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Figure 1: Overview of Bonsai’s cultivation cycle. Players input natural language actions (e.g., "Start new fires"), triggering simi-
larity matching against existing paths. Novel actions generate new branches guided by the Guidebook. Authors asynchronously
review generated content in the Editor, accepting (+) or rejecting (-) branches. Accepted edits create new versions and update
the Guidebook with learned patterns (e.g., "Use only existing objects"), which inform future generation.

Abstract
Authors of LLM-based interactive digital narratives (IDNs) struggle
to preserve creative intent as player choices and real-time genera-
tion pull storylines in unpredictable directions. Existing frameworks
treat IDNs as static once published, limiting authors’ insight into
and control over the storylines that emerge from unexpected player
input in the wild. We propose cultivation: a design metaphor in
which LLM-generated branches are stored as persistent material for
authors to shape through iterative curation. Authors seed an initial
scenario; the system grows new branches in response to player
exploration; authors prune and revise what emerges, accumulating
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preference data that steers future generation. We demonstrate cul-
tivation through Bonsai, an IDN authoring tool, and complement
this design account with three simulated experiments showing that
learned preferences transfer to unseen scenes, are project-specific
rather than portable, and improve substantially when extraction
is structured around IDN authoring categories. This metaphor re-
frames human-AI creative collaboration: authors become gardeners,
tending ever-growing branches rather than constraining ephemeral
outputs.
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1 Introduction
Designers of interactive digital narratives (IDNs) must negotiate
a three-way tension between author, player, and system control
over the narrative’s direction [13, 20]. Imagine you’ve written a
sword-and-sorcery fantasy where the player must defeat a dragon—
but during playtesting, a player decides they’d rather befriend the
dragon than slay it. To stray from the author’s pre-defined paths
is impossible in conventional IDNs such as Choose Your Own Ad-
venture, but actively welcomed in LLM-based IDNs such as AI Dun-
geon [27]. LLMs grant IDNs the ability to improvisationally "play
along" to the player’s potentially unusual requests—but at a cost
to authorial influence. An author who dislikes the new branch
finds the LLM hard to constrain [26]; an author who would have
embraced it was never consulted.

Pure LLM improvisation instantiates divergent, parallel uni-
verses with no shared reality underneath. For authors, the gap
between their intent and realized player experience grows wider.
LLM stochasticity produces outputs that are neither stable nor
predictable—compounded by LLMs drifting, pulled by player tan-
gents and their own improvisation [1, 25]—which makes it difficult
for authors to anticipate what may emerge across playthroughs.
Steering through prompting alone is cognitively burdensome and
relies on brittle heuristics [31]. For players, an IDN that responds
differently to the same input every time undermines both the value
of replaying [22] and the social practice of sharing experiences
through retellings [6, 15]. Stochastic, unpredictable emergent con-
tent disposed after each playthrough undermines both author and
player trust in the system, including the choice poetics [21] the au-
thor constructs and the predictability of consequences experienced
by the player [29].

Existing authoring frameworks treat IDNs as static artifacts once
they are published, limiting authors’ insight into and control over
the storylines that emerge from unexpected player input in the
wild. As Kreminski and Wardrip-Fruin argue, generative systems
can be designed around either mining dynamics (disposable, on-
demand outputs) or gardening dynamics (persistent artifacts that
evolve through sustained engagement) [16]. Current LLM-based
IDNs largely follow mining dynamics, where playthrough content
is generated, consumed, and immediately discarded. We propose
cultivation as a gardening-oriented alternative design metaphor:
authors correct generations as they emerge through play, edits
accumulate as intent rules, and alignment with authorial intent im-
proves over time—shaping not only individual branches but future
improvisations.

We make four contributions:
(1) Bonsai, an IDN authoring tool instantiating cultivation through

four phases (seeding, growing, pruning, adapting), with anal-
ysis of how each addresses IDN authoring challenges;

(2) Cultivation, a design metaphor for LLM-based authoring in
which narratives remain live after publication, accumulating
design knowledge through use rather than calcifying at
deployment;

(3) Three simulated experiments probing edit-based preference
learning in IDN authoring;

(4) Design implications of the cultivation metaphor for author-
ing LLM-based interactive systems within and beyond IDN.

2 Related Work
Interactive digital narratives (IDNs) grant players what Murray
calls “the satisfying power to take meaningful action and see the
results of your decisions and choices” [23]. Yet player agency is
fundamentally limited by what different IDN authoring forms allow.
For example, conventional branching IDNs (e.g. those implemented
via Twine) disallow paths that were not explicitly pre-defined by
the author. As narrative complexity expands, it combinatorially
expands the number of paths an author must write [13], limiting
the degree of comprehensive player agency supported by the system.
Modular content structures like storylets enable easier refactoring
and emergent interaction design [17, 24], but still leave authors
solely responsible for defining the choices that lead to meaningful
progression.

LLMs offer a potential solution to these challenges through their
ability to improvise coherent responses to arbitrary player input.
Early systems like AI Dungeon [7] use LLMs to generate narrative
content on demand. Pure prompt-based generation introduces fail-
ure modes: models hallucinate [14], misinterpret inputs [18], get
derailed by player tangents [8], and lack understanding of narra-
tive structure [2, 25]. Yet even the generated content that works is
discarded after play, leaving authors with no mechanism to learn
from or act on what actually emerged.

To address consistency issues, recent systems impose additional
structure on LLM generation. Dramamancer combines modular sto-
rylets with authored preconditions that gate critical state changes
while generating narration and dialogue in real-time [28]. Orchid
uses upfront specifications to constrain narrative progression [30].
These approaches improve coherence, yet still require authors to
anticipate player choices and specify all constraints upfront, giving
authors no mechanism to correct what actually emerges across
playthroughs.

Beyond IDN, creativity support tools have explored author-
system alignment through preference learning from edits [9], edit-
based writing rewards [3], revision-focused interfaces [32], and
multimodal intent capture [4, 5]. These improve creative preference
alignment in solo creative writing, but none addresses the triadic
challenge of IDN authoring: balancing author intent, player agency,
and system behavior simultaneously, across multiple playthroughs.
No prior work has applied Kreminski and Wardrip-Fruin’s garden-
ing orientation [16] to IDN authoring with generative AI.

3 Bonsai: A Cultivation System
Bonsai is a web-based IDN authoring system built around culti-
vation: an authoring loop in which authorial intent emerges as a
byproduct of ordinary use. Bonsai comprises three components
(Figure 2): an authoring interface where authors write interactive
scripts and curate generated content; a player interface for natural
language interaction; and a generation engine that grows the nar-
rative by matching player inputs to existing paths or improvising
new branches, adding them to the live artifact. Unlike existing au-
thoring frameworks that treat IDNs as static once published, Bonsai
produces an artifact that evolves with author, player, and system.
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Figure 2: The Bonsai authoring interface showing a generated branch from player action "look around." The Editor (left) displays
markup with diff highlighting: yellow for LLM-generated lines, green for author edits to generated content. The Player panel
(right) shows the rendered story with natural language input. Versions panel (top-right) tracks all author and LLM changes
chronologically. The Guidebook (top-left) provides project-wide generation guidance.

The system uses Claude 3.5 Haiku for all generation tasks, selected
for its balance of creative writing quality and low latency.

Seeding from initial author content. Authors construct nar-
rative material using a scripting language based on Ink [11], a
widely-adopted markup language for narrative games used in nu-
merous award-winning titles [12]. Scripts are composed of scenes
and branches, which are pairs of conditions and consequences, e.g.
“if Alice eats the cake then Alice grows larger”. The language also
supports basic narrative control flow including state and scene
changes.

Growing from player interaction. When a player submits an
input, an LLM is used to fuzzily match it against existing branch
conditions within the current scene. If a strong semantic match is
found, the player is routed to the matching branch, experiencing
it exactly as written. Otherwise, the LLM generates a new branch
conditioned on narrative context and player input, which immedi-
ately persists to the artifact. Generations are strictly additive, and
existing authored content is never overwritten.

Pruning generated branches. Authors review generated con-
tent via a unified version history with attribution (“AI” vs. “author”).
In the authoring interface, freshly generated lines are highlighted
in yellow until they are edited by the author (highlighted in green)
or resolved.

Learning from author edits. When authors edit generated
content, an LLM extracts a natural-language author-intent rule
from the diff (e.g. softening a violent outcome produces “prefer
non-violent resolutions”). Rules accumulate in a visible guidebook
and guide future branch generation, so each author edit changes
how the artifact grows.

4 Design Journal
We implemented Bonsai through three months of first-person re-
search [19] informed by autobiographical design [10, 33], drawing
on our experience as IDN authors with published works each played
tens of thousands of times. We iterated on two narrative scenar-
ios with three exploratory testers from AI and creative writing
backgrounds (Figure 3).

Our first scenario, fireplace-expanded, is a bare-bones narra-
tive where the player sits by a fire and decides what to do next.
Its seed content contains two scenes (HOME and BIKE) and one pre-
defined path (if bike, then goto BIKE). Testers responded
positively to visible semantic-match confidence (e.g., matching
“look around for monsters” to “look around” at 85%). But when a
player entered an absurdist provocation, the system generated a
flat, deflecting response; rewriting that output into a more dramatic
consequence produced a useful guidebook rule (“Embrace conse-
quences: let player choices have real, sometimes painful results”).

Our second scenario, escaperoom, is a tiny puzzle game seeded
with two scenes (START and DESK). Unlike fireplace-expanded,
this project needed stronger constraints: generating new scenes
could break or distract from the puzzle goal. This tension led to a
“freedom” slider in guidebook settings, letting authors trade nar-
rative flexibility for puzzle integrity. The same project exposed
“vector similarity hell”: one compelling generated branch (a hidden
desk compartment) became over-matched to unrelated inputs until
authors manually pruned and corrected the surrounding branches.

4.1 Experiments
To complement our first-person design account, we ran three fo-
cused formative experiments across three IDN projects. We used
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Figure 3: Bonsai authoring and player interfaces showing two projects with different design approaches: fireplace-expanded
(left) is an open-ended exploration scenario, while escaperoom (right) is a constrained puzzle with defined objects and goals.
Note the contrast in their Guidebooks (top-left of each): fireplace-expanded accumulates open-ended dramatic rules, while
escaperoom builds constraint-heavy rules that preserve puzzle integrity.

an LLM-simulated author as a proxy for human judgment—a valid
stand-in for low-cost directional signal in early-stage design re-
search, though not a substitute for user studies. In each experiment,
a set of generated branches (train and held-out scenes) were rated
by a second LLM judge on a 1 (no alignment with author intent) to
5 (full alignment) scale under four guidebook conditions.

PREFERENCE STYLE

Condition train held-out train held-out

none (abs.) 3.17 2.31 3.97 3.22
style +0.33 +0.39 +0.42 +0.64
intent +1.83 +2.56 −0.61 0.00
wrong intent −0.86 −0.44 −0.72 −0.28

Table 1: Mean ratings by condition (1 = no alignment with
author intent, 5 = full alignment). The none row reports raw
scores; all other rows report change relative to none. Bold
marks the best value within each column.

Project specificity. Intent rules from the correct project sharply
lift preference alignment; rules from the wrong project actively
hurt (−0.44 held-out), confirming that cultivation memory should
default to project-scoped histories rather than shared rule pools.

Generalization. Intent rules lifted preference on both construc-
tion and held-out scenes, with a larger gain on held-out (+2.56 vs.
+1.83), suggesting curation accumulates reusable design knowledge
rather than merely patching local branches. Style rules produce the
largest style lift but a small preference lift, revealing a voice–intent
tradeoff: the seed script is an incomplete proxy for author intent.

Medium-aware extraction. Naive extraction nearly missed
world-constraint preferences (8% recovery). Extraction prompted
with IDN authoring categories (world, narrator, player interactions)
recovered them at 83%. What the system learns from edits depends
on the representational vocabulary it is given.

Twoworked traces illustrate how a single edit becomes a reusable
rule. In fireplace, rewriting a flat response to “talk to the fire”
into an absurdist escalation yielded: “escalate dramatically; give
elements with agency explicit opinions rather than leaving them
open-ended.” In escaperoom, deleting one clause from the “pick
the lock” response yielded: “Do not mention the absence of objects—
this inadvertently introduces new concepts.” The first captures prose
voice; the second captures an IDN-specific interaction constraint,
and the two require different extraction vocabulary to surface.

Early testing also revealed limitations in our initial branch-
management interface, which treated generated branches as sepa-
rate from author edits and caused review confusion. We redesigned
this into a unified version history with unresolved generated con-
tent highlighted in-context, making branch triage and pruningmore
legible. We also found that learning from approvals and deletions
produced noisy guidebook updates; only inline edits consistently
surfaced authorial intent.

Across these scenarios and probes, we found cultivation viable
but tension-filled. Seeding requires balancing openness and con-
straint (fireplace-expanded vs. escaperoom); growing and prun-
ing were intuitive; adapting remained the hardest phase. At its
core, cultivation reframes generation errors as expected material
for curation rather than as terminal failures.

5 Discussion
Cultivation’s central provocation is that an IDN need not be static
once published. Rather than treating a shipped narrative as a fixed
artifact that authors must fully specify in advance, cultivation keeps
the narrative live—accumulating design knowledge through use and
correction, shaped by the interplay between actual player behavior,
authorial curation, and system interpretation. The branching script
is not a means to a finished story but an artifact whose form reflects
its history of growth and pruning, much as a bonsai’s shape is
inseparable from the decisions made in tending it.
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This reframing suggests three design principles. First, additive-
only generation: the system only proposes new content, never over-
writing existing material, positioning AI as an apprentice learning
from authorial judgment. Second, self-limiting assistance: as au-
thored and accepted content accumulates, fewer player actions
remain undefined, reducing generation burden over time. Third,
distributed authoring over time: rather than requiring authors to
imagine the full possibility space upfront, cultivation makes author-
ship reactive—authors respond to what players actually do, and the
artifact improves through actual play.

Our experiments sharpen these principles. The failure of cross-
project rule transfer reinforces distributed authorship as situated:
intent is tied to a specific artifact and its evolving constraints. Im-
provements on unseen scenes support self-limiting assistance by
showing that curation produces reusable guidance beyond individ-
ual patches. The extraction gap reinforces that representational
choices in the authoring tool determine which forms of intent are
learnable—preference learning should be treated as an interaction
design problem, not only a modeling one. We also observed a voice–
intent tradeoff: intent rules occasionally reduced style consistency,
because the seed script is an incomplete proxy for author intent. For
co-creative authoring, explicit preferences can deliberately move
generations beyond the seed’s initial voice—a feature, not a failure.

5.1 Limitations
Cultivation redistributes authorial labor across time rather than
eliminating it. Persistence introduces fragility at scale: reviewmech-
anisms that work at dozens of branches may not hold at hundreds.
Preference accumulation faces the same tension: small edits pro-
duced noisy Guidebook entries, meaningful patterns only emerged
from edits with clear dramatic intent, and accumulated prefer-
ences risk calcifying into invisible constraints. Player interaction
preferences—governing which actions are possible, redirected, or
prevented—proved the hardest to extract and remain the most IDN-
specific open challenge. Finally, while advances in model capability
may reduce reliance on explicit preference mechanisms, the struc-
tural challenge of reactive, cross-playthrough authorial curation is
independent of model quality: a more capable model still generates
and discards, leaving authors with no mechanism to learn from
what players actually did.

6 Conclusion
In this paper we explored cultivation: a design metaphor for human-
AI collaboration in which AI-generated artifacts remain “live” after
publication, gradually accumulating design knowledge through au-
thorial curation rather than calcifying at deployment. Via the LLM-
based IDN authoring tool Bonsai, we demonstrated that treating
generated content as persistent, editable material reframes author-
ship: shifting effort from anticipating what might possibly emerge
from player-AI interaction toward curating what actually does. Be-
yond IDNs, cultivation suggests a broader orientation for creative
AI tools—one where the effort of correction is never wasted, and
the artifact accumulates the shape of its tending.
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