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Figure 1: Anime storyboarding proceeds mostly irreversibly, with some information added, some carried forward and refined,
and some selectively discarded. A malleable substrate allowing various intermediate representations supports this process.

Abstract

Creative practice is rarely fully formal. Even in highly structured
production settings, professionals routinely rely on incomplete en-
tries, deferred decisions, and exceptions to standard formats in order
to think, explore, and communicate. In storyboard authoring, such
deviations are not edge cases but part of the work itself. We present
ProConte, a user interface for Japanese animation (anime) story-
boarding that accommodates partialness and exceptions through
a malleable substrate and a set of coordinated interfaces. Devel-
oped in close collaboration with a professional anime director, Pro-
Conte supports unspecified timings, exceptionally sized frames
for expressive camera work, and unordered free-canvas frames for
tentative externalization. The director used ProConte to author
the complete storyboard for a 25-minute television anime episode,
and we conducted six two-hour lecture sessions in which he cre-
ated storyboards while explaining his process aloud. Together, the
episode production and lecture sessions provided complementary
qualitative evidence: the former situated ProConte in real-world
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production, while the latter made the director’s authoring process
more inspectable. These materials showed that, in this case, our
design supported progressive authoring in practice: ideas could
be externalized before they were fully specified, revisited later,
and developed across multiple semantically distinct stages without
premature commitment to a formal structure.
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1 Introduction

Creative work is rarely completely formal. Even in domains with
established production formats, creators often rely on incomplete
entries, deferred decisions, and exceptions to standard structures
in order to think, explore, and communicate. Such departures are
not merely irregularities around an otherwise orderly workflow. In
many cases, they are part of how creative work actually proceeds.

Japanese animation (anime) storyboarding provides a compelling
use case. In anime production, the storyboard, commonly called
E-conte, is a key pre-production artifact that translates a scenario
script into a specification for images, stage directions, dialogues,
timings, and camera work. Storyboard authoring, however, is not
merely a matter of completing that specification. It involves se-
lectively fixing some elements, deferring others, and occasionally
departing from the default format. Supporting such partialness and
exceptions requires more than a rigid form-filling interface. Instead,
creators need a shared, malleable “substrate”, or underlying repre-
sentation, that preserves intermediate and irregular states without
forcing premature normalization. Creators should be able to collab-
orate via a coordinated set of interfaces that offer different views
and interaction styles.

Our prior work introduced Griffith!, an integrated E-conte au-
thoring environment developed with anime professionals [8]. Pro-
Conte builds on Griffith to examine how coordinated interfaces over
a shared substrate can preserve partial and exceptional states as
authoring progresses. More broadly, research in creativity support
tools shows the benefits of letting users cross levels of abstrac-
tion [12], warns against premature commitment [3], and highlights
the role of external representations in reinterpretation and idea
development [21, 24]. Li et al. [11] argue that departures from in-
tended or normative use should not be treated simply as “incorrect
behavior”, but rather as reactions to the broader context of tradi-
tional practices, industry norms, and the tools themselves. This
raises an important challenge: How can tool designers balance the
creators’ desire to explore alternative representations with their
need to converge on a highly formalized production artifact? We
address this question through the design and study of ProConte, a
storyboarding tool that accommodates partialness and exceptions
through a malleable substrate and a set of coordinated interfaces:
the substrate preserves a shared representation even when tim-
ings are unspecified, frames are oversized, or ideas are tentatively
externalized, while the interfaces support work on that evolving
material across multiple linked modes of authoring.

We separate the paper’s evidence and contributions at three lev-
els. First, we report director-specific observations from an in-depth
participatory case, including the director’s ordering and appro-
priation of ProConte. The case-specific evidence does not estab-
lish usability across storyboard artists. Second, we characterize
domain-grounded requirements of time-coded storytelling media
and present a malleable substrate with coordinated interfaces that
supports intermediate representations while converging on a for-
mal E-conte artifact (Figure 1). These requirements include linked
script and storyboard structures, cuts, frames, camera directions, di-
alogue, timing, and print-oriented downstream use. Third, we offer
broader design lessons about which layers to commit first, which to

1 Griffith project website: https://research.archinc.jp/en/griffith/.
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leave partial, and how to preserve useful exceptions during progres-
sive authoring. We frame these lessons as analytically transferable
questions rather than universal interface prescriptions.

2 Related Work

Creative practice often involves transitioning through multiple
representations rather than authoring within a single, stable view.
Li et al. argue that creativity support tools should support move-
ment across levels of abstraction and across tools, thereby shaping
a different normative ground [12]. Storyboard authoring fits this
framing, but our focus is not only on movement between repre-
sentations. Instead, we ask how creators can work on the same
evolving artifact from multiple angles without resolving it too early
into a fully formal state. Prior work on anime storyboarding [8]
focused on understanding practice and bringing benefits of the
paper-based E-conte format into digital tools. This highlights the
need for tools that support progressive development and excep-
tion handling, where different creators can collaborate on partially
specified storyboards throughout the production process.

Interaction Substrates describe how multiple interfaces can op-
erate over shared material by defining the structure, constraints,
and dependencies of the material [14]. This view is compatible with
recent interest in malleable interfaces, where the goal is not a single
fixed interface form but one that can accommodate changing needs
and perspectives [16]. We are interested in applying this approach
to a domain in which the target artifact must remain open, with
uneven progress that may break the predefined format at different
points in the production process.

Systems such as QuickCut [23] and CARDINAL [15] also con-
nect distinct representations, but focus primarily on navigating
or interpreting linked representations rather than on authoring a
shared substrate. Other systems show that supporting expert work
on structured artifacts may also require temporarily relaxing the
structure itself: EuterPen selectively relaxes syntactic and structural
constraints in music notation editing [2], while Spreadsheets on
Interactive Surfaces enables direct manipulation on and through
the spreadsheet grid with pen input [1]. The challenge is how to
offer creators the ability to loosen these formal structures while
authoring a production-level artifact.

Existing practices and tools range from paper and digital systems
intended for E-conte authoring to systems developed for adjacent
domains. Paper offers immediate drawing and flexible margins,
but not linked identifiers, synchronized playback, or structured
revision carry-over. Griffith already compared E-conte authoring
with TVPaint, Storyboard Pro, and e-Conte Board, documented
Procreate being repurposed for storyboarding, and used presenta-
tion software such as PowerPoint as a familiar example of visually
sequencing a story along a vertical timeline [8]. More distant ex-
amples support other parts of audiovisual production: Scrivener
targets writers and scripts, StudioBinder targets film and television
production planning, and FrameForge constructs previsualizations
and storyboards from 3D sets, actors, and cameras rather than
hand-drawn frames.? Taken together, these comparisons show that
E-conte authoring crosses domains rather than fitting a single tool

2Official product information: Scrivener; StudioBinder; FrameForge.
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category. It therefore offers a compelling setting for studying real-
world creative work in which interdependent elements of writing,
drawing, camera framing, timing, layout, and previsualization are
progressively specified in a consequential order.

Early research on creativity support tools argues that interfaces
should support experimentation, exploration of variations, and
continuous progress evaluation [22]. More recent research with cre-
ative professionals suggests that such interaction strategies should
presume substantial expertise [6]. Work on creative misuse simi-
larly frames departures from intended use in relation to broader
normative ground rather than as mere error [11]. The problem is
how to design tools that do not force experts to consistently com-
ply with the formal E-conte logic until they reach the end of the
creative process.

Recent Al-supported storyboarding systems such as CineVi-
sion [26] and StoryEnsemble [20] expand opportunities to move
among representations by linking stages, maintaining consistency,
and accelerating iteration. These capabilities make it important to
ask not only how creators can move between stages or fill gaps
faster, but how such flexibility relates to convergence on a formal ar-
tifact. This question also matters because generative Al can increase
design fixation and reduce divergent thinking during ideation [25].

Shipman and Marshall’s incremental formalization describes
how an underlying representation can become progressively ex-
plicit without requiring complete structure upfront [19]. It concerns
the representation itself becoming more formal, not merely iterative
gains in fidelity. At a complementary level, Fischer et al. show how
users extend a seeded environment during use and later reorganize
and formalize its accumulated knowledge through reseeding [4].
This tool-level flexibility raises a related question: how can an au-
thoring environment help creators decide which holes in a shared
substrate to fill, which parts to commit, and when? Design-rationale
research and reflective practice further explain how reasoning de-
velops and becomes inspectable through action [17, 18]. The re-
maining design question is how coordinated interfaces can support
this order of commitment while preserving deliberate incomplete-
ness, domain-specific exceptions, and selective carry-over toward
a formal production state.

3 ProConte: Progressive Anime Authoring

We developed ProConte in close collaboration with a professional
anime director. Although the final E-conte storyboard follows the
industry-standard format and appears to be a highly formalized pro-
duction artifact, we discovered that the actual authoring practice is
much less formal than the finished format suggests. Rather than di-
rectly filling in a fixed template, the director moved across multiple
representations, selectively carrying some materials forward while
intentionally leaving others behind. We therefore developed Pro-
Conte not as a single form-filling editor, but rather as a malleable
storyboard substrate with coordinated interfaces that support stage
transitions, preserve openness where needed, and accommodate
exceptions that remain important in professional practice.

The shared substrate keeps script structure, drawings, camera
directions, timing, and auxiliary materials available without requir-
ing simultaneous finalization. The director begins the complete
authoring loop by importing and segmenting the script (Figure 1).
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He then elaborates linked cuts and frames through local editing
and sequence overview, uses separate camera and print frames for
camera work and exceptional layouts, and keeps unordered visual
material in a free canvas. He finally specifies timing while preview-
ing the evolving board, including frames whose timing remains
unspecified. The following subsections present the interfaces in this
case-specific order and identify the production problem to which
each responds. Within each subsection, we distinguish the direc-
tor’s ordering and appropriation from requirements of the E-conte
artifact; broader implications are developed in the Discussion.
The present case begins with a scenario script, although some
anime productions adapt manga. The director explained that manga
panels can serve as visual references and may sometimes be delib-
erately echoed for readers, yet they are not ready-made E-conte
frames. In his account, adaptation teams select, omit, compress, re-
order, or add material under runtime constraints, then stage retained
panels and added scenes as time-based shots. A useful extension to
ProConte would link script context to corresponding source panels.

3.1 From Script Reading to Script View

The first design issue appeared at the transition from script reading
to storyboard authoring. Before using ProConte, the director read
the scenario script in an external PDF annotation tool, imagining
scenes and making rough sketches while following the text. He
did not use these sketches in later stages because he wanted to
maintain a fresh perspective and see the material from the viewer’s
perspective.

This suggests that some experts may not want to preserve all
intermediate traces. What mattered here was not the complete
transfer of prior materials, but the ability to move to the next
stage while keeping the process malleable. A lightweight way of
optionally bringing such sketches back, for example by pasting
them into the later free canvas (Section 3.5), remains a promising
direction for future work.

What ProConte does carry across this transition is the entire
script in plain text. This copy-and-paste step may appear trivial,
but in practice, it plays an important role. His previous workflow
involved copying and pasting the script excerpts one by one, while
the director added drawings, considering text and visual repre-
sentations at the same time. ProConte instead uses a text-based
representation that lets the director postpone visual commitment
and work on segmentation before drawing.

3.2 Script View: Structuring Before Drawing

ProConte thus includes a script view for structuring the as-yet-
unvisualized storyboard. It lets users insert and revise cut and
frame boundaries while focusing on textual flow. This resembles
QuickCut [23], a text editor linked to speech transcription that
coordinates lightweight editing with another representational layer.

However, unlike prior work focusing on editing completed repre-
sentations, our approach to text editing does not assume an already
completed counterpart. The director preferred to progressively
build up the artifact by first stabilizing its plain-text organization
and only later adding drawings and camera work. This design deci-
sion reflects a broader principle that recurs throughout the system.
When a creative artifact is still full of “holes,” it can be beneficial
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to let the user focus on one representational layer at a time, rather
than forcing the early integration of all layers. Rather than disap-
pearing as preprocessing, the segmented text remains a revisable
scaffold as other layers are added.

Even at this stage, however, “plain text” was not truly plain. The
director sometimes needed to indicate vocal qualities such as shout-
ing, as well as exceptional textual elements such as onomatopoeia,
through changes in font size, style, and color. For this reason, script
view supports rich text rather than raw text. This is a small but
important example of the argument of this paper: even when a
workflow appears text-based and regular, professional practice may
still require local departures from a uniform representation.

3.3 Editing and Overview: Elaborating Sequence

After segmentation, authoring proceeds through repeated move-
ment between local elaboration and global inspection, a pattern
described as “view-shifts” [5] and already reported in prior work [8].
ProConte supports this stage with a main view for concentrated
work on individual cuts and frames and an overview interface for
inspecting the sequence as a whole, reconsidering the broader flow
of the episode, and revising the unit structure itself by splitting cuts
or merging them when a different granularity becomes necessary.
Unlike in prior work, the already segmented text was carried over
from the script view. The director elaborated it in the editing inter-
face by attaching drawings to existing lines and further extending
them with camera directions.

Throughout authoring with the editing and overview interfaces,
details are added progressively. Text usually comes first, functioning
as a scaffold for later additions. Drawings are attached to this textual
structure, and camera work is added on top of the drawings. Only
at this point does a more quantitative sense of duration begin to
emerge, though the work is still not reduced to explicit timing
values. The focus remains on the felt quality of motion and sequence
rather than on assigning final durations. Local and global shifts
thus layer decisions onto an incomplete structure rather than filling
a fixed form at once.

3.4 Editing for Print: Formal Layout with
Built-In Exceptions

Camera work shows the limits of the default printed format. A hor-
izontal pan, for example, cannot be represented simply by drawing
a sequence of frames of fixed size. Instead, it is often better repre-
sented as a larger underlying sketch with an overlaid camera frame.
This led us to design the editing interaction around the relation
between a drawable image area and a separate camera frame.

From a pragmatic perspective, the printed storyboard format still
matters, because the storyboard ultimately serves as a document
for directing animators and other experts in the production process.
The sequence of frames stacked vertically in the editing interfaces
therefore remains close to the printed format, except that it does
not include pagination for printing. This requirement exposed a
deeper design issue. In printed E-conte, image areas and text areas
are organized in a highly regular page structure, yet professional
practice repeatedly demands exceptions to that structure.

To accommodate such cases, ProConte supports image regions
that can expand horizontally and vertically beyond the default
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unit frame while remaining compatible with the printed layout. As
shown in Figure 2, this is handled through the same layout logic
as the printed format, together with the notion of a print frame in
addition to a camera frame.

From a design perspective, the interface could not treat the
printed storyboard simply as a static template to be filled in. It
had to support exceptional uses of space within the printed layout,
something closer to a grid whose cells can sometimes be merged,
stretched, or partially violated.

3.5 Free Canvas: Out-of-context or Global Notes

Another challenge in the director’s workflow concerned notes,
reminders, and reference materials. He wanted to jot down ideas
that did not fit neatly into the storyboard fields and to keep global
references such as character settings information nearby. On paper,
he handled such information by breaking the printed form itself, for
example by sketching over regions reserved for text, or by spatially
arranging reference materials around the paper on the desk. In this
workflow, these were practical ways of managing context that the
formal artifact alone could not contain.

Guided by the director’s tacit knowledge, we reinterpreted rather
than replicated these paper exceptions according to representa-
tional strengths: searchable textual deviations remain rich text,
while a free canvas holds open-ended visual notes and references.

The free canvas is implemented as drawings attached to cuts that
do not belong to the ordered storyboard sequence. It functions like
a pinboard or floating notebook that can remain available across
stages. Individual drawings can be shown or hidden at any time.
The director used out-of-frame notes for context-specific remarks
that belonged near a particular cut (described as “margins” [5]),
while using the free canvas for less context-dependent notes and
references that should remain available more globally.

3.6 Timing Specification: Closing the Last Hole

Even after the text, drawing, and camera work have been progres-
sively elaborated, explicit timing is still missing. The director filled
this hole so that the embodied sense of pacing would fit the fixed
runtime of approximately 25 minutes for a television episode. Pro-
Conte supports this process with a stopwatch tool, timing statistics,
and timing hints shown next to the frames.

© Tall frame for vertical pan
- Normal width, double height T
- Text columns also span two rows

@ Wide frame for horizontal pan © Large frame for complex camera work
- Double width —, normal height - 1.5x normal width |—, double height T
- Text columns wrap to the next row - Text columns wrap to a third row

Figure 2: Examples of exceptional storyboard layout in Pro-
Conte where image regions expand to push text areas.
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For this director, the ordering mattered. Rather than treating tim-
ing as a parameter to be assigned from the beginning, the process
lets the temporal structure emerge gradually from prior textual deci-
sions (the order of events, with implicit timing sometimes estimated
from the length of the dialogue), visual decisions (who appears in
each scene and in what kind of composition, with implicit timing
sometimes estimated from visual complexity), and camera-related
decisions (what kinds of actions are performed, which also carry
implicit timing information). Here again, the apparently formal fi-
nal artifact concealed a process in which different kinds of decisions
became fixed at different times.

The previsualization tool that plays the storyboard as a video
is available across stages, and it plays frames without timing in-
formation using a default duration. This lets the director preview
rough timing before using the timing view and revisit explicit frame
timings. Together, these interfaces make formalization gradual by
staging commitments while preserving selective carry-over, layout
exceptions, and material outside the main sequence.

4 Discussion

We combine the completed episode, six think-aloud lecture sessions,
and interaction traces as complementary within-case evidence and
creative activity traces [10]: the episode establishes production
deployment, while the lectures make the director’s choices more
inspectable. The episode board contains 1,036 final frames—38 ex-
ceptional (3.7%)—plus 320 non-final frames retaining timed drawing
objects; the lecture board contains 416 final frames, including seven
exceptional frames (1.7%). Together with two representative tra-
jectories, these traces show recurring exceptional and non-final
states, revisitation, and backward movement. Appendix A reports
methods and caveats; these measures are process indicators, not
prevalence estimates.

4.1 Progressive Authoring Beyond Iteration

Interaction Substrates provide a useful account of how multiple
interfaces can operate over shared material through structure, con-
straints, and dependencies [14], but do not address how authoring
unfolds over time when different parts of an artifact should become
fixed at different moments. Our case suggests that the issue is not
only how views stay coordinated, but also how interfaces support
staged commitment. We use progressive authoring to describe this
process: the work does not proceed by repeatedly refining one
stable representation, but by moving across semantically distinct
stages in which some decisions are stabilized, others remain open,
and some traces are selectively not carried forward. In script view,
segmentation becomes stable before drawing; in the editing and
overview interfaces, text remains as a scaffold while images and
camera directions are layered onto it; timing is often closed last,
yet rough preview remains possible beforehand.

This matters because professional production should not be ide-
alized as unconstrained creativity. In commercial animation, time is
money, and more elaboration does not necessarily produce a better
result. Professional creators routinely work through compromises,
so a useful interface must support neither rigid early formalization
nor endless exploration, but practical movement between temporar-
ily useful states.

UIST 26, November 02-05, 2026, Detroit, MI, USA

Our interviews suggest that this issue extends beyond story-
boarding. A screenwriter described beginning with relatively stable
later acts and working backward, while a comic artist treated plot
construction as a distinct stage and warned that an exciting scene
can become a “branch” without a strong “trunk.” These accounts
motivate the order of commitment as a question for neighboring
creative domains; Section A.4 provides context. Future tools might
support low-commitment work on premises and large-scale struc-
ture while retaining scene ideas for later retrieval.

4.2 Malleable Substrates for Formal Artifacts

When digitizing an analog production practice, it is tempting to
begin from the final format and reproduce its visible structure. Prior
work on anime storyboarding showed that this is insufficient: what
mattered was not only replacing pen and paper, but also accounting
for the broader working environment, including auxiliary tools
such as a stopwatch [8]. Our use case suggests that even this is not
enough. If designers attend only to the apparent formality of the
finished artifact, they risk missing how analog practice actually
uses partialness, exceptions, and format-breaking material during
creation. What may generalize is not a prematurely unified sub-
strate, but a more precise account of the specific kinds of non-final
and irregular states that expert work depends on.

This has direct implementation consequences. A malleable sub-
strate cannot be realized simply by making everything equally
editable. For professional work, it must preserve the formal struc-
ture required for downstream production while also representing
non-final and irregular states. Which irregular states remain ac-
ceptable is stage-specific: in professional anime colorization, even a
single unpainted pixel can require a costly retake, making such gaps
defects to eliminate rather than provisional states to preserve [9].
In our case, these include unspecified timing, deferred visual detail,
expanded frame regions, rich-text deviations, and unordered side
materials. More generally, the design approach should not seek
to remove constraints, but identify the specific aspects of expert
practice that need computational support.

For interaction designers, this suggests three practical lessons.
First, treat incompleteness as a valid working state rather than an
error to resolve immediately. Sensible defaults can keep null states
usable; for example, ProConte’s previsualization tool plays untimed
frames using a default duration. Second, data models should sup-
port reinterpretation, not only fixed functions. Reusing a data type
can accommodate an adjacent practice; in ProConte, unindexed
storyboard frames function as a free canvas. Third, systems can
preserve visual formality while allowing structured spatial irreg-
ularity. Exceptional image regions can push neighboring regions
while remaining precise integer multiples of the normal unit.

4.3 Limitations and Theoretical Implications

The single-director design bounds the claims to an analytically
rich case rather than representative usability evidence. The direc-
tor’s long production and teaching experience provides unusually
reflective access to expert practice, but other storyboard artists
may order commitments differently or appropriate the interfaces in
other ways. The lecture setting also makes reasoning inspectable
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under conditions that differ from ordinary independent produc-
tion. Future evaluation with a broader range of practitioners must
determine which benefits remain robust across workflows.

We distinguish what this case supports at three levels. Case-
specific observations include this director’s ordering, alternatives,
and uses of ProConte. Domain-grounded requirements concern the
separate script and storyboard artifacts, cuts and frames, camera
and dialogue information, timing, and print-oriented downstream
use of time-coded storytelling media. These are requirements of
the E-conte artifact and its downstream production use, rather than
preferences specific to this director. The case shows how they shape
interface design, but does not establish that all storyboard artists
handle them in the same way. Broader design lessons concern an
extension to interaction substrates: coordinated interfaces must
manage not only shared material but also when its layers become
committed, which exceptions remain usable, and which traces carry
forward. Prior work shows that conventions can both structure and
constrain creative work [11]; our case makes the temporal ordering
of such commitments visible. We therefore offer partialness, excep-
tions, and staged commitment as questions for designers of formal
creative-artifact tools, not as a universal interface pattern.

Such distinctions matter because claims of generality rest on of-
ten implicit assumptions about which people and practices count as
representative, and which research problems enter the literature. Re-
search on WEIRDness makes one such bias visible: CHI participant
samples disproportionately represent Western societies [13]. Any
claim of generality still requires justification, regardless of cultural
setting. Research agendas introduce another filter: publication and
evaluation norms in technically oriented computer science can priv-
ilege technological novelty, leaving culturally grounded knowledge
such as anime production underexplored [7]. We hope this distinc-
tion offers one possible template for accumulating knowledge from
culturally grounded HCI case studies: explicitly distinguish case-
specific observations, domain-grounded requirements, and broader
design lessons whose transfer remains to be examined.

5 Conclusion

Anime E-conte authoring must produce a formal visual and tempo-
ral specification while creative decisions remain partial and revis-
able. We presented ProConte, developed with an anime director and
used to storyboard a 25-minute television episode. Production and
lecture materials showed how coordinated interfaces over a mal-
leable substrate supported progressive authoring in this case. These
findings suggest a domain-grounded approach to authoring formal
production artifacts without treating every hole or exception as an
error requiring immediate resolution. We offer director-specific ob-
servations, domain-grounded requirements, and broader questions
about staged commitment; studies with other storyboard artists
should examine how these findings transfer across workflows.
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A Case Study Materials and Analysis

This appendix provides methodological detail for the case study
summarized in Section 4. The materials ground the discussion of
progressive authoring and malleable substrates for formal artifacts.

A.1 Collaboration and Episode Production

Building on Griffith [8], we developed ProConte through partici-
patory collaboration with a professional anime director in Japan
while he used the system in practice. The director reported contin-
uous storyboard-authoring work since 1993, or approximately 33
years of professional experience at the time of submission (March
2026). His workflow and our observations of how he adopted and
adapted the tool informed iterative design and implementation. He
subsequently used ProConte to author the complete storyboard for
a 25-minute television anime episode, providing evidence of real
production deployment within this single case.

A.2 Lecture Sessions

To better understand the director’s practice and how ProConte
supported it, we asked him to conduct a series of online lectures
on storyboard authoring for professionals in the anime industry
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who are interested in the storyboarding process® (Figure 3). He had
substantial prior teaching experience: he reported giving internal
direction lectures as early as around 2012, during the production
period of Gargantia on the Verdurous Planet, and later teaching
at multiple studios including Yokohama Animation Lab, MAPPA,
and Kinema Citrus. He additionally reported teaching perspective
lectures through JAniCA, a Japanese non-profit organization for
anime creators, beginning in 2015.

The director created storyboards while explaining his process
aloud during six lecture sessions of approximately two hours each.
The completed episode documents real-world use, whereas the
lectures make decisions, deferrals, revisions, and exceptional exter-
nalizations more inspectable in a teaching setting that differs from
ordinary production.

We combined lecture transcripts and the resulting board with
director-attributed interaction logs and persisted canvas-object
timestamps. We restricted logged events to the storyboard owner/di-
rector on the six lecture dates, then associated them with frames
using frame selections, local-to-canonical save mappings, and per-
user active-frame state. We identified transcript passages where
the director verbalized deferral, comparison, or commitment and
checked their dates and sequence against logged frame selections,
drawing activity, and current frame states. We report representative
trajectories rather than coding frequencies for reasons or intentions.
The completed-episode analysis excludes later inspection events
and examines current storyboard structure and persisted object
timestamps. These records reveal retained states but not historical
deletion times or the intent behind every revision.

A.3 Trace-Informed Case Evidence

The completed episode contains 336 production cuts and 1,036 final
frames, including 38 exceptionally sized frames (3.7%). The 830
frame records in non-final clips or the system’s Trash include 320
frames that retain 64,243 timed drawable objects, or 17.5% of all
timed objects. Those objects account for 8.43 hours of summed

3Storyboard lecture playlist: https://www.youtube.com/playlist?list=PL-5luj-qf3-
CHSvmve7AW79J4MNS7-7Ne.

iPad screencast of ProConte

Figure 3: Recorded setup used in the storyboard lecture. The
lecture was live-streamed for animators, and the screen com-
bined an iPad screencast of ProConte with a top-down camera
view of the hands and pen.
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object duration (20.4% of the total). Drawing timestamps span 52
production days; 36 of those days include activity across multiple
storyboard files, and 13.8% of adjacent frames in first-drawing order
moved backward relative to final episode order. The object records
reflect the currently persisted state rather than user-attributed
telemetry. Copied objects can duplicate timestamps, and summed
per-object duration is not labor time.

The lecture board contains 119 production cuts, 416 final frames,
132 frame records in non-final clips or the Trash, seven exceptional
final frames (1.7%), and seven Free Canvas frames; one Free Canvas
frame retains 49 timed objects from an observed session. Our anal-
ysis associated 29,236 of 29,676 logged director drawing actions
with 351 frames. The logged activity shows that 233 frames were
revisited in non-contiguous runs and 70 on multiple observed dates.
Transitions between finalized frames moved backward in final order
18.4% of the time. The measures exclude events not attributed to
the director and later openings of the board.

Two trajectories illustrate how verbal and trace materials com-
plement each other. The director repeatedly described the park
layout, character routes, and poses as tentative early in the process.
He explored paths around a slide on April 2, rejected an overhead
view because it would distance the viewer from the action, and nar-
rowed the chase into concrete screen direction and road-and-alley
blocking. The records from that date show drawing activity across
the umbrella catch, reverse traversal of the slide, retained umbrella,
and alley chase. The director created alternative camera distances
on March 12 and deferred selecting among them. He tried reversed
cat-and-bag angles on March 20 and explained how low camera
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position and action simulation affected readability. One finalized
frame from the cat-and-bag sequence was selected or edited across
four observed dates, appearing in seven non-contiguous event runs
with 502 logged drawing actions. The traces establish return and
revision, while the verbal account supplies the situated reasons;
neither establishes that another director would make the same
choices.

A.4 Cross-Domain Conversations

To aid interpretation of the storyboard case, we also conducted
two brief informal conversations with professionals in neighboring
creative domains. Because these exchanges differed substantially
in medium, language, and context, we do not treat their scale as
directly comparable; one contribution came from an approximately
10-minute segment within a broader two-hour recorded discussion,
while the other consisted of a several-hour asynchronous text-based
exchange totaling roughly 5,000 Japanese characters.

One was a screenwriter in France with film-school training and
a research background that included work on a UNESCO graphic
novel about Al literacy. The other was a Japan-based manga artist
whose work since a 2018 commercial debut includes two collected
volumes, French and Italian editions, and short-form publications.

These conversations were not intended to validate the specific
interface design of ProConte. Instead, they served as a limited
source of triangulation by helping us assess whether issues such
as non-linear development, selective carry-over, temporarily off-
format materials, and staged commitment also arise in related forms
of creative practice.
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