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Figure 1: The Glyphaestus main interface reproducing G. Lupi’s Week 8 visualization design [16]. In the canvas (A), users
construct the glyph structure, expose visual properties as sliders, and define variation ranges and interpolations. The data
grid (B) supports rapid data binding via drag-and-drop operations and contextual menus. Bindings can be modified from a
summary view (C) or directly on the canvas through draggable plugs on the sliders. Collections nested within a glyph can be
configured using the collection view (D), which presents a linear representation for adjusting layout and property constraints.

Abstract

The expressivity of hand-drawn and design-oriented visualizations
stems from the rich composition, hierarchical organization, and con-
trolled variation of glyphs. However, existing visualization author-
ing tools offer limited support for constructing such glyphs: they
treat glyphs as flat assemblies of marks, support limited parametriza-
tion, and rely on procedural workflows that hinder exploration.
We present Glyphaestus, an interactive system for designing
parametric, drawing-based glyphs with hierarchical composition
and structured variability. Glyphs are compositions in which de-
signers define reusable components, expose visual parameters, and
specify constraints across multiple levels. This enables designers
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to move from graphical construction to data semantics prior to
data binding. We report on a preliminary user study exploring how
Glyphaestus expands the expressive design space of glyph-based
visualization and supports the transition from graphical represen-
tations to data-driven concepts.
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1 Introduction

Drawing enables designers to create visual representations that
are not only informative but also deeply personal, expressive, and
conceptually rich. In personal data visualization practices such as
Dear Data by Giorgia Lupi and Stefanie Posavec [16], glyphs are


https://doi.org/XXXXXXX.XXXXXXX
https://doi.org/XXXXXXX.XXXXXXX

Conference acronym 'XX, June 03-05, 2018, Woodstock, NY

Figure 2: Examples from Dear Data [16] with complex glyph
designs: Week 5 (a), Week 8 (b), and Week 36 (c).

not merely visual encodings—their shapes, structures, and inter-
nal organization embody how designers interpret and frame data
as meaningful constructs. These examples demonstrate that ex-
pressiveness arises not only from stylistic freedom, but also from
composition and parametrization of graphical forms.

Existing drawing-based visualization systems such as Datalnk
[42], Data-Driven Guides [12], and DataGarden [22] have made
important advances toward supporting expressive visualization au-
thoring. Likewise, powerful user interfaces and grammars, such as
Datalllustrator [15], Charticulator [26], StructGraphics [36], MSC
[13], and PiCCL [34], provide sophisticated mechanisms for com-
posing graphical structures. However, these tools rarely frame
glyph design itself as a conceptual modelling activity—one in which
designers explicitly think of glyphs as structured data concepts
with reusable internal hierarchies and explicit parametrization.
Moreover, many of these systems rely on highly procedural work-
flows [29], which can limit design exploration and make it difficult
to restructure existing designs.

In this work, we introduce Glyphaestusl, an interactive sys-
tem for parametric, drawing-based glyph design that treats glyph
construction as a conceptual modelling process. Our approach en-
courages designers to think of glyphs not just as visual encodings,
but as structured entities capable of containing collections, nested
compositions, and multiple hierarchical levels. Our system supports
composition operators similar in spirit to those found in MSC [13]
and PiCCL [34], while enabling a flexible interaction-based work-
flow that combines top-down and bottom-up design moves. De-
signers can iteratively refine the composition of a glyph, and these
changes propagate consistently across associated collections. This
bidirectional workflow allows for both structural rethinking and
incremental refinement, supporting exploratory and expressive
design processes.

Our key contributions include the unification of composition and
layout through interactive constraint-specification objects, such as
structural guides that define the layout of nested collections, and the
integration of design principles inspired by programming, such as
typing and encapsulation. By combining hierarchical composition,
explicit parametrization, and freeform graphical primitives within
a unified interaction framework, Glyphaestus expands the expres-
sive design space of parametric glyph-based visualizations. We also
present the results of a qualitative study with 14 participants us-
ing Glyphaestus, and conclude with a discussion of the system’s
capabilities and limitations through representative examples.

The name refers to Hephaestus, the Greek god of artisans and craftsmen, who forged
the shield of Achilles, renowned for its spectacular imagery.
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2 Related work

Our system design is informed by prior work on visualization au-
thoring and interactive tools for defining graphical constraints.

2.1 Visualization authoring systems

A wide range of systems support the creation of data visualizations,
each offering different levels of expressivity. Chart-building tools
with integrated spreadsheets, such as Excel, PowerBI, and Tableau,
enable the rapid generation of visualizations from data with mini-
mal effort. However, they offer limited customization beyond basic
visual properties such as fonts and colour. As observed in prior
work [2], visualization authors often switch between multiple tools
to reach a desired result, frequently relying on graphical design
tools such as Adobe Illustrator.

An active line of research has introduced drawing capabilities
into visualization systems, each focusing on different aspects of
expressivity. Lyra [28], Data Illustrator [15], and Charticulator [26]
support visualization authoring with nested layouts. InfoNice [38]
enables the creation of infographics with custom marks, while Data-
Driven Guides [12] support the use of organic, deformable shapes.
StructGraphics [36] allows designers to define parametric graphical
spaces and constraints without requiring a predefined dataset.

Other work draws inspiration from hand-drawn visualization
practices such as Dear Data [16, 33], aiming to support more per-
sonal and idiosyncratic visual vocabularies. Systems such as Datalnk
[42], DataSelfie [11], TimeSplines [21], and DataGarden [22] exem-
plify this approach. By relying on sketch-based input, they enable
the rapid creation of freeform visuals, closer to pen-and-paper
drawing. CompSketch [35] further supports freeform variations
by allowing users to specify data bindings through annotations,
fostering the exploration of alternative mappings. However, this
expressive freedom comes at a cost: it becomes more difficult to for-
mally represent underlying structures and generalize them beyond
what has been explicitly drawn. Finally, other systems [25] auto-
matically infer data from hand-drawn glyphs based on user-defined
parametric templates.

While each system targets specific use cases, none explicitly
focuses on glyph design and none fully supports the complex, hier-
archical glyph structures observed in many Dear Data examples,
e.g., those in Figure 2. Diatoms [4] supports generative design for
data glyphs, but treats glyphs as flat groups of marks without in-
ternal structure. In contrast, our work focuses on supporting the
iterative design of glyphs with hierarchical composition.

2.2 Toolkits and visualization grammars

Low-level graphics libraries provide basic drawing primitives but
require substantial effort to build data visualizations. Libraries such
as D3 [3] facilitate data binding but still rely on programming exper-
tise. Higher-level approaches introduce domain-specific or declar-
ative languages for visualization, including Diagrams [44], Pen-
rose [43], Bluefish [23], ggplot2 [39], Vega [31], and Vega-Lite [30].
More recent systems, such as Atlas [14], MSC [13], PiCCL [34], and
GoFish [24], extend these ideas with compositional operators and
constraint-based mechanisms for constructing visualizations.
While widely used, these approaches primarily target analytical
visualization and prioritize readability, limiting their expressiveness
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for creative or personal visualizations. Our work builds on their
concepts while extending their expressive capabilities.

2.3 Manipulating graphical constraints

While formal languages can describe visual representations, a cen-
tral challenge in HCI research is to reify [1] their internal structure
and constraints as interactive objects.

Most visualization authoring tool, e.g., Data Illustrator [15], Char-
ticulator [26], and DataGarden [22], rely on hierarchical organiza-
tions of visual elements, but differ in how they support the specifi-
cation of graphical constraints. For example, Charticulator defines
equality constraints between properties, resolved through a con-
straint solver, while Data Illustrator relies on lazy data binding
to link graphical properties. StructGraphics [36], in contrast, in-
troduces a hierarchical property-sharing mechanism that operates
independently of any predefined data schema. Visualization sys-
tems also provide tools for automatic layout of visual elements,
such as scaffolds [4, 26] or spines [22]. Data-Driven Guides [12] in-
troduce data guides, which not only encode data but also control the
geometry of non-standard shapes. We aim to unify these concepts
to support greater expressivity with fewer interaction techniques.

Beyond visualization, HCI research has proposed a variety of
approaches for manipulating graphical properties. Hoarau and Con-
versy [8] explore interactive tools for sharing properties across
objects. Object-Oriented Drawing [40] introduces attribute objects
that expose and manipulate properties directly, while Collection
Objects [41] extend this approach to groups of elements.

Other work focuses on expressing constraints between proper-
ties. StickyLines [6] represents alignment and distribution as per-
sistent, manipulable properties, and introduces tweaking to support
local variations. Graphical Substrates [18] enable designers to de-
fine layout constraints through visual programming, while Para [9]
provides mechanisms for expressing functional constraints in proce-
dural design. DrawingTransforms [7] further allow users to define
procedural transformations through drawing. Finally, Mackay and
Beaudouin-Lafon [17] unify many of these approaches through the
notion of interaction substrates, which reify objects and their con-
straints into interactive object constructs. Our approach is strongly
inspired by these principles.

3 Conceptual gaps in existing systems

To ground our discussion, we refer to the visualization of negative
thoughts by Andy Kriebel [33] in Figure 3. The design comprises
two classes of graphical objects at two hierarchical levels: (i) in-
dividual instances of negative thoughts, represented as decorated
concentric circles ’D‘.b, and (ii) collections of thoughts, repre-
sented by a balance icon — g .

A desirable quality of a design-oriented authoring tool is to let
designers conceptualize and parametrize these glyph representa-
tions independently of one another, without requiring immediate
binding to concrete data or predefined mappings. Designers should
also be able to combine them flexibly—for example, by embedding
individual negative-thought glyphs within the collection structure—
while retaining the ability to iteratively refine each component.
This includes introducing new parameters, such as encoding the
location of a negative thought (e.g., at home or in a coffee shop)
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Figure 3: Visualization of inward (left) and outward (right)
negative thoughts by Andy Kriebel [33] (Week 38). We show
the data encodings used in the inner glyphs.

through custom mark variants
overall composition.

Although several of the systems mentioned above adopt a graphics-
driven approach and often explicitly target design-driven work-
flows, they do not adequately support such flexibility. We identify
three limitations.

, without disrupting the

Glyph composition. In many systems [13, 15, 26, 28, 42], a glyph
is defined as a flat grouping of marks at a single hierarchical level.
StructGraphics [36] allows glyph nesting but does not support col-
lections nested within glyphs. Conversely, Data-Driven Guides [12]
enables multi-level structures, but these must be constructed man-
ually by duplicating and attaching guides. The system lacks an
internal representation of hierarchy and does not generalize well to
new data. DataGarden [22] introduces hierarchical glyphs whose
sub-glyphs can themselves become parents of collections, enabling
nested multi-level visualizations. However, it assumes that all chil-
dren of a node are of the same type and thus, for example, fails to
express heterogeneous sub-collections, such as those in Figure 2.

PiCCL [34] and, to some extent, GoFish [24] support collections
nested under glyphs (or marks), but they are grammar-based sys-
tems without direct-manipulation design tools.

Graphical constraints. The glyphs in Figure 3 are structured
through constraints that govern both spatial relationships and other
visual properties such as size and colour. Charticulator [26] and
MSC [13] provide limited constraint mechanisms, primarily for rel-
ative positioning. PiCCL [34] supports richer geometric constraints,
such as length and angle, while StructGraphics [36] introduces a
more general property-sharing mechanism linking properties across
elements. However, these systems mainly support equality-based
constraints and lack mechanisms for expressing more complex rela-
tionships, such as functional dependencies between properties (e.g.,
the proportional relationships among circle sizes (@) in Figure 2c).
More expressive constraint systems exist in design tools such as
Linkify [18], Para [9], and Apparatus [32], but integrating such
capabilities into data-driven workflows without requiring program-
ming remains a challenge. Additionally, while most systems focus
on layouts that position glyphs globally, we emphasize constraints
governing the internal layout of glyph components.
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Figure 4: The visualization creation workflow for Denise. (A) She sketches petals and arranges them in a radial collection. (B)
Background colour and length of petals are exposed as sliders: variations of these two properties across the collection appear.
(C) Denise encapsulates the whole glyph and names the concept it represents. (D) She adds a label to one of the petals to refine
the design of the collection. (E) She matches the Country data column with the concept she created in the canvas. (F) After
having renamed the properties, she binds the category to the petal colour and the Spending level to the length of the petal. (G)
Finally, she chooses a function-of-the-rank colour constraint for her collection of points. (H) The final render shows all the
glyphs (one per country), with random variations for the stem colour and shape.

Creation workflow. The glyphs in Figure 3 represent data con-
cepts (negative thoughts). In systems such as Lyra, Data Illustrator,
and Charticulator, these concepts are introduced through bindings
between visual channels and data attributes [27]. This approach re-
quires a predefined data structure and tightly couples design to data,
limiting flexibility and making iterative changes difficult. Support-
ing design exploration requires more flexible workflows, including a
bottom-up construction [19], as in iVoLVER [20], partial or deferred
data mappings, as in StructGraphics [37] and DataGarden [22], and
generative approaches to glyph design, as in Diatoms [4]. Our goal
is to build on these ideas while enabling greater flexibility in struc-
turing and refining glyphs.

4 Designing data glyphs with Glyphaestus

Glyphaestus addresses the above challenges through three key
capabilities:

(1) Interactive composition and parametrization of hierarchical
glyphs, including nested collections and their associated
constraints;

(2) Flexible design workflows that support multiple construction
paths and iterative refinement; and

(3) Progressive conceptual modelling of glyphs in interaction
with data.

As shown in Figure 1, the user interface comprises a glyph con-
struction canvas (A), where designers can draw shapes, assem-
ble them into hierarchical glyph structures, and define visual di-
mensions of interest. Glyphaestus also provides panels (B, C) for

exploring and visualizing mappings between data attributes and
these dimensions. Central to the system is a collection viewer (D),
which enables users to configure the layout of sub-glyphs within
embedded collections and specify property constraints. In addi-
tion, Glyphaestus supports generative design by allowing users
to explore variations of a glyph, either driven by data or through
expressive randomization.

Ilustrative scenario. To illustrate how Glyphaestus supports
glyph design, we present a usage scenario (accompanied by a video
in the supplementary materials). The scenario follows Denise, a data
journalist preparing an article on public funding across G7 countries.
Denise wants to design an original visualization that enables readers
to compare the relative share of GDP allocated to different sectors,
such as transportation, environment, and education. Her dataset is
structured around Country, Category of Spending, Spending Level
(2025), and % Spending Change (since 2015).

Rather than using a conventional bar chart, Denise seeks a more
expressive representation inspired by the OECD Better Life Index
chart?. She decides to represent each country as a flower glyph,
where petals encode different spending categories through varia-
tions in colour and size. At this stage, she focuses on designing the
glyph itself—defining its structure and potential variations—before
binding it to data. She also wants to introduce controlled variability
across instances to avoid repetitive visual patterns. We now present
the main steps of her creation workflow.

2See www.oecd.org/en/data/tools/well-being-data-monitor/better-life-index.html
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Figure 5: The generic slider concept and a selection of four
property types: colour, continuous quantity, object and count.

4.1 Adding shapes and variables

Denise starts by sketching several candidate petal shapes and ex-
plores a radial collection layout to organize them (Figure 4A). This
allows her to compare alternatives and select a preferred design
while keeping others available for reuse. The radial layout was cre-
ated because the root is a point mark: in the interface, the collection
layout is selected based on the dimension (1D versus 2D) and the
type of the root (see Figure 6).

She then begins to parameterize the glyph by exposing visual
properties as interactive variables. She switches to the Design Space
mode, right-clicks on the glyph, and exposes properties such as
skeleton length and background colour (Figure 4B). Skeletons relate
to the notion of data-driven guides [12], allowing designers to con-
trol the size of freeform shapes. However, unlike straight guides,
skeletons in Glyphaestus can take arbitrary forms, defining a range
of variation along their path—for example, as the curved skeleton
of the purple petal in Figure 4B. As we discuss in Section 5, this
mechanism generalizes to collections, where arbitrary paths can
also serve as layout constraints.

Once exposed, properties become manipulable parameters, rep-
resented as interactive sliders directly on the canvas (Figure 4C). All
parameters share a unified representation (Figure 5), with inputs
and visual guides adapted to the type of visual variable. Because
these parameters are defined on a shape already replicated within
a collection, changes immediately propagate across all instances.
This enables Denise to explore variations of the glyph in context,
supporting both local refinement and global design exploration.
She then draws the stem and, to reduce visual repetition, exposes
its length and colour as parameters, introducing controlled random
variation across shades of green. She decides to switch back to
her previous petal design, using the menu to replace the collection
template. The collection retains all its geometric constraints while
updating to the new mark.

4.2 Adding semantics through concepts

Denise next assigns semantics to the glyph by defining it as a concept
of interest (Figure 4C), namely a “Country”. This step makes the
glyph self-descriptive and facilitates reuse. She then realizes that
the petals lack labels. She adds a label and anchors it to a single
petal within the collection (Figure 4D). Once anchored, the label is
replicated across all instances, reflecting the shared structure of the
collection. In Glyphaestus, elements within a collection share both
a common structure and a common design space (i.e., parameter
variations). We refer to them as belonging to the same type.
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Finally, she adds a label for the country itself. This label is in-
stantiated once per “Country” glyph and anchored to the collection
guide. To evaluate her design, Denise inspects the result in the
visualization view and further iterates to explore visual variations.
When no data binding is defined for a given exposed property, the
system chooses a random value from its slider range, different for
each glyph instance.

4.3 Data binding

Denise loads the dataset from a file into the data panel. To define
the grouping of rows, she drags the Country column and drops it
onto the previously created “Country” concept (highlighted with
an orange dashed border in Figure 4E). This action establishes a
mapping between unique values in the dataset and instances of the
concept-glyph: each “Country” glyph is now mapped to a unique
country value.

Finally, she links the Spending Level (2025) to the length of the
petal by dragging the corresponding column header onto the pa-
rameter slider (indicated by a blue dashed border, Figure 4F). For
clarity, she renames the associated parameters to better reflect their
semantic meaning.

4.4 TIterating on the design

Denise considers encoding the % Spending Change using the length
of a curve anchored at the tip of each petal. However, after sketch-
ing an initial curve, she finds the encoding difficult to interpret, as
the curve originates from different positions on each petal, mak-
ing comparisons challenging. To improve readability, she instead
creates a collection of points along the curve, using the curve it-
self as the skeleton of the collection. She exposes the Repetition
parameter and maps it to the percentage change. She also exposes
the points’ background colour, enabling her to experiment with
different constraints in the collection viewer (Figure 4G).

She ultimately selects a function-of-rank constraint, allowing
point colours to vary progressively from red to green (configured
directly through the slider gradient) as the number of repetitions
increases. Other types of constraints include random to introduce
variations, as used previously for the stem colour, all equal to link
all replicated glyphs for this property to the same value, and free
(no constraint, so the property values are set at design-time).

Denise finds that this encoding more effectively conveys de-
creases and increases in spending. She then generates the final
rendering using the visualization view (Figure 4H).

5 Glyphaestus’s conceptual framework

This section details the core concepts of Glyphaestus, including
glyph composition, visual property parametrization, and constraints.

5.1 Composition grammar

As in other visualization grammars [13, 34], we define glyphs
as compositions of one or more marks. A formal description of
Glyphaestus’s grammar is presented below, where we highlight
first-class objects in blue:

VisualElement :- Mark | Glyph | Collection
Glyph :- VisualElement |
anchor(parent: VisualElement,
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Figure 6: Strategies for arranging a collection of glyphs, each applying different constraints on their positioning (x, y) relative

to the coordinate system defined by the collection.

child: VisualElement, PropConstraint)
Collection :- repeat(VisualElement, PropConstraint)
| regroup(VisualElement+, PropConstraint)

Similar to PiCCL [34], but unlike most visualization frameworks,
our grammar supports the nesting of any type of visual element—
including collections—within a glyph. Glyphaestus provides three
primary operators for glyph composition: anchoring a child visual
element to a parent, repeating a visual element to create a collection,
and regrouping existing visual elements into a collection. These
operators enable the construction of hierarchies with arbitrary
depth. Composition operators can be combined with property con-
straints (PropConstraint), which act on the visual properties of the
contained marks.

This composition structure also supports remixing, allowing
users to anchor previously created glyphs or collections into new
designs. More generally, it enables an incremental and bi-directional
construction workflow: users can either build larger hierarchies
bottom-up through repetition and regrouping, or refine existing
glyph hierarchies top-down by embedding new visual elements.

5.2 Visual properties

All marks have a path and an origin defined with respect to reference
points, e.g., centre, top, and bottom. In addition, freeform marks
with closed paths have a skeleton, which defines their length and
shape, similarly to Data-Driven Guides [12], as well as their range
of variation (see Figure 4B). The system automatically computes
a skeleton from a closed path using its medial axis [5], although
users can override it by drawing their own.

Like other visualization authoring tools, Glyphaestus supports
common visual properties, including height, colour, position, angle,
offset, and cardinality, that is, the number of members in a collec-
tion. However, as glyph hierarchies grow, the number of available
properties increases rapidly. To manage this complexity, Glyphaes-
tus introduces an encapsulation mechanism: properties only become
manipulable variables once explicitly exposed by the user.

Exposed properties are reified as sliders (see Figure 5). Users
can define value ranges, interpolation types, or fixed values, and
later bind these variables to data. Sliders can also be used to specify
constraints between properties (see Section 5.4). Beyond serving
as controllers, sliders are first-class interactive objects: they can be
repositioned on the canvas and assigned meaningful names.

5 100 i

Variants container MylLength variations ~ MyColour variations

Figure 7: A container of three variants. The varying length
and colour are implemented differently across variants.

5.3 Variants, types, and concepts

A distinctive feature of Glyphaestus is its support for grouping
multiple variants of a mark (or higher-level element) to define
new categorical variables. Figure 7 shows an example with three
pictogram variants anchored on a circle. Users can expose additional
properties of the variants, such as colour and length, and specify a
variant-specific implementation of their variations. This mechanism
is analogous to encapsulation and method overriding in object-
oriented programming. As shown in Figure 1A, a “variant” property
can be exposed and manipulated through a slider like other visual
properties.

We define a variant container as a grouping of variants that
together define a type. Variant containers are interactive objects:
users can manipulate them on the canvas, anchor them to visual
elements or collections, and update them (e.g., by adding new vari-
ants). Glyphaestus further supports typing through naming: visual
elements sharing the same name are considered of the same type
and can belong to the same variant container or collection.

Finally, as discussed in Section 4, Glyphaestus introduces concepts
as a mechanism for attaching custom semantics to glyphs (or sub-
glyphs) prior to data binding. A concept is an interactive object in
the canvas containing a sub-glyph (or a collection) that can be linked
to a data column, such that each instance of the concept corresponds
to a unique value of the associated variable. For example, linking
the Country concept to a country column of the data (see Figure 4E)
causes each instance of the encapsulated glyph to represent a unique
country, grouping together all rows associated with that value.

5.4 Layout and property constraints

The path, reference points, and skeleton (when applicable) of each
mark act as snapping guides (points or curves) that facilitate in-
teraction. They also serve as guides for anchoring elements and
laying out collections. For example, a collection can be arranged
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along the periphery of a circle (as in Figure 1) or along the skeleton
of a freeform shape.

Glyphaestus provides a dedicated view for configuring layout
and other collection constraints (see Figure 1D). Inspired by Time-
Splines’ lens view [21], it presents a linearized representation of
the collection and offers interactive controls for specifying spatial
constraints. Figure 6 illustrates layout configurations supported by
Glyphaestus, largely based on principles of persistent alignment
and distribution [6].

Constraints can be applied to any visual property of a collec-
tion, not only position. Glyphaestus supports three types of con-
straints: (i) equality, as in Charticulator [26], StructGraphics [36],
and PiCCL [34], (ii) random, and (iii) function-of-rank (see Fig-
ure 4G). The latter enables, for example, expressing proportional
relationships between visual properties, such as the sizes of the
circles @ in the lollipop glyphs shown in Figure 2c. This approach
bridges visualization authoring with procedural design systems
such as Para [9].

5.5 Visualization generation

Glyphaestus focuses primarily on glyph construction rather than
complete visualization authoring. As such, it currently provides
limited support for global layouts and interpretive elements such as
legends, while axes are only partly supported. Instead, it provides a
view for displaying variations of a designed glyph on a grid (see Fig-
ure 4H), either driven by a dataset (when data bindings are defined)
or by random sampling based on the glyph’s parametric design,
i.e., its property constraints and the ranges of exposed properties.
This view enables designers to explore the space of variations and
evaluate their designs.

5.6 Implementation details

Glyphaestus is implemented in C# using the Microsoft .NET frame-
work. Freeform marks are modelled as Bézier curves. To derive
their skeleton, we compute a medial axis using an implementation
by Steenkamp? of the algorithm by Choi et al. [5]. We then place
deformation handles along the skeleton and compute weights using
Bounded Biharmonic Weights [10] via C#-C++ interoperability.

6 User study

We conducted a preliminary user study to evaluate whether new
users can develop a functional understanding of Glyphaestus’s
glyph composition and variation framework, and how the inter-
face supports (or hinders) their design workflow. The study was
structured as a visualization reproduction study [27].

6.1 Method

Participants. We recruited 14 participants (5 men, 9 women) from
our university campus, with diverse backgrounds in graphic design
and data visualization. Three participants reported academic train-
ing in graphic design and four reported professional experience;
six reported casual practice, and one reported no prior experience.

In terms of data visualization, six participants reported academic
training, three reported professional experience, while two reported

3https://github.com/FlorisSteenkamp/MAT
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no prior exposure. Eight participants reported having previously
designed data visualizations (four rarely, two occasionally, and two
frequently). Most participants were familiar with Adobe Ilustrator
(9/14). Some mentioned Figma (3/14) and Canva (3/14). For data
visualization, they reported using Excel (10/14), Tableau (4/14), D3
(5/14), and R or Python (7/14), with varying levels of frequency.
Two participants (P7 and P13) reported professional level on both
design and data visualization.

Apparatus. Participants interacted with Glyphaestus on a Dell
laptop running Windows 11. They were also provided with pen
and paper for sketching. We recorded screen activity and audio
throughout the session.

Task and procedure. Participants first completed a background
questionnaire, followed by a guided tutorial presented by the exper-
imenter. The tutorial introduced the core concepts of Glyphaestus,
including parameter exposure, design space exploration, and hier-
archical composition. These concepts were illustrated through the
construction of a simple grouped bar chart based on a government
spending dataset. Participants were then given a dataset inspired
by a visualization by Andy Kriebel (see Figure 3), consisting of
“thoughts” described by four attributes: inward/outward, intensity
(ordinal), topic, and location. As a preparation task, participants
were asked to sketch a possible visual representation on paper. This
step ensured familiarity with the data and encouraged independent
reflection on potential encodings and groupings.

In the main task, participants were asked to reproduce Kriebel’s
visualization using Glyphaestus. This involved constructing glyphs,
such as the concentric circles, exposing and adjusting parameters,
such as size and colour, and matching the overall visual structure.
Participants then loaded the dataset and established mappings,
including grouping by the inward/outward attribute. Participants
were further asked to extend the design by adding pictograms
within collections using the variants construct, and by recreating
stacked circle arrangements. If time permitted, they implemented an
additional encoding of intensity using a collection of dots, inspired
by designs found in Dear Data, such as the examples in Figure 2.

Sessions were conducted with a think-aloud protocol. The ex-
perimenter intervened when participants were blocked or engaged
in prolonged ineffective actions.

6.2 Results

We analyzed audio transcripts alongside screen recordings, focusing
on themes reflecting the system’s key concepts. We report points
of success, areas of confusion, and key limitations identified by
participants. Study instruments and detailed data from the study
are available at https://osf.io/b4re7.

Assembling marks and exposing properties. Participants under-
stood the relationship between the glyph design inside the canvas
and the global visualization, successfully grouping marks and using
collections to reproduce target designs. Exposing visual variables
through sliders was perceived as particularly intuitive. P13 and P14
appreciated the fact that properties become manipulable objects: “I
really liked having the slider as something persistent that you could
manipulate as any object” (P14).

However, sliders could became difficult to locate on the canvas,
requiring navigation through pan and zoom. P1 and P3 suggested
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improvements such as adjustable slider length for custom precision.
P13 also noted that the canvas could become visually cluttered
(with elements “like green handles and red outlines”), suggesting
that some elements may not need to be constantly visible.

Graphics-first design approach. Participants appreciated the abil-
ity to design glyphs independently of data. P4 stated that “graphics
then data binding makes much more sense.” While P7 typically starts
with data, the participant explained that “starting with graphics let
me define my own shapes, not prior to linking but in parallel, going
back and forth from the data to the marks.”

Similarly, P9 and P10 valued being able to make functional de-
signs and test variations without relying on data values: “I needed
to test the circle design to check that they [the two circles] were not
overlapping, I have to do this back and forth but no data is necessary
at this stage” (P10).

Defining concepts and binding data. While participants found
Concepts useful (“Give meaning, it makes sense” (P5)), several (P4,
P6, P9, P11) initially struggled to understand their role, particularly
in relation to collections. During this step, the experimenter inter-
vened to assist P4 and P9. As P11 noted, “I was confused [...] but
then I got it and I like the fact that you can nest concepts, I found this
very logical and useful.” P11 also liked the possibility to make data
bindings by dragging data columns to defined concepts, whereas
P12 emphasized “the flexibility to be able to go back, unlink, trying
different groupings.”

Design-iteration workflows. Participants valued the flexibility
of the workflow, including the ability to revise mappings and com-
positions without having to restart from scratch. They explored
multiple construction strategies. While most followed a bottom-up
approach when creating variant containers by gathering pictograms
already present in the canvas, others (P2, P6, P13) adopted a top-
down strategy by first creating a single variant and anchoring it to
a glyph, exposing is as a parameter, and later refining it by adding
pictogram variations.

Some participants used variants to encode intensity through
repeated elements (dots), instead of using collections, indicating
alternative interpretations of the system’s constructs. P10 high-
lighted the system’s expressive potential: “I foresee a lot of potential
to go very far following my imagination.” On the downside, P13
(professional designer and visualization expert) regretted the lack
of support for managing parallel design alternatives, such as the
use of artboards in tools like Adobe Illustrator or Affinity Designer.

Recurring issues. A common difficulty of all participants was
reproducing the triangular layout of Kriebel’s visualization (see
Figure 3), as the system’s version used in the study did not pro-
vide built-in support for this layout. Most participants attempted
workarounds, such as drawing a zig-zag curves to serve as a guide
for nested collections of glyphs representing negative thoughts;
however, such strategies often did not yield the desired outcome.
We discuss how we address such layout definition challenges in the
following section.

7 Discussion

The study results suggest that Glyphaestus supports alternative
design paths but also reveals challenges in achieving precise designs
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Figure 8: Reconstruction of A. Kriebel’s visualization (see
Figure 3), using a guide of parallel lines within a triangle.

and managing layouts of nested collections. While several authoring
systems provide algorithmic layouts [29], these are often hard-
coded and difficult to reconcile with direct-manipulation concepts.
A key challenge for systems such as Glyphaestus is therefore to
support more expressive layouts while preserving their underlying
interaction principles.

Figure 8 presents our post-study implementation for reconstruct-
ing Kriebel’s visualization (see supplementary material). Our solu-
tion is to introduce marks in the form of discontinuous polylines, i.e.,
polylines whose segments are not connected. These marks are then
used as guides to distribute glyphs across multiple rows within a
nested collection, using Glyphaestus’s alignment and distribution
mechanisms (see Figure 6). This simple yet powerful idea gener-
alizes to discontinuous polycurves of arbitrary shapes, enabling a
wide range layout configurations for nested collections.

Figure 9 presents additional examples of glyph representations
created with Glyphaestus. Their step-by-step construction is pro-
vided as videos in the supplementary material. The first example
(a) demonstrates heterogeneous collections anchored to the same
parent (the lollipop stick), as well as functional constraints applied
to circle size. This configuration is challenging to express in existing
systems: even DataGarden [22], which supports tree-based struc-
tures of hand-drawn glyphs, cannot support either size constraints
or multiple nested collections (circles vs. small lines), where each
collection encodes a different data dimension.

The second example (b) shows nested collections with vary-
ing cardinalities (flower petals), which themselves contain sub-
collections of dots. This illustrates the use of deformable shapes
whose structure is not fixed within a collection: in contrast to Data-
Driven Guides [12], both the number of deformable elements and
the structure of child collections can vary, enabling multiple levels
of flexible, data-driven variation. The third example (c) is more
conventional, being reproduced by other visualization authoring
systems [26, 36]. It demonstrates how Glyphaestus can still be used
to express more structured visualizations as parametrized glyphs.

Lastly, Figure 1 presents a radial layout of rectangles and dot
collections combined with two distinct hand-drawn marks, repro-
ducing G. Lupi’s design for Week 8 (see Figure 3b). While Char-
ticulator [26] can support such flexible layouts through radial and
free-form scaffolds, its glyph editor does not allow collections to be
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Figure 9: Examples of glyph variations reproduced using
Glyphaestus: (a) Week 36 by G. Lupi, (b) Week 38 by G. Lupi,
and (c) Best Bookshelf by Tanyoung Kim, where a shelf of
books itself is a higher-level glyph with a nested collection.

embedded within glyphs and provides no support for combining
heterogeneous visual elements along the same scaffold.

Despite these results, several limitations remain. Designs involv-
ing freeform shapes or layouts often appear sketchy or imprecise.
While this may be appropriate for personal data visualization sce-
narios, it can hinder clarity in communicative contexts. As noted
in prior work [22], integrating interpretative elements such as axes
into freeform visualizations remains an open problem. Glyphaes-
tus does not address this issue, which we identify as an important
direction for future work. Finally, understanding the trade-offs of
different authoring workflows and assessing the usability of the sys-
tem would require a more comprehensive evaluation, for instance
through a comparative study or more open-ended design tasks in
which participants create their own glyph representations.

8 Conclusion

We introduced Glyphaestus, a visualization authoring system for de-
signing parametric, drawing-based glyphs that supports hierarchi-
cal composition, explicit parametrization, and constraint-based lay-
out. By treating glyphs as structured graphical systems, Glyphaes-
tus enables designers to progressively move from graphical con-
structions to data semantics, supporting flexible and exploratory
design workflows.

Our study shows that this approach facilitates alternative design
paths and encourages creative exploration, while also highlight-
ing challenges related to layout expressivity and precision. These
findings point to important directions for future work, including
richer layout mechanisms and improved support for balancing ex-
pressiveness with readability. More broadly, this work contributes
to bridging the gap between expressive, design-driven visualization
practices and formal visualization systems, and suggests a path
toward more expressive, design-oriented visualization authoring.
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