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ABSTRACT

Science fiction often features characters or objects that undergo rad-
ical changes in form while still being recognizable as the same en-
tity. For example, a vehicle might unfold into a robot, or one body
might flow or shape-shift into another. We use such transforma-
tions as a reflective lens to study similar shape-shifting in visualiza-
tion, where one visual representation transforms into a completely
different one. For example, a node-link diagram might transform
into a parallel coordinates plot as a user’s task changes from under-
standing relationships to identifying correlations. Based on four in-
stances of science-fiction transformation, our paper highlights two
key questions: First, why is a transformation into a target form
needed, or what is the purpose? Second, what remains recogniz-
able across the transformation from source to target, or what is the
correspondence? Through four hypothetical transitions between vi-
sual representations of a multifaceted dataset, we demonstrate that
purpose is also essential to visualization transformations. Further-
more, we show that the question of correspondence results in dif-
ferent levels of complexity in terms of designing and understanding
transitions. Depending on whether correspondence is 1:1, 1:N, or
N:1, visualization transformations may be direct and easy to un-
derstand, or they may require more elaborate transition constructs,
implying increased cognitive effort for interpretation. Particularly,
cases of 1 : N and N : 1 correspondence pose challenges for design-
ing visualization transformations.
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1 INTRODUCTION

Exploring complex data often requires switching between multiple
visual representations, such as node-link diagrams, parallel coordi-
nates, and matrices, each emphasizing different aspects of the same
underlying data [23]. Analysts frequently move between views to
support comparison, interpretation, and discovery. Yet, each move
incurs a context-switching cost, that is, the effort required to leave
the context of one view and reorient within another [26]. For exam-
ple, the same data item may appear as a dot in one representation,
a polyline in another, and a more complex shape in yet another.
When the view changes, correspondence may not be immediately
visible, and must be re-established. This increases the mental ef-
fort required to connect representations as data complexity and the
number of view types grow.

Visualization research has proposed several ways to reduce this
cost. Coordination techniques such as brushing and linking can in-
dicate correspondence between multiple views [2, 19]. Animation
is also often used to convey change within a visualization [5], and
it can also support transitions between related visualizations of the
same data [6, 18]. Here, we are interested in animated transfor-
mations that change one visualization into a completely different
one, for example, a node-link diagram into a parallel coordinates
plot [16]. Such transformations have to be augmented through vis-
ible intermediate states, so that the transition itself becomes part of
the visual explanation [15].

Rather than treating such transitions solely as problems of ani-
mation, we approach them as design problems concerned with con-
tinuity across changing visual forms. A transition may be percep-
tually smooth while still failing to make the relationship between
source and target representations intelligible. This extends attention
beyond motion quality to the readability of transformation across
marks, layouts, and meaning [5, 15, 23]. To examine this chal-
lenge, we turn to science fiction as a domain in which transforma-



tions of form are made visible and interpretable. Science fiction of-
ten depicts vehicles, machines, and bodies that change form while
remaining recognizable as the same entities [24]. We do not use
science-fiction transformations as literal models for visualization
transformations, but as a reflective resource for thinking about how
transformations can remain readable.

We develop this argument in four steps. Section 2 positions our
work in relation to animated visualization transitions and science-
fiction-inspired design. Section 3 introduces the aspects used for
our reflective analysis, and Section 4 applies these aspects to se-
lected visualization transformations. Finally, Section 5 discusses
the resulting design challenges.

2 RELATED WORK

Our work is related to two areas of research: methods for transi-
tioning between visualizations and the use of fiction as a resource
for reasoning about visualization transformations.

2.1 Transition Mechanisms

Prior work has examined transitions between charts [6, 5], mul-
tivariate plots [34, 15], geographic representations [14, 33], and
graph visualizations [7, 18]. Smooth display transitions can also be
useful for augmenting multifaceted visualizations, including spa-
tial (S) and temporal (T) aspects as well as multivariate attributes
(A) and relationships (R) among data entities [23]. A smaller
body of work has already considered visualization transformations
between different data facets [32, 16]. Prior research has artic-
ulated design principles and design spaces for animated transi-
tions [25, 6, 21], while animation methods such as staging [6], stag-
gering [3], and bundling [4] aim to make transitions smooth and
traceable. Transition grammars and design-space models further
specify how views can change and how transitions can be ranked
by cost and sequence [10, 11, 17]. Together, these works provide
valuable guidance for designing animated transitions between vi-
sualizations. Building on this background, we shift the discussion
from transition mechanisms to the interpretation of transformation
across heterogeneous visual representations.

2.2 Fiction as a Design Lens

Science fiction has been used as a resource for reasoning about de-
sign. In research on shape-changing interfaces, analyses of science-
fiction transformations inform how devices and surfaces may re-
configure their material form [24, 20]. In visualization, fiction has
mainly been used for rhetorical, speculative, and critical purposes.
Speculative visualization can provoke interpretation and public dis-
cussion [9]. Fictional superpowers have been used to characterize
how visualizations empower people [31]. Science-fiction scenarios
have also been used to motivate 3D mobile visualization [1]. Fi-
nally, design fiction can be helpful to construct thought experiments
that critique visualization at a conceptual level [13].

Each of these examples applies fiction to a different end: mate-
rial shape change, critique, motivation, or rhetoric. Next, we use
science-fiction transformations to reason about visualization trans-
formations as a design problem.

3 SCIENCE-FICTION TRANSFORMATIONS

We already mentioned science-fiction transformations where char-
acters change form to meet new situations (e.g., vehicles unfold
into robots). These transformations are presented not as simple
substitutions but as staged processes that the audience can follow.
Even when the final form differs substantially from the initial one,
the passage between them remains legible. This is precisely the
challenge that visualization transformations for multifaceted explo-
ration must overcome: maintaining legibility when one visual rep-
resentation transforms into a substantially different one.

3.1 Science-Fiction Transformation Examples

We build our reflective lens from a small set of science-fiction trans-
formations (see Figure 1) whose general familiarity makes reason-
ing about them easy. We include both film and game examples be-
cause they make transformations understandable in different ways.
With films, we merely observe transformations. In games, trans-
formations are often actively triggered for a specific task, which is
closer to how analysts invoke visualization transformations.

Transformers [30] — The Transformers movies involve cars that
transform into large humanoid robots. While the car form is suit-
able for peaceful driving, the robot form is mainly taken for fighting
adversaries. During the transformation, a vehicle does not simply
vanish and return as a robot but it reorganizes through visible part
movements. Doors, wheels, panels, and joints move into new po-
sitions, allowing components of the old form to be traced into the
new one. The transformation is understandable through a main-
tained part-to-part correspondence.

Terminator 2 [29] — In the Terminator 2 movie, the T-1000’s
liquid-metal body reshapes through continuous deformation rather
than movement of separable parts. It stretches, deforms, and re-
forms as one substance. Recognizability rests on material continu-
ity rather than traceable components. The T-1000 adopts a liquid
form when its solid humanoid form becomes a hindrance, allowing
it to overcome obstacles such as narrow openings. Its body can also
deform and reform to recover from bullet impacts.

Metroid’s Morph Ball [28] — The Metroid game allows its pro-
tagonist Samus to transform from human form into a ball form.
Samus adopts the ball form because it enables movement through
spaces her ordinary form cannot enter. Here, the transformation is
triggered by the player for a specific task and abandoned when that
task is complete. To transform, Samus crouches down and huddles
into a ball, but the actual transformation is hidden from the viewer
by an energetic cloud. In this case, that fact that Samus and the
Morph ball are the same entity can only be inferred from spatio-
temporal correspondence: Where Samus was is now the ball.

The Hulk [27] — The body of the Hulk changes to meet a de-
mand for greater force and endurance. The transformation involves
stretching, expansion, and muscle increase, but overall remains
within the logic of the original human body. While the Hulk gains
mass and strength during the transformation, it does not become a
machine or a fluid. As the form adapts only within the limits of what
it can plausibly become (i.e., high correspondence between source
and target), the transformation is easy to follow and understand.

3.2 Relevant Design Aspects

Looking at these examples, two recurring questions become appar-
ent. First, why does the form change (i.e., purpose)? Second, what
stays recognizable through the change (i.e., correspondence)?

¢ Purpose: Why does the form change? A new form should
have a reason to appear. Like the Morph Ball enables passage,
a visualization should transition into another representation
because a new analytical task calls for it, not merely because
change is possible. Purpose is also bounded. Just as the Hulk
changes within the logic of the body, a visualization transfor-
mation should change within the logic of the data, its visual
encoding, and the analytical goal. A transition can only serve
the purpose when the new form remains connected to what the
data can support and to what the task requires. Conversely, it
remains arbitrary when the transformation has no clear ana-
lytical or representational reason.

¢ Correspondence: What stays recognizable throughout the
change? In science-fiction transformations, recognizability
may rest on traceable parts, as in Transformers, or on contin-
uous material and motion, as in the T-1000. In visualization,



this question becomes more demanding because the underly-
ing semantic structures and visual encodings may change. For
example, when a dot in a node-link diagram is transformed
into a polyline in a parallel coordinates plot, there is no per-
sistent mark to follow, there is not even a common frame of
reference. So, the correspondence between old and new visual
forms needs to be purposefully designed to be perceivable and
understandable.

These aspects are not independent of how transformations are
shown. In fact, a transformation is recognizable only if enough of
the process is visible. Therefore, visibility is the enabling condition
through which purpose and correspondence become readable. This
thinking resonates with prior analyses of transformation in science
fiction [24].

Together, purpose, correspondence, and visibility provide the re-
flective lens through which we examine visualization transforma-
tions in the next section.

4 UNDERSTANDING VISUALIZATION TRANSFORMATIONS

To see how the aforementioned aspects influence the design of vi-
sualization transformations, we consider the scenario of exploring
multifaceted data. Assume the data represents a collaboration net-
work consisting of authors, their co-authorship relations (R), as-
sociated attributes (A), geo-spatial locations (S), and publication
timelines (T). Designing a visualization that shows all data facets in
full detail is usually difficult, if not impossible [23]. As a thought
experiment [13], we will next outline four hypothetical visualiza-
tion transformations that may play a role when analysts explore
multifaceted data using multiple views.

Much like in science fiction, we envision transformable visual-
izations that can shape-change depending on analytical focus. Ini-
tially, we start with a node-link diagram that visualizes the rela-
tional structure (R) with authors being represented as dots and co-
authorships as links connecting pairs of dots. The node-link dia-
gram is our common source representation, which will be trans-
formed through four hypothetical transformations into different vi-
sual representations that shift the analytical focus regarding each
data facet. In other words, each transformation changes the node-
link representation into a different visualization with a different an-
alytical purpose.

4.1 Visualization Transformation Examples

Next, we look at the four example transformations in detail. We
examine why the target representations are appropriate for certain
purposes, and what correspondences must remain recognizable as
the transformations unfold.

Node-link to incidence matrix. As link
density increases, a node-link view becomes
cluttered and difficult to read. Transforming it
to an incidence matrix (aka BioFabric [12]) re-
places the force-directed layout with an ordered
arrangement, in which nodes are represented as
horizontal rows, and edges are represented by
incidence marks instead of crossing links. Pur-
pose: This transformation is needed by a shift from tracing dense
links in a force-directed layout to interpreting relationships through
structured alignment. Visibility: Nodes, originally drawn as a dots,
are visibly reshaped into horizontal rows that are positioned ac-
cording to an assigned matrix order. Links are then transformed
into vertical incidence marks that connect the rows of their incident
nodes. This reorganization reflects the part reconfiguration seen in
the Transformers movies. Correspondence: Each node and its row
as well as each link and its incidence mark are in a 1 : 1 corre-
spondence. The incidence marks preserve the relational identity of
the co-author collaborations by continuing to link the same pair of
authors.

Incidence Matrix

Node-link to parallel coordinates. While
a node-link diagram effectively represents re-
lationships among authors, it provides lim-
ited support for analyzing their multivariate at-
tributes. Parallel coordinates [8] instead repre-
sent each author’s attributes across a shared set
of parallel axes, enabling detailed inspection of
trends and correlations. Purpose: The analytical focus changes
from relationships (R) among authors to investigations of author
attribute values (A) across multiple dimensions. Visibility: To sup-
port this change, the visualization transformation unfolds the dots
representing authors in the node-link diagram into polylines that
bend according to the authors’ attribute values [16], similar to the
continuous deformation in Terminator 2. The transformation fur-
ther fades in a set of parallel axes as a new frame of reference.
Correspondence: During the transformation, each dot represent-
ing an author becomes a polyline. The correspondence is therefore
1: 1. Because parallel coordinates provide no graphical encoding
for relationships, links are not preserved.

Node-link to time wheel. As our node-
link diagram does not reveal how publications
are distributed over time and across publication
types, we transform into the time wheel [22],
which shows time (T) and attributes (A). Sim-
ilar to parallel coordinates, the time wheel is
based on axes, but it has a central time axis
around which several axes for time-dependent
attributes (e.g., counts per publication type) are arranged. Purpose:
As such, the time wheel allows us to see temporal publication pat-
terns across publication types, while omitting relationships among
authors. Visibility: The transformation from node-link diagram to
time wheel first fades out the links (R is not encoded in the time
wheel). For all authors, their dot representation is then split into
a set of line segments, one segment per publication type. The line
segments are then smoothly arranged such that they connect the
central time axis and their corresponding publication-type axis to
represent the count per publication type. Correspondence: While
each author’s visual mark changes from a single dot to multiple line
segments, which could be considered a bounded amplification as in
The Hulk, the publications remain associated with the same author.
So, the transformation yields a 1 : N correspondence between an
author’s dot and its publication-type line segments.

Node-link to colored map. Finally, we con-
sider the spatial (S) facet of the data and use a
colored map to reveal how many authors are lo-
cated per geographic region. Transforming to a
map replaces the force-directed layout of dots
with geographic regions, where spatial location
rather than network structure determines the vi-
sual arrangement. Purpose: Understanding the
spatial distribution of authors across geographic regions is now the
analytical focus. Visibility: During the envisioned transformation,
each author’s dot moves from its original node-link position to the
center of its associated geographic region. At each center, mul-
tiple author dots visibly merge as they accumulate in the same
spot. This co-location merging without actual change in form re-
flects the masked transformation seen in Metroid. Finally, each re-
gion’s merged dot is shape-shifted into the form of the geographic
region. Correspondence: The correspondence in this case is N : 1,
with multiple individual author dots being transformed into one ge-
ographic area.

Parallel Coordinates

Time Wheel

Colored Map

4.2 What Can We Learn?

The outlined hypothetical transformations illustrate the role of the
purpose in reasoning about visualization transformations. In our
examples, the transformations redirect analytical attention from the



Table 1: Correspondence cardinality as an indicator of expected
transformation complexity for designers and users.

Correspondence 1:1 1:N N:1

Transition complexity (Designer) Direct  Constructed
Understandability (User) Easy Difficult

R data facet to the A, S, or T facets, or reinterpret R through a
different representation. This suggests that any transformation be-
gins with a change in analytical purpose that determines which data
facets should remain relevant, become emphasized, or are no longer
represented.

As the analytical purpose changes, visualization transformations
have to ensure the visibility of the referential structures (i.e., axes)
required for the involved data facets. These structures provide the
visual context for interpreting the data in the transformed represen-
tation. Conversely, referential structures that no longer support the
analytical purpose can be omitted (e.g., the links). With the refer-
ential structures established, the marks representing the data items
can be transformed from the source and to the target representa-
tion. Various ways of actually performing the transformation are
possible. Here, we specifically saw resemblance to science-fiction
transformations, but many others could be devised to make changes
from source to target representation visible.

The source-to-target correspondence may vary across transfor-
mations and has an influence on the complexity of the transforma-
tion process. Table 1 summarizes possible correspondences at the
level of data items and their associated visual marks. For 1: 1 cor-
respondence, each data item and its mark in the source correspond
to a single item and mark in the target. For visual marks, correspon-
dence also depends on geometric compatibility. When source and
target have compatible geometry, the target mark can emerge di-
rectly from the source. A dot, for instance can extend into a matrix
row that passes through it’s position. With incompatible geome-
tries, intermediate steps may be needed. A dot may first need to be
split into arc segments before these can be unfolded into a polyline.

As correspondence changes to 1 : N or N : 1, additional transition
constructs are required. For 1 : NV, a single data item represented by
one mark in the source must be split into multiple marks in the tar-
get. For N : 1, multiple data items, each with its own mark in the
source, must be combined into a single mark in the target. These
forms of correspondence make splitting and merging more difficult
to communicate and may increase the effort required to design and
interpret the transformations. Correspondence cardinality is there-
fore a helpful indicator for transformation complexity.

5 DISCUSSION

Next, we discuss the implications of correspondence cardinality for
transformation design and interpretation, and reflect on limitations
of our science-fiction lens on visualization transformations.

Design and Interpretation Considering correspondence car-
dinality shifts the design emphasis from transforming marks to
communicating correspondence between marks. For 1: N and
N : 1 cardinality, designing animated transitions requires more than
smoothly transforming individual marks. Additional transition con-
structs are needed to establish one-to-many and many-to-one cor-
respondence between source and target marks. The same chal-
lenge extends to interpretation, as viewers must infer these rela-
tionships because they are not established by continuous transfor-
mation alone. Transformation complexity therefore depends not
only on preserving continuity, but also on maintaining understand-
able correspondence as the mapping changes. Yet, correspondence
cardinality is only an indicator of transformation complexity, not a
fixed rule. For example, a higher-cardinality mapping may remain
easy to understand when split and merge follow a clear visual and

semantic structure, whereas a one-to-one mapping may still be per-
ceived as rather complex if source and target marks differ strongly
in geometry, encoding, or referential structure.

Higher-cardinality correspondence can be made more under-
standable by visually grouping the marks participating in the same
correspondence or by preserving visible cues that link correspond-
ing source and target marks throughout or after the transition. Such
cues allow correspondence to remain observable instead of rely-
ing entirely on the viewer’s tracking of individual mark movements
during the transformation. These observations raise questions about
when such visual aids improve understanding, how they can be in-
troduced without adding visual clutter, and how transitions should
be evaluated when communicating correspondence becomes as im-
portant as animation smoothness and perceptual traceability.

Extending to Transformation Sequences. The discussion
so far has considered correspondence cardinality within individual
visualization transformations. Beyond basic animated transitions,
transformable visualizations as we envision them here may involve
transformation sequences. In such sequences, the target representa-
tion of one transformation becomes the source representation of the
next transformation [23]. Correspondence may therefore change
across the sequence rather than being established independently for
each transformation. For example, a 1 : 1 correspondence may later
become 1 : N and subsequently N : 1 as different representations are
introduced. This suggests that the correspondence established in
one transformation may influence the design and interpretation of
subsequent transformations, making correspondence across trans-
formation sequences a useful consideration.

Limitations. Our selected science-fiction transformations are
illustrative rather than exhaustive. They demonstrate how science
fiction can serve as a lens for discussing design aspects of visual-
ization transitions, but they represent only a subset of a much larger
design space. From a broader set of examples, recurring trans-
formation strategies could be identified and generalized for use in
transformable visualizations.

Our hypothetical visualization transformation cover 1 : 1, 1 : N,
and N : 1 correspondences, leaving N : N correspondence unex-
plored. We may find examples of such complex transformations
in science fiction (e.g., swarm-based deformations). However, the
usefulness of N : N transitions for visualization seems to be low in
light of the limits of the human cognitive system.

Finally, our visualization transformations are mostly ad-hoc ex-
amples, and their full design details remain elusive. Exploring addi-
tional transformation types and transition strategies would certainly
broaden our understanding of the design space of visualization tran-
sitions.

6 CONCLUSION

We used science-fiction transformation as a reflective lens for rea-
soning about visualization transformations. This perspective ad-
vocates visibility and frames two design questions: Why is a new
representation needed and what must remain recognizable as one
representation changes into another.

Applying this perspective to four hypothetical visualization
transformations showed that purpose motivates the choice of the
target representation, while smooth animated transitions make
changes visible. Correspondence determines what may change
and what must remain recognizable. Correspondence cardinality
emerged as a useful indicator of transformation complexity: 1 : 1
correspondences can often be realized through the transformation
of a single mark, whereas 1 : N and N : 1 correspondences require
additional transition constructs to communicate correspondence.
Although the examples are illustrative, they demonstrate how sci-
ence fiction can serve as a lens for reasoning about transformable
visualizations and suggest opportunities to explore additional trans-
formation scenarios.
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