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Princess Name Once upon a time, in the enchanted kingdom of Eldoria, there lived a remarkably brave princess named Seraphina.
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This bold princess had an insatiable love for adventures and a deep bond with her magnificent dragon companion,
Ember. With shimmering emerald scales and fiery breath, Ember was loyal, gentle, and protective.

One day, the tranquility of Eldoria was threatened by a fearsome sorcerer known as Malakar who sought to conquer
Eldoria and bring the magical realm beneath his tyrannical rule. His menacing presence cast fear into the hearts of
its inhabitants. Despite her father's urgent warnings, Princess Seraphina, determined not to cower, decided with
Ember to valiantly protect their beloved home.
In the silver glow of a moonlit night, they soared toward Malakar's formidable fortress. Within its foreboding walls,
i perilous and cunning traps. The might of Ember's blazing flames and Seraphina's
indomitable spirit broke through these defenses, bringing them face to face with the sinister sorcerer in a climactic
confrontation.
Armed with unyielding courage and Ember's fierce power, they clashed with the evil sorcerer. After an intense
battle, they emerged victorious. Seraphina and Ember returned to their kingdom as celebrated heroes, their tale
eternally woven into Eldorian lore, continuing to inspire future generations as the kingdom flourished under their
vigilant protection.
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Fig. 1. User interface of PromptCanvas. (A) Canvas-like workspace where users can place and freely organize widgets to create a
customized environment. (B) Widget panel. (b1) Example of widgets created through system suggestions. (b2) Button to get widget
suggestions from the system. (b3) Field for entering prompts to create multiple widgets of a specific theme. (b4) Example of an empty
widget created by double-clicking at empty space. (C) Text editor and output of text generation. (c1) Button to rephrase the text based
on the widgets on the canvas (light blue). (c2) Field to provide prompts for generating text. (D) Example of an opened widget with

suggested values for customization. (E) Menu bar for creating, renaming, duplicating, or deleting a canvas. (F) Panel with alternative
zoom level controls.

We introduce PromptCanvas, a Ul concept that transforms prompting into a composable, widget-based experience on an infinite
canvas. Users can generate, customize, and arrange interactive widgets that represent various facets of their text, offering greater

control over Al-generated content. PromptCanvas allows to create widgets through system suggestions, user prompts, or manual
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input, providing a flexible environment tailored to individual needs. This enables deeper engagement with the creative process. In two
lab studies, PromptCanvas outperformed both the conversational user interface (lab study 1) and the structured baseline, Wordcraft
(lab study 2) on the Creativity Support Index. Participants found that it reduced cognitive load, with better performance. Qualitative
feedback revealed that the visual organization of thoughts and easy iteration encouraged new perspectives and ideas. The field study
(# = 10) also confirmed these results, showcasing the potential of dynamic, customizable interfaces to improve collaborative writing
with AL

CCS Concepts: « Human-centered computing ¥ Graphical user interfaces; Natural language interfaces; Interactive systems
and tools.

Additional Key Words and Phrases: Dynamic UI, Prompting, LLM, human-AI co-creation, creativity support, metacognition, cognitive

load, dynamic widgets, creative writing
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1 Introduction

Advancements in generative artificial intelligence (AI) models have revolutionized text interaction, offering powerful
tools for creating and exploring text [40, 41, 45]. These may enhance creative expression by providing users with novel
ways of generating text and interacting with it. However, their potential is often constrained by the limitations of
existing graphical user interfaces (GUIs). The primary limitation of current GUIs for prompting generative Al models
lies in their inability to support iterative exploration and customization. These GUIs present prompts as static text
fields, restricting users to a linear interaction paradigm [23, 27]. For writers, this approach can lead to what Kreminski
[31] refers to as “dearth of the author” - a condition in which users become disengaged from the creative process and
produce text that lacks expressive intent. This lack of interactivity and flexibility hinders users’ ability to leverage
generative Al capabilities creatively. Users may find it challenging to achieve their desired outcomes without the
ability to dynamically manipulate prompts, create personalized workflows, or easily explore a wide range of variations.
Additionally, the metacognitive demands placed on users by generative Al tools further exacerbate these challenges [48].
To address these limitations, we introduce a novel approach to enhance prompting in creative writing, inspired
by the concept of dynamic widgets, introduced by Vaithilingam et al. [50] for information visualization. We bring
dynamic widgets to writing: Our system, PromptCanvas, empowers users to create custom GUIs tailored to their writing
needs. Concretely, PromptCanvas transforms prompts into actionable and persistent interface objects by
allowing users to dynamically arrange and customize widgets on a canvas. These widgets offer interactive
elements based on the context of the prompt, providing flexibility and control over customizable, relevant aspects of the
generated text. This allows users to create personalized prompting environments that reflect their unique workflows
and creative styles, facilitating iterative refinement of their own draft or Al-generated text. Beyond customizability,
dynamic widgets can support metacognition by assisting in task decomposition and promoting a more structured,
iterative use of generative Al. PromptCanvas introduces an interaction paradigm that modularizes prompting through
persistent, manipulable widgets. While systems like Wordcraft [54] and Promptify [10] offer guided prompting, they
lack PromptCanvas’s compositional, multi-widget approach. By turning prompt elements into direct manipulation UI
components, PromptCanvas supports not just structured prompting but iterative, visual, and layered refinement for
exploring alternatives and managing creative intention spatially.
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We developed PromptCanvas in two iterations to improve user experience. The first version included core function-
alities for manipulating prompts and generating text, but revealed areas for better user engagement and customization.
Based on feedback, the second version redesigned key interface elements, like the workspace management panel, and
improved visual organization and responsiveness to better support creative workflows. Our studies, conducted with
both versions, show that dynamic widgets enhance user experience by improving control over text generation, reducing
cognitive load, enabling iterative exploration, and supporting diverse creative prompts.

The first study (lab study 1), comparing the initial version of PromptCanvas to a conversational Ul, highlighted
flexibility and creativity in shaping Al-generated text. The second study, a two-week field deployment using the updated
version, confirmed these findings and showed even greater improvements in user engagement, clarity, and control.
From the field study, we also found that PromptCanvas goes beyond writing tasks, with participants using it for
programming tasks as well, underscoring its adaptability to di Cerént work [OWs. Building on these results,
lab study 2 (conducted with the same updated version and compared to Wordcraft [54], a state-of-the-art structured
writing interface) further demonstrated increased widget use, reduced reliance on free-form prompting, and smoother
iterative revision. Together, these findings show the value of customizable writing tools and how dynamic widgets can
foster more creative, transparent, and controlled interaction with generative Al

In summary, this research contributes to human-Al collaborative writing by introducing a novel system,
evaluating its e [ectiveness, and outlining concrete steps for designing future human-Al writing systems by

investigating the following research questions:

RQ1 How can writing tools be designed with dynamic widgets to improve user interaction and creativity and provide
greater control over the generated content?

RQ2 Do dynamic widgets for iterative and structured prompting improve creativity support compared to a conversa-
tional user interface (UI) and a structured writing tool?

RQ3 Do dynamic widgets help in reducing cognitive load in creative writing tasks?

2 Background and Related Work

We explore existing research and concepts that are relevant to our work. Specifically, we focus on dynamic and adaptive
user interfaces for creative workflows, interactive prompting systems, and human-AI collaboration in writing and

content creation. We further situate PromptCanvas within the existing landscape of generative Al interfaces.

2.1 Human-Al Collaborative Writing and Content Creation

Integrating Al into creative processes has transformed writing and content creation by enhancing interaction and
providing continuous feedback. Tools like those discussed by Dang et al. [18] support writing momentum, reducing
creative block, while Gilburt [22] highlights how AI helps overcome writer’s block by reigniting stalled ideas. Generative
Al is applied across domains, including code generation [5], email auto-completion [13], comic creation [47], screenplay
co-writing [36], argument drafting [56], and academic writing [3]. Professional perspectives on this transformation
are captured by Ippolito et al. [26]. Challenges remain as AI becomes a co-creator. Research by Dang et al. [19]
explores interaction with prompting during writing, while Tankelevitch et al. [48] examines the metacognitive demands
and opportunities of generative Al tools. Critical assessments by Kreminski [31] and Mirowski et al. [36] address
AT’s reception in creative industries and areas for improvement. Overall, AT’s integration in writing is transforming
workflows, demanding new interfaces to support fruitful use.
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2.2 Dynamic, Adaptive, and Intelligent Interfaces

Early work by Ahlberg and Shneiderman [2] highlighted the benefits of tightly coupling user inputs with outputs,
fostering engagement and immediate feedback. However, in hindsight, these systems were limited by static Ul elements.
Recent developments, such as FrameKit [53], address this by creating adaptive Uls that adjust to user context and
interaction patterns, enhancing user experience [20, 29, 49]. Moreover, the principles of rei [cation, polymorphism, and
reuse [7] introduced foundational concepts for efficient, user-centered interfaces, making abstract operations tangible,
tools adaptive, and outputs reusable. Modern systems like Eviza [42], DynaVis [50], and Bolt [44] extend these ideas
with natural language inputs and dynamic widgets for data visualization and modification. Widgets simplify complex
tasks, as seen in Bespoke [51], which generates GUIs from command-line inputs, and ProvenanceWidgets [37], which
tracks and visualizes user interactions. These interfaces provide a flexible environment where users can modify and
configure the Ul to suit their creative processes better.

Whereas adaptive Uls modify the interface in response to user actions, a complementary line of research examines
how users directly communicate intent to the model. This has motivated the development of intelligent and interactive
Uls for prompting generative Al models. Recent studies cover various prompting techniques, examining how users
interact with diegetic and non-diegetic prompts [19] and exploring prompting designs that cater to non-Al experts [55].
Lee et al. [32] has specifically focused on the design space of intelligent writing assistant systems. According to their
work, advances in language models (LMs) and their prompt-based usage have shown significant potential in generating
coherent text. While traditional GUIs for generative AI models often face limitations, recent advancements in natural
language interfaces (NLIs) have opened new possibilities. Uls like Promptify [10] and PromptCharm [52] exemplify NLIs
that offer interactive features for prompt exploration and refinement. In addition to prompt refinement, Storyfier [39]
adopts prompt-based fine-tuning strategies to build story generation models. Wordcraft [54] proposes techniques
that allow users to perform custom operations for interacting with LLMs. Jiang et al. [27] explore prompting Uls
that display outputs as interactive, graph-like diagrams to enhance understanding of LLM-generated information. In
programming, advanced UI like Spellburst [4] streamlines coding processes with features such as UI scaffolds and

node-based interfaces.

2.3 Positioning PromptCanvas within the Landscape of Uls for Generative Al

PromptCanvas is strategically positioned amid developments in Al-assisted writing interfaces and emerging dynamic,
structured generative Uls. Table 1 shows how PromptCanvas differs in design goals, interaction style [32], and empirical
contribution from the most comparable prior works. PromptCanvas differs from earlier system in how it reifies prompts.
Whereas tools such as Wordcraft [54] and CoAuthor [33] emphasize inline suggestions but offer no reusable control
structures, PromptCanvas treats prompts as interactive, persistent objects. Each prompt becomes a widget that users
can create, edit, toggle, and reuse, offering a tangible prompting workspace rather than one-off suggestions. Users
can arrange multiple widgets on an infinite canvas, constructing a custom interface tailored to their writing task. Our
approach builds on ideas from node and card based systems but extends them to a more flexible, user-defined scope: any
instruction or text fragment can become a manipulable widget on the canvas. Unlike systems that primarily organize or
constrain the generated output, such as Nabokov’s Cards [15], Spellburst [4], or VISAR [56], PromptCanvas structures
the prompt logic itself. The interface focuses on making instructions persistent and editable that users can moditfy,
and reapply. In contrast to guided or node-based interfaces, where prompts remain tied to linear histories or fixed

graph structures, PromptCanvas enables qualitatively different workflows by allowing users to layer and iterate on
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Table 1. Comparison of design goals, interaction styles, and key empirical findings across generative writing and interface systems.

System Design Goals Interaction Style Empirical Findings / Contributions

PromptCanvas (ours)  Assist writing with composable, Canvas workspace with editable widgets.  Findings showed that persistent, composable prompts improved
persistent prompts as (user-de ned) writers' control, creativity, and re ection over their text.
widgets that users can spatially
organize.

Wordcraft [54] Assist story writing with Al Text editor and side bar with pop-up Writers reported increased uency and ideation, but limited
suggestions triggered via a sidebar. menus for continuation and elaboration. sense of authorship and long-term agency.

CoAuthor [33] Capture human-Al writing traces for Editor with inline pop up menus for text.  Released dataset revealed common edit-accept-reject patterns,
analysis. informing understanding of Al-assisted writing behavior.

Promptify [10] Enable exploration of image Image grid canvas with clustered User study found gallery browsing supported exploration.
generation and prompt re nement.  browsing and selection.

DirectGPT [35] Combine direct manipulation of Direct manipulation of text or objects Demonstrated feasibility of contextual Al control; users valued
interface objects with text prompts  within host applications. locality.

Luminate [46] Explore multi-dimensional generative 2D grid visualization of text outputs with  Study showed visual mapping improved exploration breadth and
response spaces. navigable parameters. understanding of latent structure.

VISAR [56] Combine visual outlining via a Node-based canvas linked to Lab study found users better understood and debugged Al
node-link Ul and text generation. synchronized text editor. outputs via linked representations.

Spellburst [4] Enable generative code editing Graph canvas with connected generative Expert evaluation indicated faster iteration and clearer mental
through nodes. operations. models of Al code behavior.

Nabokov's Cards [15] Support spatial ideation and Card-based workspace organizing Writers reported enhanced creativity and non-linear ideation
recombination for writing. prompts and ideas. through text cards in long term study.

ProvenanceWidgetsy/] Trace Al analysis provenance. Augmented widgets with provenance Findings showed that overlays improved awareness of analytic

overlays. history while maintaining work ow focus.

ACAI [28] Provide structured prompting for Panel-based form linking declarative Lab comparison found structured prompts increased consistency.
reproducibility and control. inputs to model prompts.

DynaVis [50] Support language-driven Manipulation of visualizations via User study found participants ease of further edits and editing
visualization editing. widgets and text input. con dence due to immediate visual feedback with dynamic UI.

Generative and Enable evolving generative interface System-generated adaptive Ul. User study demonstrated that dynamic Ul evolution improved

Malleable Ul [14] composition. task alignment but required trust calibration.

multiple active constraints (e.g., tone adjustments, pacing changes, narrative goals, character behaviors, or other modular
prompting instructions). This shifts the role of the interface from visual organization to a composable prompting
environment that supports both bottom-up exploration and top-down narrative control. This emphasis on composable
prompting also di ers from fully adaptive generative UI4f], which automatically generate interface controls based on
model inference. In contrast, PromptCanvas keeps users in charge. Users decide when to get suggestions, which widgets
to create and how to organize them. PromptCanvas aligns with structured-execution approaches seen in2ACAl [

and ProvenanceWidgets8J], and extends the interactive approaches demonstrated by Dynalis(fnapping editing

intents to controls in visualizations) and Luminaté ] (mapping natural language dimensions to a visual response
space) by turning natural language dimensions into persistent, editable widgets that users can spatially organize on an
in nite canvas.

In summary, PromptCanvas introduces a new interaction paradigm within LLM-supported writing interfaces: Users
prompt and persist widgets on an in nite canvas to build a user-de ned, reusable workspace and explore and apply
LLM text generations or text transformations. As shown in our studies, this workspace enhances control and creative
exploration beyond what linear or template-based systems (e.g., DirectGBTHromptify [10, and Ippolito et al [26])
can support.
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3 Concept: Dynamic Widgets for Composable Prompting Workspaces for Writing Tasks

PromptCanvas adopts a widget-based modular approach to prompting (see Fig. 1), with the goal of o ering users a
exible and intuitive way to interact with Al in writing tasks. In this section, we introduce our concept for leveraging
the idea of dynamic widgets (cf. [50]) in this new context.

3.1 Design Goals

We conducted multiple iterations of planning and design sessions for the current version of PromptCanvas. The design
process included three iterative cycles: internal prototyping, initial lab study, and eld study with re nements upon
feedback from the lab study. These phases shaped key features like rephrasing controls, widget creation ow, and the
workspace panel layout. The iterative process allowed us to explore di erent layouts and widget functionalities to
achieve our design goals:

DG1 Transform prompts into visible and actionable objects.  Current interfaces treat prompts as static text elds,
limiting user interaction to basic input-output cycles. The interface should allow users to turn prompts into
visible and adjustable elements, which o er granular control over Al text generation through the bene ts of
direct manipulation [43].

DG2 Facilitate structured exploration and re nement.  Writing is an iterative process that requires experimenting
and re ning ideas B, 25 30. The system should facilitate breaking down tasks into smaller parts, enabling users
to systematically experiment, re ne ideas, and iterate, while maintaining a cohesive work ow.

DG3 Promote divergent thinking and creativity. ~ To overcome creative blocks and encourage novel ideas, the
system should support users in divergent thinking.

DG4 Provide a customizable and adaptable workspace. Each writer has a unique writing processS(]. The
interface should allow users to personalize their workspace and adapt it to their needs and work ows.

DG5 Simplify navigation and reduce cognitive load. Canvas Uls and fragment-based Ul [may be overwhelm-
ing without navigation aids. The interface should help users e ciently organize ideas and reduce cognitive
load.

3.2 Concept of Dynamic Widgets

At the core of the PromptCanvas interface is the concept of dynamic widgefk [n our context of writing, these
widgets represent various aspects of text and prompting to provide users with interactive elements to directly in uence
Al output. Each widget controls a speci c attribute or variable of the text such as tone, length, or style

and can be dynamically adjusted according to the users' needs . Users can create, customize, and arrange widgets
on an in nite canvas, making the process of interacting with text generation capabilities more structured4@j. 4nd
adaptable to various creative work ows. Figure 1-D shows an example of an opened dynamic widget with suggested
values for customization. We use the terms dynamic widget and widget interchangeably throughout the paper.

3.3 Dynamic Widget Generation and Customization
Dynamic widgets in PromptCanvas can be created in three main ways:
3.3.1 System Suggestiohise system suggests widgets (Fig. 1-B) based on entered (or generated) draft text (Fig. 1-C).

Suggestions are designed to assist users in expanding or re ning the text by making explicit various aspects of it. For
Manuscript submitted to ACM
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example, suggested widgets may make it salient to the user that they could modify character traits in a story or adjust
the text's tone.

3.3.2 User Promptssers can directly input their own instructions for generating relevant widgets (Fig. 1-b3). This
approach o ers greater control and allows users to experiment with the functionality on their workspace canvas.

3.3.3 Manual CreatioftJsers also have the exibility to create custom widgets for any aspect of the text (Fig. 1-b4).
For example, this might include adjustments to narrative elements, such as character names, plot twists, or setting
descriptions, empowering users to fully customize the functionality on their workspace canvas.

4 PromptCanvas

Following the conceptual overview above, this section describes the core features in more detail, covering both the
frontend and backend.

4.1 User Interface and Interaction

PromptCanvas is built around an in nite canvas, a zoomable digital workspace that users can navigate and organize
freely. This canvas comes with three key components: the text editor, control widgets, and the widget panel (see Fig. 1).

4.1.1 Infinite Canva3he canvas is a zoomable digital workspace that extends inde nitely in all directions, shown in
Fig. 1-(A). Users can pan by clicking and dragging, while zooming is controlled through scroll events from either a
mouse wheel or trackpad. The canvas supports spatial organization and clustering of widgets, which supports exible
writing work ows, where users often revisit and adjust earlier widgets. While a xed-position widget approach could
su ce in simple cases, free positioning on a canvas provides the opportunity to arrange widgets spatially, e.g., by theme,
tone, or story section. This design o ers several key features:

Expansive navigatiotusers can move across the workspace without encountering spatial limits, allowing for
continuous content explorationThe open-ended layout ensures that users can customize their workspace

re ecting their unique processes and preferend&G4).

Scalable viewsers can pan across the workspace and zoom in and out seamlessly, enabling transitions
between broad overviews and detailed views of speci c elements. This exibility promotes clarity and supports
systematic exploratioffDG2).

Spatial organizatiorlJsers can arrange content across the canvas, expanding their work area in any direction
and shape as needed. Thsigatial freedom allows for representing data and concepts in ways that can illustrate
connections and hierarchies spatially, for example, by grouping or laye(iDG5).

A permanently visible menu bar (Fig. 1-E) allows users to create new canvases, rename, duplicate or delete the
currently selected canvas, and switch between existing canvases. While the rst version of PromptCanvas included most
of these functionalities, except renaming, this panel has been completely redesigned to enhance the user experience for
the second study. A comparison of both versions is shown in Fig. 2.

The in nite canvas utilizes three main components to facilitate content creation, organization, and
manipulation within the workspace. They are the text editor, control widgets, and the widget panel . Users
can freely position these on the canvas through drag-and-drop interactions, allowing for the creation of custom layouts.
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Fig. 2. Comparison of the important Ul changes. In version 2, Ehdract valuend Prompt for optionsctions were introduced.
Additionally, the workspace management panel was redesigned.

4.1.2 Text EditoThe text editor serves as the centerpiece of the interface, allowing users to integrate their input
with system-generated suggestions uidly, as illustrated in Fig. 1-C. Userswéte their own text directly in the

editor or use prompting to generate text , providing exibility in how they approach content creationJsers can

re ne their text iteratively by rephrasing it based on active control widgets or submitting prompts , making it
easier to experiment with di erent ideagDG?2). The editor also supportsicremental text generation , displaying
content dynamically as it is produced, which helps users remain engaged with the evolving output. Additionally, the
history feature enables users to revisit previous iterations , promoting iterative improvement and exploration of
alternatives(DG3). These features are further complemented by real-time updates to word counts, supporting clarity
and focus during the writing process.

4.1.3 Control Widget€ontrol widgets are dynamic, interactive tools that transform abstract text attributes into
actionable and adjustable Ul elements, as shown in Fig. 1-b1. Each control widget includes three main components:
a title, a value, and a panel with text alternatives. The title describes the controlled text attributes, which users can
manually edit by double-clicking it. The value holds the desired speci cation for the widget's associated attribute and
can be edited by hand or customized by selecting one of the suggestions in the widget's extended panel. Besides these
suggestions, this panel includes four actions (Fig. 1-D):

Save inputAdds the widget's current value to the list of options.

Extract valueRetrieves the associated attribute's current state from the draft in the text editor and storesiitin
the options list.

Get suggestionGenerates and adds two unique, relevant options to the list.

Prompt for optiondJses a user-provided prompt to generate two unigue options.

In the rst version of PromptCanvas, only th&ave inpuand Get suggestioractions were available. ThExtract
valueaction was added to help users extract targeted insights from long or unfamiliar t&t@mpt for options/as
introduced based on user feedback to help generate options that meet speci ¢ requirements. Fig. 2 shows a comparison
of both versions.
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Each widget provides context-aware suggestions tailored to the content in the text editor , helping users
explore multiple creative directions and overcome writer's blo@G3). These widgets allow users t@djust text
attributes like tone, style, or structure directly , o ering control over the output and turning prompts into interactive
objects(DG1). Their exibility in resizing, repositioning, and customization ensures that the workspace adapts to user
needs as tasks evol({®G4). Additionally, their integration with the rephrasing and text generation systems ensures a
seamless work ow between ideation and implementation.

4.1.4 Widget PaneThe widget panel acts as the system's central hub for generating, managing, and organizing
control widgets, as shown in Fig. 1-Blsers can create widgets dynamically based on text analysis or provide

speci ¢ input for guided widget creation , making it easier to tailor tools for individual taskd©G1). The panel
highlights newly generated widgets with a yellow glow and allows users to evaluate, delete, or drag them onto the
canvas, ensuring only relevant widgets in uence text generatitts.visually distinct layout and dynamic updates

simplify navigation and reduce cognitive load , helping users locate and manage ideas e cien{G5). The size
adjustments aim to support projects with many widgets.

4.2 Technical Implementation

Fig. 3. System flow for generating control widgets. The client sends the current text, existing widget labels, and any guiding prompt
to the backend, which queries the OpenAl API and returns one to four candidate widgets. These appear as editable label-value pairs,
reflecting a ributes inferred from the user's text (Section 4.2.1).

Fig. 4. System flow for generating control widget options. When a widget is selected, the client sends its label, value, text context,
and an optional guiding prompt to the backend. The OpenAl API returns two unique option suggestions, enabling users to refine the
widget's value through localized edits (Section 4.2.2).
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Fig. 5. System flow for extracting values. The client sends the current text and the selected widget's label to the backend, which
queries the OpenAl API for a single value suggestion. The returned value is inserted into the widget, enabling users to generate
a ribute values directly from their text context (Section 4.2.3).

Fig. 6. System flow for rephrasing the text based on control widgets. The client submits the editor text along with all active widget
labels and values. The backend requests a rephrased version from the OpenAl API and streams the updated text back to the interface.
This supports revising the dra based on the user's configured a ributes (Section 4.2.4).

Fig. 7. System flow of applying a user-prompt to the text. The editor content and user prompt are sent as a JSON request to the
backend, which forwards it to the OpenAl API. The modified text is streamed back to the client, allowing users to edit the dra
through free-form instructions separate from widget-based controls (Section 4.2.5).

PromptCanvas is a single-page application developed with Angular and interfaces with the OpenAl API through
a Node.js and Express.js backend server. For the in nite canvas, we used the ngx-panzoomtlforasgnning and
zooming, along with custom logic for component dragging and dropping. User credentials and interaction logs are
stored in a PostgreSQL database, and both versions of PromptCanvas are hosted on Heroku. All workspace components
are stored locally in the browser's local storage.

https://www.npmijs.com/package/ngx-panzoom
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We selected the OpenAl model gpt-40-2024-08-06 for its cost-e ectiveness, low latency, and support for Structured
Output, which allows us to specify the response format as a JSON Schema. This ensures that responses strictly follow
the expected format, reducing the need for validation and minimizing API retries. The OpenAl API requests use a
sampling temperature of 1.06 with default parameters otherwise. The backend handles ve essential services for system
functionality. Details of these services and the associated prompt speci cations are provided below.

4.2.1 Generating Control Widgets.generate new control widgets, the backend receives the current text from the

text editor, existing control widgets (both on the canvas and in the widget panel), and an optional guiding prompt. This
process is illustrated in Figure 3. Existing widgets are represented by their labels. These inputs are formatted into a
request using a prede ned template with system and user messages (shown in Table 15 in the supplementary material).
The system message directs the model to analyze the text, extract attributes, and create distinct widgets, generating
between one and four widgets with up to three options each. The user message contains the inserted variables. If a
guiding prompt is provided, it speci es which aspect to modify. Existing widget labels are included to avoid regeneration.
The request uses a JSON Schema to de ne the response format, which includes labels, values, and options. Generated
widgets are validated to avoid duplicate values, and then assigned IDs and returned to the frontend for display in the
widget panel.

4.2.2 Generating Options for Control Widgétsvisualized in Figure 4, after requesting additional options for a control
widget, the widget and the current text editor content are sent to the backend. The widget is decomposed into its label
and an array containing its value and options without duplicates. These are inserted into a prede ned template with
system and user messages (shown in Table 16 in the supplementary material). The system message instructs the model
to generate two suggestions for modifying the attribute represented by the widget's label, with speci ¢ requirements for
their tone, relevance, and creativity. The user message includes the widget's label and the text to be modi ed, enclosed
in triple quotes. Existing options are also included in the note to avoid duplicates. The API request includes a JSON
Schema de ning the response format as an array of strings. The generated options are checked for duplicates, then
returned to the frontend and added to the top of the options list.

4.2.3 Extracting Values from Teitter clicking the button, shown in Figure 5, the widget's title and the text editor's
content are sent to the backend and inserted into a prede ned template, structured in system and user messages (shown
in Table 17 in the supplementary material). The system message instructs the model to read the text, identify the
attribute represented by the widget's title, and generate a control widget option based upon that. The user message
consists of the supplied variables, delimited by triple quotes. The response string is returned to the frontend and inserted
at the top of the options list.

4.2.4 Applying Control Widgetafter clicking the button, shown in Figure 6, to rephrase the text based on the control

widgets, the current text and all control widgets on the canvas (excluding those in the widget panel) are sent to the

backend. These widgets are converted into an arrayadfel: value pairs, with widgets having empty labels or values

Itered out. This array, along with the text, is then placed into a prede ned template that structures the request into

system and user messages (shown in Table 18 in the supplementary material). The system message instructs the model

to apply the control widget speci cations to the text, guiding it through understanding, interpreting, modifying, and

returning the text. Additional instructions ensure that the revised text remains coherent and logical while preserving

the original context, meaning, voice, and tone. The user message includes the text to be rephrased and the formatted
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speci cations, enclosed in triple quotes. The response is received as a text stream and sent back to the frontend to be
displayed incrementally as it is generated.

4.2.5 Applying Natural Language Promp¢hien users submit a prompt for editing the text, both the prompt and

the current text are sent to the backend, as presented in Figure 7. These are inserted into a prede ned template that
structures the request into system and user messages (shown in Table 19 in the supplementary material). The system
message directs the model to apply the prompt to the text while preserving its original context and meaning. Guidelines
ensure that the response includes the complete modi ed text, not just a continuation or partial completion, as there is
no chat interface to view previous messages. The response is received as a text stream and sent back to the frontend to
be displayed incrementally as it is generated.

4.3 Example Scenario: Writing a Short Story

Marina has been retelling her daughter's favorite bedtime story, The Three Little Pigs, for a while, but it is starting to

feel repetitive. She wants to explore new directions to keep the story fresh, but coming up with new ideas feels di cult.

To make it easier, she decides to use PromptCanvas to brainstorm changes, such as adjusting characters, adding plot
twists, or altering the setting, allowing her to keep the story engaging and develop it further creatively.

Fig. 8. Marina writes a prompt for the short story generation on "The Three Li le Pigs".

Initial prompt/text . Marina has two options to start with. She can either write directly in the text editor or generate
text by writing a prompt. Opting for the latter, she initiates the process with the prompYrite a short story about The
Three Little Pigs see Fig. 8-1. The system generates the story in the editor.

Generating suggested widgets. Since Marina is eager to explore options for modifying the story, she clicksGe¢
widget suggestiormitton in the widget panel. This action generates four widgets suggested by the system, as seen in
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Fig. 9-2. From there, she nds the widg&hreat Descriptiomery interesting for her story. She then drags and drops it
onto the canvas as shown in Fig. 9-3. She sees the color of the widget changing to light blue, implying that the widget is
now active.

Fig. 9. (2) PromptCanvas generates widgets for Marina. (3) She chooses a widget from the widget panel and drags and drops it onto
the canvas. (4) Marina prompts in the widget panel to get more widgets.

Prompting to get widgets . Marina now thinks it might be nice to add a di erent ending to the story. As shown in
Fig. 9-4, she writes a prompt in the widget panel to guide the widget generatMfidgets to change the ending’he
system generates two widgets focused on the story's conclusion. Though she likes these suggestions, she decides to
focus on adjusting the pigs' names rst.

Creating empty widgets . Since Marina already knows exactly which aspect of the text she wants to adjust, she
double-clicks on the canvas to create an empty widget at the selected location. She then double-clicks the widget's title
to enable editing and writesThree Pigs' Namesas shown in Fig. 10-5.

Suggestions within the widgets . Marina rst clicks the Get suggestiormitton to request name suggestions from
the system, as shown in Fig. 10-6. This generates two options, each being a set of names. However, she does not nd
these suggestions appealing enough.

Prompting for options within the widgets . Wanting the names to be more memorable, Marina asks the system
to generate more names, this time providing a guiding prompt within the widg&ive me 3 names that rhymeas
shown in Fig. 10-7. The system responds with two new options. She likes the second set and clicks on it to set it as the

widget's new value, shown in Fig. 10-8.
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