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"Shredded Lives." This work contributes to the
growing awareness in visualization that 1) design pro-
cesses in data-driven art vary sometimes subtly, so-
metimes powerfully (2;3), and 2) expanding the vari-
ety of approaches enriches the community. We took a
self-reflective approach in which the first author con-
ducted an autoethnographic study of their design pro-
cesses during the iterative exploration of the design
space of the artwork. This process revealed the paral-
lel development of seven design components: Interac-
tion Mode, Technology, Data Representation, Physical
Configuration & Scale, Dataset, Engagement Mode,
and Spatial Experience. We provide an illustrated re-
port of this design exploration, highlighting how the
intersections of these components leads to the mani-
festation of new design ideas and nourishes the
design process.

Design Process Pipeline in Visualization

The visualization community has described data visu-
alization as a pipeline that transforms raw data into
an image through a series of successive transforma-
tions. Several versions of this pipeline have been pro-
posed over the years (4;5) and refined (6;7). This pi-
peline, however, falls short on at least three aspects
relevant to our work. First, it does not directly apply
to physicalization (8). Second, it does not capture well
approaches that include forming and communicating
a narrative—better captured by other processes such
as those introduced by Kosara et al. (9) and Lee et al.
(10). Third, it provides a limited view of interaction
with visualization (11).

The infovis pipeline was adapted to physicalization by
adding a 'rendering’ step (8) where the visualization

is transformed into a physical presentation—to then
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be perceived and understood by viewers. Willett et al.
(12) further added to this model the notion of physical
referent—the actual object or space to which data per-
tains. Interacting with the physical referent can alter the
data, therefore multiple physical referents and presen-
tations can be combined and interpreted collectively.
These models simplify the progression through, and re-
lations between, the different components, with a relati-
vely linear approach that excludes interactive represen-
tations.

In sum, although processes exist that consider one or
several options of representation, physicalization, inte-
raction, and storytelling, none captures appropriately
all these aspects simultaneously. When so many design
dimensions are to be considered, taking a design thin-

king approach (2;13) is necessary.

Design Components: Fixed and Free

Our approach to design is exploratory, not confined to a
specific sequence or even initially dictated by a dataset.
Central to the design process are the 'fixed' and 'free’
design components.

The fixed components establish the fundamental
guidelines for the project and inform the design pro-
cess, acting as the starting points for exploration. These
elements, while fixed, provide the necessary structure
to allow for flexibility and creativity in how the design
evolves, ensuring a balance between guidance and crea-
tivity. There are four fixed design components in this
project: the project's Role as a data installation, the Con-
text as an exhibition, the Audience as scholars and prac-
titioners in visualization and related areas, and the
VISAP Theme of diversity. These elements together cre-

ate a setting that encourages creative and open

exploration of the design components. This ap-
proach helps the project connect well with its in-
tended audience and stay true to the

conference's theme of diversity.

The free components encompass the compo-
nents that provide scope for creative exploration.
There are seven free design components in this
project: Interaction Mode, Technology, Data Rep-
resentation, Physical Configuration & Scale, Da-

taset, Engagement Mode, and Spatial Experience.
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Figure 1: Building upon the foundation set by
the fixed components, we start a dynamic ex-
ploration of the free components.
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Figure 2: Summary of Design Component Exploration- This diagram outlines the explored ideas within each design component.

Design Component Exploration Summary

The explored ideas within each component are sum-
marized in Figure 2. For the Technology component,
we explored various techniques that are compatible
with KiriPhys (which we explain in detail in the fol-
lowing section), for instance combining it with scul-
ptural elements or integrating Augmented Reality.
Data Representation ideation involved various ways
of encoding data in the installation, both visually and
physically, using the expansion texture and tactile

static elements or interactive experiences that allow direct

qualities of KiriPhys as well as more conventional

methods like color coding. For Physical Configura-
tion & Scale, we explored the spatial setup and size
of the installation, ranging from small handheld pie-
ces to large ceiling-suspended or wall-mounted ins-
tallations. For Interaction Mode, we experimented

with the type of engagement, whether it involves

KiriPhys
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navigation or hands-on interaction.

manipulation or embodied interaction. For Dataset, we
explored different data options and drew different subsets
and refinements within a single choice. Engagement
Mode captures how viewers will engage with the
installation, ranging from collec-tive group interactions
to individual personal engage-ments. Spatial
Experience examines the different physical interactions

viewer can have with the installa-tion, such as spatial

Kirigami Physicalization, or KiriPhys (1), is an appro-
ach to data physicalization that is inspired by the tradi-
tional Japanese art of paper cutting, Kirigami. KiriPhys
enables the transformation of 2D planes into 3D struc-
tures by applying cuts with precise patterns on paper,

technology.

offering an inherently flexible, artistic, and
interactive way to represent data. We chose KiriPhys
as the core technique for our design exploration
because it provides an extensive design space in
terms of data representation, form, scale, and

material choices. It is particularly compelling for its
ability to facilitate open exploration and ideation

with fewer limitations imposed by the enabling

Furthermore, the versatility of KiriPhys allows for
integration with other technologies such as aug-
mented reality (AR), unlocking new types of data ex-
periences. The technique’s adaptability extends to
the use of accessible and inexpensive materials like
paper and fabric, enabling us to push the boundaries
of tra-ditional data physicalization practices and

explore in-novative design possibilities.
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Figure 3: Some KiriPhys example to showcase the expandability of cat patterns
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Design Exploration Diagram: Extended Version
Figure 4 is the extended version of the design explo-
ration diagram. It provides a visual representation of
our iterative and exploratory design process. It
shows the continuous, dynamic, and non-hierar-
chical exploration of the seven core design compo-
nents. As new ideas and designs emerge at the inter-
sections of these components, the diagram high-
lights these overlaps with colored areas, and the
sketches illustrate the concepts born from these in-

tersections.

In this section, we zoom in on different parts of the
extended design diagram to illustrate the intricacies
of our design process. While the extended diagram
illustrates the dynamic and non-hierarchical nature
of our design exploration, the written explanation
might appear sequential. This is simply a limitation
of written text. In addition, while we discuss each
segment of the extended diagram separately for clar-
ity, we stress that these components are not iso-
lated. Each part of the diagram is interconnected, re-
flecting a unified and holistic approach where every
element interacts with and influences the others on

the same level.
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Figure 4: Design Exploration Diagram (extended version)
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Design Exploration Diagram Zoom 1

Here we detail the bottom-middle part of the design
exploration diagram shown in Figure 2 (see Figure 5).
This part shows our exploration of the design space
initiated with tabletop data art pieces. We envisioned
visitors navigating the space (Spatial Experience) and
their possible interaction with the installation (Inter-
action Mode) and the possible technologies that can
shape their data discovery. This inspired experimen-
tation with various interaction modes, such as static
(see Figure 5-a) and interactive sculptures (see Figure
5-b), sparking some design concepts from their over-
lap with other explored components. While exploring
different datasets, we used projection (Technology)
and mapped data to colors (Data Representation) pro-

jected onto the sculpture (see Figure 5-c).

With the concept of data sculpture in mind, new ideas
with different scales and physical configurations be-
gan to take shape (see Figure 5-d). As we scaled up
the pieces, we experimented with augmented reality
(AR) to experiment how new interactions could influ-

ence engagement with the piece (see Figure 5-e).
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/s Zoom 2 is on the left part of the design exploration
) - diagram shown in Figure 2 (see Figure 6). Here, we
walking continued to explore the possibilities of large-sized
\ > installations (Physical Configuration and Scale) to

experiment with embodied spatial experiences. We

experimented with ground-supported and wall-
mounted installations (see Figure 6-b and c) as well
as elements that are suspended from the ceiling,
which correspond to their ground-supported coun-
terparts (see Figure 6-a). In parallel, we investigated
different enabling technologies such as AR on a

phone (see Figure 6-d).

Figure 6: Design Exploration Diagram Zoom 2
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Design Exploration Diagram Zoom 3

Zoom 3 is on the middle-right part of the design explo-
ration diagram shown in Figure 2 (see Figure 7). Here,
we looked at the interplay between Data Representa-
tion, Physical Configuration, and Spatial Experience.
We explored the integration of vertical (see Figure 7-
a) and horizontal (see Figure 7-b) color coding within

ceiling-suspended installations, experimenting with
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Figure 7: Design Exploration Diagram Zoom 3

AR-infused KiriPhys using projectors (see Figure 7-
¢). By manipulating how the same data subset is
projected and mapped in the physical space, we aim
to influence visitor behavior and enhance their data
experience. These design ideas encourage viewers
to navigate through the data by walking, standing,
and viewing the installation from different distances

and perspectives.




VISAP’24, Pictorials and annotated portfolios.

Design Exploration Diagram Zoom 4

Zoom 4 is on the top-right part of the design explora-
tion diagram shown in Figure 2 (see Figure 8). It high-
lights the variety of spatial experiences we considered
to engage people with the art installation by intersect-
ing Spatial Experiences, Data Representation, Tech-
nology, and Physical Configurations.

One such idea is to engage people in walking with
their devices and in interacting with the piece through
AR overlays (see Figure 8-a). Another idea features
suspending the installation from the ceiling (Physical

Configuration and Scale), which invites visitors to lie

ndividual experience)

oy

/Vertical- Golour coding\

down (Spatial Experience) and view the artwork
from a unique perspective, promoting a prolonged
and memorable experience (see Figure 8-b). An-
other idea shows the integration of large-scale in-
stallations connecting to different architectural ele-
ments, each representing one data aspect (Data
Mapping) (see Figure 8-d). This design prompts
visi-tors to wander and explore different parts of
the in-stallation. Each viewpoint offers new insights,

turning the exploration into a maze-like journey of

discovery.
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Design Exploration Diagram Zoom 5

Zoom 5 is on the bottom-right part of the design ex-
ploration diagram shown in Figure 2 (see Figure 9).
The ideas that emerged in this section are centered
around the handheld scale, and while these experi-
ences might appear similar at a glance, they offer
profoundly different data experiences. These range
from collaborative to solitary experiences, utilizing
diverse visual and tactile exploration methods.

One emergent idea involves a collaborative interac-
tion with the artwork, where participants can view
and manipulate data overlays using AR glasses (see
Figure 9-b). This approach fosters a communal data
exploration experience, highlighting how digital en-
hancements can augment physical data representa-

tions.

Another concept that emerged during our explora-
tion of representation techniques was tactile quali-
ties such as texture and resistance of expansion (see
Figure 9-d). These provide a different kind of expe-
rience, beyond the visual, by engaging users through
the sense of touch, allowing them to 'feel' the data
and perceive it through physical resistance and

changes in the shape of the model.
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Table 1: The five piece manifestations we considered for the final design, described in terms of the seven design components we explored.
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Design Exploration Diagram: Five Piece

Manifestations Emerged

In our exploration, we navigated through a breadth of
design ideas, each emerging from the exploration of
various design components. This phase illuminated

the rich potential of integrating design components,

showcasing a spectrum of possibilities.

The compacted version of the diagram, shown in Fig-
ure 10, distills five piece manifestations that together

represent a coherent synthesis that emerged at the

intersection of all seven design components. These

manifestations are not just combinations but

integrative results that highlight how the explora-
tion of diverse elements—ranging from Data Repre-

sentation and Interaction Modes to Technology and

Scale—converge to form unique installation ideas.

Table 1 summarizes the characteristics of each piece
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manifestation in terms of their properties with re-

spect to the seven design components we explored.
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Table 2: Selection criteria for final design installation

Criteria Description Reasons for selecting the Third Design
The dat fi i i d highly i tful, ex-
e Impactfulness, uniqueness, and alignment with the con- e' aa or'1 }"e ugees 1s.un1que andhighy 1mpac. 4 .ex
Data Significance ploring a critical global issue that has not been visualized

ference theme.

for public extensively.

Data Representation

Representing several different data aspects in a clear
engaging way

The representation encompasses different important fac-
tors, providing a rich view of the data.

Technology Feasibility

Feasibility of implementing the required technology, in-
cluding the availability and accessibility of the neces-
sary equipment and tools.

The needed technology, Solely KiriPhys, is accessible mak-
ing it feasible within the project timeline and resources.

Time and Resources

Time and resources needed to develop and install each
design, prioritizing those that can be realistically com-
pleted within the given constraints.

The project can be realistically completed within the
given constraints.

Scale and Physical Configuration

Assessed for visibility and visual engagement, ensuring
the installation encourages exploration.

The large, ceiling-suspended configuration ensures high
visibility and encourages spatial navigation, making the
experience immersive and engaging for visitors.

Spatial Experience and Interaction
Preference

Taken into account to enhance the overall engagement.

The design provides an engaging spatial experience that
enhances visitor interaction.

From Five Piece Manifestations to the Final In-
stallation

We selected the final design by comparing the five-
piece manifestations based on the criteria laid out
in Table 2. We selected the third design from Table
1 because we assessed that i) it effectively com-
municates important data on refugees, ii) it en-
gages the audience through spatial navigation, and
iii) it creates a memorable and impactful experi-
ence. This decision reflects careful consideration of
the richness of data, impactfulness, uniqueness,
alignment with the conference theme, and

practical aspects of implementation.
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Figure 11: Schematic diagrammatic views of the installation
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Conclusion

This pictorial explains our non-hierarchical, explora-
tory design process that led to the creation of the art-
work "Shredded Lives: A Decade of Migrant Loss." By
identifying and systematically exploring seven design
components, we aimed to exhaust all possibilities to
arrive at rich and impactful alternatives. The process
involved iterative exploration and dynamic interac-
tions between technology, data representation, physi-
cal configuration, and spatial experience. The chosen
design, featuring a large ceiling-suspended installa-
tion that engages visitors in spatial navigation and
presents critical data on refugees, exemplifies the ef-
fectiveness of this approach. This design process,
guided by the seven design components we identified,
is tailored specifically for this project and may be al-
tered or adjusted for future installations to suit differ-

ent themes or contexts.
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