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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 UI 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 AI-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
(𝑁 = 10) also confirmed these results, showcasing the potential of dynamic, customizable interfaces to improve collaborative writing
with AI.

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 AI 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 AI 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 AI 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 AI-generated text. Beyond customizability,
dynamic widgets can support metacognition by assisting in task decomposition and promoting a more structured,
iterative use of generative AI. 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 UI, highlighted
flexibility and creativity in shaping AI-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 different workflows. 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 AI.

In summary, this research contributes to human-AI collaborative writing by introducing a novel system,
evaluating its effectiveness, and outlining concrete steps for designing future human-AI 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 AI interfaces.

2.1 Human-AI Collaborative Writing and Content Creation

Integrating AI 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
AI 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 AI tools. Critical assessments by Kreminski [31] and Mirowski et al. [36] address
AI’s reception in creative industries and areas for improvement. Overall, AI’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 UI elements.
Recent developments, such as FrameKit [53], address this by creating adaptive UIs that adjust to user context and
interaction patterns, enhancing user experience [20, 29, 49]. Moreover, the principles of reification, 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 UI to suit their creative processes better.

Whereas adaptive UIs 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
UIs for prompting generative AI 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-AI 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. UIs 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 UIs
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 UIs for Generative AI

PromptCanvas is strategically positioned amid developments in AI-assisted writing interfaces and emerging dynamic,
structured generative UIs. 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 modify,
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,
persistent prompts as (user-defined)
widgets that users can spatially
organize.

Canvas workspace with editable widgets. Findings showed that persistent, composable prompts improved
writers’ control, creativity, and reflection over their text.

Wordcraft [54] Assist story writing with AI
suggestions triggered via a sidebar.

Text editor and side bar with pop-up
menus for continuation and elaboration.

Writers reported increased fluency and ideation, but limited
sense of authorship and long-term agency.

CoAuthor [33] Capture human-AI writing traces for
analysis.

Editor with inline pop up menus for text. Released dataset revealed common edit-accept-reject patterns,
informing understanding of AI-assisted writing behavior.

Promptify [10] Enable exploration of image
generation and prompt refinement.

Image grid canvas with clustered
browsing and selection.

User study found gallery browsing supported exploration.

DirectGPT [35] Combine direct manipulation of
interface objects with text prompts

Direct manipulation of text or objects
within host applications.

Demonstrated feasibility of contextual AI control; users valued
locality.

Luminate [46] Explore multi-dimensional generative
response spaces.

2D grid visualization of text outputs with
navigable parameters.

Study showed visual mapping improved exploration breadth and
understanding of latent structure.

VISAR [56] Combine visual outlining via a
node-link UI and text generation.

Node-based canvas linked to
synchronized text editor.

Lab study found users better understood and debugged AI
outputs via linked representations.

Spellburst [4] Enable generative code editing
through nodes.

Graph canvas with connected generative
operations.

Expert evaluation indicated faster iteration and clearer mental
models of AI code behavior.

Nabokov’s Cards [15] Support spatial ideation and
recombination for writing.

Card-based workspace organizing
prompts and ideas.

Writers reported enhanced creativity and non-linear ideation
through text cards in long term study.

ProvenanceWidgets [37] Trace AI analysis provenance. Augmented widgets with provenance
overlays.

Findings showed that overlays improved awareness of analytic
history while maintaining workflow focus.

ACAI [28] Provide structured prompting for
reproducibility and control.

Panel-based form linking declarative
inputs to model prompts.

Lab comparison found structured prompts increased consistency.

DynaVis [50] Support language-driven
visualization editing.

Manipulation of visualizations via
widgets and text input.

User study found participants ease of further edits and editing
confidence due to immediate visual feedback with dynamic UI.

Generative and
Malleable UI [14]

Enable evolving generative interface
composition.

System-generated adaptive UI. User study demonstrated that dynamic UI evolution improved
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 differs from fully adaptive generative UIs [14], 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 in ACAI [28]
and ProvenanceWidgets [37], and extends the interactive approaches demonstrated by DynaVis [50] (mapping editing
intents to controls in visualizations) and Luminate [46] (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
infinite canvas.

In summary, PromptCanvas introduces a new interaction paradigm within LLM-supported writing interfaces: Users
prompt and persist widgets on an infinite canvas to build a user-defined, 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., DirectGPT [35], Promptify [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 offering users a
flexible and intuitive way to interact with AI 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 field study with refinements upon
feedback from the lab study. These phases shaped key features like rephrasing controls, widget creation flow, and the
workspace panel layout. The iterative process allowed us to explore different layouts and widget functionalities to
achieve our design goals:

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

DG2 Facilitate structured exploration and refinement.Writing is an iterative process that requires experimenting
and refining ideas [8, 25, 30]. The system should facilitate breaking down tasks into smaller parts, enabling users
to systematically experiment, refine ideas, and iterate, while maintaining a cohesive workflow.

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 process [30]. The
interface should allow users to personalize their workspace and adapt it to their needs and workflows.

DG5 Simplify navigation and reduce cognitive load. Canvas UIs and fragment-based UIs [12] may be overwhelm-
ing without navigation aids. The interface should help users efficiently organize ideas and reduce cognitive
load.

3.2 Concept of Dynamic Widgets

At the core of the PromptCanvas interface is the concept of dynamic widgets [50]. In our context of writing, these
widgets represent various aspects of text and prompting to provide users with interactive elements to directly influence
AI output. Each widget controls a specific 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 infinite canvas, making the process of interacting with text generation capabilities more structured (cf. [48]) and
adaptable to various creative workflows. 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 Suggestions. The 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 refining 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 Prompts. Users can directly input their own instructions for generating relevant widgets (Fig. 1-b3). This
approach offers greater control and allows users to experiment with the functionality on their workspace canvas.

3.3.3 Manual Creation. Users also have the flexibility 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 infinite 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 Canvas. The canvas is a zoomable digital workspace that extends indefinitely 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 flexible
writing workflows, where users often revisit and adjust earlier widgets. While a fixed-position widget approach could
suffice 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 offers several key features:

• Expansive navigation. Users can move across the workspace without encountering spatial limits, allowing for
continuous content exploration. The open-ended layout ensures that users can customize their workspace,
reflecting their unique processes and preferences (DG4).

• Scalable view. Users can pan across the workspace and zoom in and out seamlessly, enabling transitions
between broad overviews and detailed views of specific elements. This flexibility promotes clarity and supports
systematic exploration (DG2).

• Spatial organization. Users can arrange content across the canvas, expanding their work area in any direction
and shape as needed. This spatial freedom allows for representing data and concepts in ways that can illustrate
connections and hierarchies spatially, for example, by grouping or layering (DG5).

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 first 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 infinite 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 UI changes. In version 2, the Extract value and Prompt for options actions were introduced.
Additionally, the workspace management panel was redesigned.

4.1.2 Text Editor. The text editor serves as the centerpiece of the interface, allowing users to integrate their input
with system-generated suggestions fluidly, as illustrated in Fig. 1-C. Users can write their own text directly in the
editor or use prompting to generate text, providing flexibility in how they approach content creation. Users can
refine their text iteratively by rephrasing it based on active control widgets or submitting prompts, making it
easier to experiment with different ideas (DG2). The editor also supports incremental 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 Widgets. Control widgets are dynamic, interactive tools that transform abstract text attributes into
actionable and adjustable UI 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 specification 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 input. Adds the widget’s current value to the list of options.
• Extract value. Retrieves the associated attribute’s current state from the draft in the text editor and stores it in
the options list.

• Get suggestions. Generates and adds two unique, relevant options to the list.
• Prompt for options. Uses a user-provided prompt to generate two unique options.

In the first version of PromptCanvas, only the Save input and Get suggestions actions were available. The Extract
value action was added to help users extract targeted insights from long or unfamiliar texts. Prompt for options was
introduced based on user feedback to help generate options that meet specific requirements. Fig. 2 shows a comparison
of both versions.
Manuscript submitted to ACM
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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 block (DG3). These widgets allow users to adjust text
attributes like tone, style, or structure directly, offering control over the output and turning prompts into interactive
objects (DG1). Their flexibility in resizing, repositioning, and customization ensures that the workspace adapts to user
needs as tasks evolve (DG4). Additionally, their integration with the rephrasing and text generation systems ensures a
seamless workflow between ideation and implementation.

4.1.4 Widget Panel. The widget panel acts as the system’s central hub for generating, managing, and organizing
control widgets, as shown in Fig. 1-B. Users can create widgets dynamically based on text analysis or provide
specific input for guided widget creation, making it easier to tailor tools for individual tasks (DG1). 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 influence text generation. Its visually distinct layout and dynamic updates
simplify navigation and reduce cognitive load, helping users locate and manage ideas efficiently (DG5). The size
adjustments aim to support projects with many widgets.

4.2 Technical Implementation

Client

OpenAI API

JSON

•  1-4 control widgets

Backend Server

JSON

•  Text editor:

    ◦  Text

•  All control widgets:

    ◦  Labels

•  Widget panel:

    ◦  Guiding prompt (optional)

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 OpenAI API and returns one to four candidate widgets. These appear as editable label-value pairs,
reflecting attributes inferred from the user’s text (Section 4.2.1).

Client

Backend Server

OpenAI API

JSON

•  2 unique control widget options

JSON

•  Text editor:

    ◦  Text

•  Control widget:

    ◦  Label

    ◦  Value

    ◦  Options

    ◦  Guiding prompt (optional)

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 OpenAI 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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Client

OpenAI API

JSON

•  1 control widget option

JSON

•  Text editor:

    ◦  Text

•  Control widget:

    ◦  Label

Backend Server

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 OpenAI API for a single value suggestion. The returned value is inserted into the widget, enabling users to generate
attribute values directly from their text context (Section 4.2.3).

Client

OpenAI API

Chunked HTTP Stream

•  Rephrased text

JSON

•  Text editor:

    ◦  Text

•  Active control widgets:

    ◦  Labels

    ◦  Values

Backend Server

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 OpenAI API and streams the updated text back to the interface.
This supports revising the draft based on the user’s configured attributes (Section 4.2.4).

Client

OpenAI API

Chunked HTTP Stream

•  Modified text

JSON

•  Text editor:

    ◦  Text

    ◦  Prompt

Backend Server

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 OpenAI API. The modified text is streamed back to the client, allowing users to edit the draft
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 OpenAI API through
a Node.js and Express.js backend server. For the infinite canvas, we used the ngx-panzoom library1 for panning 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.

1https://www.npmjs.com/package/ngx-panzoom
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We selected the OpenAI model gpt-4o-2024-08-06 for its cost-effectiveness, 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 OpenAI API requests use a
sampling temperature of 1.06 with default parameters otherwise. The backend handles five essential services for system
functionality. Details of these services and the associated prompt specifications are provided below.

4.2.1 Generating Control Widgets. To 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 predefined 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 specifies which aspect to modify. Existing widget labels are included to avoid regeneration.
The request uses a JSON Schema to define 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 Widgets. As visualized 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 predefined 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 specific requirements for
their tone, relevance, and creativity. The user message includes the widget’s label and the text to be modified, enclosed
in triple quotes. Existing options are also included in the note to avoid duplicates. The API request includes a JSON
Schema defining 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 Text. After 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 predefined 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 Widgets. After 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 array of label: value pairs, with widgets having empty labels or values
filtered out. This array, along with the text, is then placed into a predefined 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 specifications 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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specifications, 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 Prompts. When 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 predefined 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 modified 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 difficult.
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.

Marina prompts the system to write a specific short story. 

As the text is generated, it streams in visually, filling the text editor.

1

Fig. 8. Marina writes a prompt for the short story generation on "The Three Little 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 prompt, “Write 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 clicks the Get
widget suggestions button 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 finds the widget Threat Description very 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.

She drags and drops the 
“Threat Description” widget 
onto the canvas. The widget 
turns light blue, representing 
it being active.

3

She wants to receive system-generated 
suggestions, so she clicks on “Get widget 
suggestions” and receives four widgets in 
the widget panel.

2
To control what the suggested widgets should 
represent, Marina  enters a prompt to guide the 
generation. She then receives two widgets.

4

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 different ending to the story. As shown in
Fig. 9-4, she writes a prompt in the widget panel to guide the widget generation: “Widgets to change the ending”. The
system generates two widgets focused on the story’s conclusion. Though she likes these suggestions, she decides to
focus on adjusting the pigs’ names first.

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 writes “Three Pigs’ Names”, as shown in Fig. 10-5.

Suggestions within the widgets. Marina first clicks the Get suggestions button 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 find
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 widget: “Give me 3 names that rhyme”, as
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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Marina wants to check out 
the recommendations, clicks 
on “Get suggestions” and 
receives two sets of names.

6
She would like names that rhyme 
instead, writes a prompt to guide 
the generation and receives two 
more sets of names.

75
She now knows what widget she 
needs,  so she double-clicks the 
canvas to create an empty widget. 
She then double-clicks the title, 
enabling her to edit it.

She likes the first option and 
clicks it, which selects it as 
the widget’s new value.

8

Fig. 10. (5) Marina creates an empty widget on the canvas. (6) She gets more suggestions within the widget for three pigs’ names. (7)
Marina now prompts for what exactly she wants in the widget. (8) She selects an option from the suggested values.

9
Before Marina iterates further she 
would like to apply the new names. She 
clicks the “Rephrase the text based on 
your widgets” button and receives the 
rephrased text in the text editor.

Fig. 11. Marina applies the widgets and receives the rephrased text.

Rephrasing text based on widgets. Now that she’s chosen the pigs’ names before she continues iterating with her
other widgets, Marina clicks the Rephrase the text based on your widgets button (see Fig. 11-9), which updates the text in
the editor according to the active widgets. The modified text streams in, replacing the previous version in the text editor.
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Marina continues to iterate and explore new directions for the story by revisiting her other widgets. Following this
workflow, she can focus on one attribute at a time, which provides structure to her ideation process and prevents her
from feeling overwhelmed by having to steer multiple changes simultaneously. This approach, however, showcases
only one of the many diverse possibilities of how a user can use PromptCanvas2.

5 Lab and Field Evaluation

We conducted two lab and one field study to examine how users interact with PromptCanvas, focusing on workflows,
creativity support, cognitive load, and system usability. All studies were approved by the institute’s ethics board.

Lab study 1 was a within-subject experiment with 18 participants who completed writing tasks using PromptCanvas
and a baseline conversational interface. Field study followed lab study 1 and involved ten participants using a refined
version of PromptCanvas over two weeks, integrating it into their personal writing routines. After the usage period,
participants completed an interview and survey and were compensated 5€ for a 30-minute session. Lab study 2 was
conducted with a new group of 18 participants and compared PromptCanvas to Wordcraft [54], a state-of-the-art
structured writing tool. Participants completed writing tasks in both systems. For the lab studies, participants were
compensated 15€ for a 90-minute session.

5.1 Participants

Across all studies, participants were recruited through word of mouth and university mailing lists. For each study, we
collected demographic information. We also asked participants about their screen type and professional writing status,
as well as their frequency of AI tool use, the specific AI writing tools they relied on, and the types of creative or writing
tasks for which they used these tools.

5.1.1 Lab study 1 and Field study. We recruited 18 participants between the ages of 22 and 68 years (𝑀 = 30.44, 𝑆𝐷 =

10.45) via word of mouth and university mailing list; 11 self-identified as male and 7 as female. Details per participant is
provided in Table 2.

A subset of 10 participants3 were later recruited once more for the two-week field study, depending on their
availability.

5.1.2 Lab study 2. For our lab study 2, we recruited 18 new participants between the ages of 21 and 42 years (𝑀 = 29.4,
𝑆𝐷 = 5.23) via word of mouth and university mailing lists. Eight participants self-identified as male and ten as female.
For clarity across studies, participants in lab study 2 are indexed as P19-P36 to distinguish them from the participants in
lab study 1 and avoid overlap in participant IDs. Details per participant are provided in Table 3.

Professional writers across all studies are indicated with pro (P18, P22, P24, P28, P32).

5.2 Apparatus

5.2.1 Lab study 1. Our lab study 1 included two conditions. The baseline condition used a conversational user interface
as illustrated in Figure 12, while the experimental condition used PromptCanvas. The baseline system was designed
according to the design and interaction principles of ChatGPT. We provided a solid user experience without introducing
untested features that could have affected the study. To generate the responses, we used the same OpenAI model
(gpt-4o-2024-08-06) in both conditions. On the left side of the UI is a sidebar in which all chat instances are listed to
2A short video on how to use the system is available as a supplementary material to this submission.
3P2, P3, P4, P11, P12, P13, P14, P15, P17, P18pro.
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Table 2. Participant Overview (Lab study 1 and Field study): Demographics, screen setup, professional status, AI tool usage, frequency,
and types of writing tasks previously performed using AI tools.

Nr. Gender Age Screen Type Prof.
Writer

Frequency
of AI Use

AI Tools Used AI Writing Tasks Used

P1 Male 30 small (laptop) no Daily ChatGPT, QUILLBOT, Bard Editing; descriptive writing; variations
P2 Female 33 small (laptop) no Daily ChatGPT Editing
P3 Male 30 big (ext. monitor) no Rarely ChatGPT, DALL-E, Claude Editing; descriptive writing; creative writing;

variations
P4 Female 27 small (laptop) no Weekly ChatGPT, QUILLBOT Descriptive writing; content expansion
P5 Male 25 small (laptop) no Daily ChatGPT, QUILLBOT, Per-

plexity AI
Idea generation; editing; content expansion

P6 Female 29 small (laptop) no Daily ChatGPT, QUILLBOT Idea generation; editing; variations
P7 Male 25 small (laptop) no Weekly ChatGPT, QUILLBOT, Bard Editing; descriptive writing; content expansion;

variations
P8 Female 26 small (laptop) no Daily ChatGPT, Bard Idea generation; editing; content expansion;

variations
P9 Female 68 small (laptop) no Daily None Translation
P10 Male 22 big (ext. monitor) no Daily ChatGPT, Claude Idea generation; editing; coding-related writing
P11 Male 30 big (ext. monitor) no Monthly ChatGPT, DALL-E, Stable Dif-

fusion, QUILLBOT, Bard
Idea generation; editing; descriptive writing;
content expansion; creative writing; variations

P12 Female 26 small (laptop) no Never None never used any AI writing tools
P13 Male 26 big (ext. monitor) no Weekly ChatGPT, Bard, Claude Idea generation; editing; descriptive writing;

content expansion
P14 Male 25 big (ext. monitor) no Monthly ChatGPT Idea generation; content expansion
P15 Female 30 small (laptop) no Never None never used any AI writing tools
P16 Male 22 big (ext. monitor) no Weekly ChatGPT Idea generation; creative writing
P17 Male 42 small (laptop) no Rarely ChatGPT Idea generation; editing; content expansion
P18 Male 32 small (laptop) yes Weekly ChatGPT, Grammarly Editing

Fig. 12. The baseline conversational UI.

be selected or deleted, and buttons for creating a new or duplicating the currently selected chat. Selected chats are
displayed in the main component by listing all user and assistant messages in chronological order. Below the chat
messages is a text input for entering new user messages. Responses are received in a stream and displayed as received,
with words and sentences gradually appearing as if they were typed. While hovering over a message, a small icon
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Table 3. Participant Overview (lab study 2): Demographics, screen setup, professional status, AI tool usage, frequency of use, and
prior experience with AI-assisted writing. Participants in lab study 2 are indexed as P19-P36 to clearly distinguish them from those in
lab study 1 and avoid overlap in participant IDs.

Nr. Gender Age Screen Type Prof.
Writer

Frequency
of AI Use

AI Tools Used AI Writing Tasks Used

P19 Female 30 big (ext. monitor) no Daily ChatGPT Idea generation; editing; descriptive writing;
content expansion

P20 Male 22 big (ext. monitor) no Weekly ChatGPT, DALL-E Idea generation; content expansion
P21 Male 32 big (ext. monitor) no Weekly ChatGPT Editing; descriptive writing; content expansion;

translation
P22 Male 29 big (ext. monitor) yes Daily ChatGPT, Gemini, DeepSeek Editing; descriptive writing; email/ professional

documentation
P23 Female 28 big (ext. monitor) no Daily ChatGPT, Gemini, DALL-E,

Stable Diffusion, Claude AI
Idea generation; editing; descriptive writing;
content expansion; creative writing; variations

P24 Male 33 small (laptop) yes Weekly ChatGPT, Gemini Editing; content expansion; variations
P25 Female 28 big (ext. monitor) no Weekly ChatGPT Editing; descriptive writing; content expansion
P26 Male 42 small (laptop) no Weekly ChatGPT, Gemini Editing; content expansion; creative writing
P27 Male 26 big (ext. monitor) no Rarely ChatGPT, Gemini Idea generation
P28 Female 29 small (laptop) yes Daily ChatGPT Editing; content expansion
P29 Male 21 big (ext. monitor) no Weekly ChatGPT, Gemini Editing; content expansion
P30 Male 22 big (ext. monitor) no Rarely ChatGPT Editing; producing different versions (email)
P31 Female 30 small (laptop) no Daily ChatGPT Editing; producing different versions
P32 Female 30 big (ext. monitor) yes Daily ChatGPT, QUILLBOT, Sage

Poe
Editing; content expansion; creative writing;
variations

P33 Male 33 big (ext. monitor) no Monthly ChatGPT Coding-related writing; email writing
P34 Male 31 big (ext. monitor) no Daily ChatGPT, Gemini, DALL-E,

Stable Diffusion, QUILLBOT,
Bard, Claude AI

Idea generation; editing; content expansion; cre-
ative writing; variations

P35 Female 28 small (laptop) no Daily ChatGPT, Gemini, QUILL-
BOT, Claude AI

Idea generation; editing; content expansion; cre-
ative writing

P36 Male 35 big (ext. monitor) no Daily ChatGPT, DeepSeek Editing; descriptive writing; content expansion;
creative writing

appears below for easily copying the message’s content. For user messages, there is also an edit icon to alter the message
and reset the chat to that point.

5.2.2 Lab study 2. Lab study 2 included two conditions. The baseline condition used Wordcraft [54], and the experi-
mental condition used PromptCanvas. Both systems were hosted on servers and ran using the Gemini Pro (128) model
to ensure comparable response quality across conditions.

5.3 Procedure: Within-Subject Lab Studies (Lab study 1 and Lab study 2)

All study sessions were conducted online using Zoom. After obtaining the informed consent form, we recorded the
screen activity and audio, and the participants were encouraged to think aloud during the study. In Lab study 1,
participants accessed the websites hosting the conversational UI (baseline) and PromptCanvas. In Lab study 2, they
similarly had access to both Wordcraft (baseline) and PromptCanvas.

5.3.1 Pre-study Survey. In both lab studies, the session started with a pre-study questionnaire to collect demographic
information, participants’ experience in creative writing, and their previous experience and exposure to AI writing
tools. Additionally, the questionnaire gathered information on the kind of screen participants used for the study and
whether they used a mouse, touch-, or trackpad.

5.3.2 Interface Tutorial. In lab study 1, after completing the pre-study survey and before beginning the writing tasks,
participants were introduced to the tools. For the conversational UI, participants could ask researchers any questions if
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they needed clarification. For PromptCanvas, participants watched a video demonstrating how to use the system for a
writing task, including generating and manually creating widgets, as well as navigating the text editor. To ensure a
consistent tutorial experience, all participants watched the same video and had the opportunity to view it multiple
times if necessary. They also had the flexibility to ask questions about the tool after watching the video.

In lab study 2, participants received an equivalent introduction to both comparison systems. They watched two
short tutorial videos before using each interface (Wordcraft and PromptCanvas), each showing the core interaction
workflows of the respective tool. Participants could rewatch either video and ask clarifying questions before beginning
the tasks, ensuring a consistent and balanced onboarding experience across systems.

Table 4. Topics for the writing tasks in the user study.

Writing Tasks Topic

Email or Letter Professional
• Resignation letter
• Motivation letter for job application
• Recommendation letter
• Request for promotion

Personal
• Condolences
• Updates on Life
• Friendship and Appreciation
• Celebrations and Milestones

Short story Survival in the Wilderness
AI robots
Time travel
Life after Death
Family Secrets
Utopia / Dystopia
Fable

5.3.3 Writing Tasks. In lab study 1, for writing tasks, participants could select from a range of topics listed in Table 4.
They were required to choose one topic from each section for both user interfaces. Some of these topics are taken
from [46]. Following the work of Biskjaer et al. [9], which explored how time constraints in a writing tool can encourage
new content, we implemented time constraints for our creative writing tasks. The first task was email writing (5
minutes), and the second task was short story writing (10 minutes), totaling 15 minutes per UI. At the end of each
session, participants completed a post-UI survey to reflect on their experience with the tool. To minimize potential
learning effects, we counterbalanced the order of tool assignments across participants using random assignment.

The tasks in lab study 1 were designed to allow exploration and iterative refinement of both prompts and text
through short, open-ended writing goals. In practice, participants engaged in a tight exploration-iteration loop: they
explored system-suggested widgets, evolved prompts by creating or adjusting widgets, and iteratively revised the text
by selectively applying subsets of widgets.
Manuscript submitted to ACM



PromptCanvas 19

For lab study 2, we simplified the procedure to a single creative writing task per interface. Participants wrote one
short story (100-300 words) using each system (on a topic either from Table 4 or their own) for 15 minutes each, as this
task aligns most closely with the affordances of Wordcraft, which is suited for creative story writing. This also allowed
participants to spend more time with that one task.

Tasks in lab study 2 were designed to support longer-horizon writing and comparison across revisions. As a result,
participants externalized multiple constraints in parallel using prompt widgets, iteratively adjusting widget values
and selectively reapplying them as the draft evolved. Compared to Wordcraft, this shifted iteration from sequential
request–response cycles toward parallel refinement across multiple active constraints.

5.3.4 Post-study Survey and Semi-Structured Interview. In both of the lab studies, after completing all tasks, participants
were required to answer a final survey to directly compare the UIs (lab study 1: conversational UI vs. PromptCanvas, lab
study 2: Wordcraft vs. PromptCanvas). Following this, we conducted a semi-structured interview to gain insights into
their perceptions of the system, the quality of the widgets, the impact of widgets on considering unexplored options,
the perception of widgets and control over generated text, and to gather overall feedback.

5.3.5 Measurements and Analysis. We measured both quantitative and qualitative data during the lab studies. We
measured the number of prompts provided and the number of widgets created by each participant to evaluate their
interaction with the tools. The Creativity Support Index (CSI) [17] was used to subjectively assess how well each tool
supported creative processes. Additionally, the NASA Task Load Index (NASA-TLX) [24] was employed to evaluate
participants’ perceived workload during the tasks. In the post-UI survey, we collected ratings of Likert items on the
ease of using each interface, and participants indicated which interface they found easier to use while completing the
tasks. At the end of the study, we recorded participants’ overall preferences among the tools. For lab study 2, we further
collected user perception on the number of widgets suggested by the system, authorship, control, the System Usability
Scale (SUS) [11] to assess the perceived usability of both Wordcraft and PromptCanvas.

For the qualitative analysis, the first author conducted open coding on participants’ responses and audio transcripts
to determine themes. These themes were then refined through discussions with the co-authors. We used the refined
themes to interpret the qualitative results and discuss them in Section 6.

For the quantitative analysis, we first conducted the Shapiro-Wilk normality test. Depending on the results of this
test, we then used either a paired t-test or the Wilcoxon signed-rank test to assess the statistical significance of observed
differences in the metrics.

For analyzing outcome text quality ratings, we used an ANOVA in lab study 1, which included two tasks, and a
paired t-test or Wilcoxon signed-rank test in lab study 2, which included only one task.

We applied Holm-Bonferroni adjustments to p-values when applicable.

5.4 Procedure: Two-Week Field Study

For the two-week field study, participants were provided with the refined version of PromptCanvas.

5.4.1 Measurements and Analysis. After two weeks, we conducted a short semi-structured interview with each par-
ticipant to learn about their experiences, any troubles they encountered, and general feedback or suggestions for
improvement. We then asked them to complete a survey containing the questions from CSI. Apart from CSI, partici-
pants also evaluated the usability of PromptCanvas using the System Usability Scale (SUS) questionnaire, providing
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standardized feedback on how easily and effectively users could accomplish their goals with the system while having a
positive experience.

5.4.2 Writing Tasks. In the field study, participants were instructed to use the system independently, explore custom
workflows, and integrate it into their regular activities. Participants repeatedly returned to existing widgets across
sessions, using them as a stable layer for exploration and revision. Instead of refining a single prompt, they gradually
evolved collections of widgets and applied them as writing goals changed.

6 Results

In this section, we present the results of both the lab studies and field study conducted to evaluate PromptCanvas. As
an initial overview, Fig. 13 displays one screenshot per participant using PromptCanvas in lab study 1.

Fig. 13. One screenshot per participant while they were using PromptCanvas in lab study 1, revealing how participants individually
customized their workspaces.

6.1 How Do Users Perceive and Interact with the Widgets in PromptCanvas? (RQ1)

The use of widgets helped in reshaping user thinking. Participants’ engagement with PromptCanvas in all studies
revealed more than usability appreciation. It showed a shift in how they approached and managed the writing process.
Manipulating widgets helped users to externalize abstract elements (e.g., tone, structure), enabling modular revision and
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iterative refinement, with several participants noting that widgets helped them break down tasks. Others described how
widgets supported planning, focus, authorship, and creative control, including the ability to customize the workspace.
These outcomes go beyond surface-level interaction and suggest that customization and flexibility can scaffold underlying
cognitive processes. This interpretation aligns with prior work on writing cognition [25], metacognitive demands in
generative AI [48], and task-centered UI design [12].

6.1.1 Perception on the Number of Generated Widgets. During the tasks in lab study 1, participants had mixed opinions
regarding the generated number of widgets. Some (P1, P2, P3) found the number of widgets to be good, with P11 also
appreciating the balance, noting, “It had a good balance of not being too overwhelming and also not being too lacking.”

Some (P4, P5, P6, P8) thought the number of widgets was alright. With P8 stating, “I think, since we can create more

widgets by double-clicking the canvas, this is very standard to keep the four suggested widgets”. Some participants (P7, P12)
suggested that having fewer widgets might be better. P7 indicated that generating four widgets at once was cumbersome
with a trackpad, “If the number would be lower like two with more accuracy, it would have been a bit of more comfort

because then I would not require to swipe.” Whereas, P13 expressed a desire for slightly more, stating, “I would have

expected a bit more, maybe two or three more.” P14 felt that four widgets were adequate but appreciated receiving more
suggestions, saying, “The number four is good enough. But as it gave more suggestions, it helped me more”. P17 commented
that the number of widgets might depend on the user’s experience level. They also appreciated the option to delete
or create more widgets, “You have the option to delete the widgets that you don’t need, and you could also create more

widgets if you need it” –P17. P18pro suggested, “I think the number is a good starting point. I don’t know if you can make

it user-selectable. This would be even more flexible.”

In lab study 2, we explicitly asked the participants whether the number of suggested widgets were enough for them.
94.4% of the participants selected a positive rating. Only one participant (5.6%) felt that the number of suggested widgets
was insufficient. These results indicate that the system’s widget generation had an effective balance by providing
enough prompts to support exploration and idea development without overwhelming most users.

6.1.2 Perception of Suggested Widgets. Participants expressed various opinions about the suggested widgets generated
by the system after the lab studies. Most of them appreciated the suggestions. In lab study 1, the suggestions were
useful for both email writing (P2, P3) and story writing (P6, P8, P10, P15). P3 found the widgets helpful for their task on
a recommendation letter, noting, “The widgets seem to be more specific instead of being general. For the recommendation

letter, those specific widgets really helped”. P5 thought the widgets were good, especially appreciating their flexibility:
“Another good thing about the widgets was that it wasn’t rigid, so you could add your input as well”. For the story writing
task, P6 found the widgets quite helpful, explaining, “The widgets that were produced by the system gave me a plot

twist and suggestions to edit the introductory part”. P11 was satisfied with how the widgets identified key areas for
modification, saying, “The generated widgets were really good... they extracted the main points ... the story, which can

be modified or changed.” P12 appreciated our tool’s ability to provide numerous ideas and points, saying, “With the

PromptCanvas, I could write more, and more ideas and points were coming to me...” P16 added, “The suggestions were very
accurate”. For P18pro the widgets helped them “spot few things that may not be immediately apparent”. P14 valued the
extra suggestions that helped them focus on creativity, stating, “It produced important suggestions and some extra which

I couldn’t think of at that time”.
In contrast, P4 felt that the generated widgets lacked diversity, mentioning, “The first widgets that I got were related to

general information like the company name and years of experience... it would have been nice if there were solutions like

the tone or how the email will end.” Moreover, P7 suggested that more thematic suggestions could enhance productivity.
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However, P15 liked having multiple suggestions and found them helpful, particularly for understanding how to use
the system as a novice: “They were good, especially because I didn’t yet know the system. That made it easy for me to

understand the widgets”.
In lab study 2, a few participants suggested areas for improvement in the widget suggestions, noting that they

could sometimes feel limited or less tailored in certain contexts (P22pro.). Despite these concerns, most participants
found the widget suggestions useful and relevant, frequently emphasizing their modularity and clarity. P33 felt that
PromptCanvas’s suggestions were “quite nice. . . it understood the essence of the story”, and P31 appreciated that they
were concise and easier to evaluate compared to Wordcraft’s longer inline generations, noting that the modular options
made it “easy to track the ideas”.

6.1.3 Perception of Suggested Values within Widgets. In the lab studies, participants expressed diverse opinions on the
suggested values and options for each widget. P1 found the suggestions particularly effective when creating their own
widgets, stating, “whenever I created widgets of my own, then the suggestion was good. When you mention a topic ... They

understood many things from there.” Conversely, some (P2, P4) felt there was a lack of variety, saying, “They were helpful,
but I also think they were not diverse enough in their nature. They were very similar”. However, they acknowledged an
improvement upon requesting more suggestions: “When I clicked for more suggestions, then the solutions got really better.”

Some participants (P5, P6, P7, P10, P14) highly appreciated the variations within the widgets, finding them to be fun
(P6), accurate (P7), and helpful (P6, P7, P18pro). Participants (P5, P14) highlighted the ability to choose from multiple
suggestions, “I had fun where even inside the widget suggestions you had options to choose from ... that’s great” –P5.
P14 stated“It really helped me a lot. I really liked that part when the widgets themselves had another suggestion.” P15
appreciated the flexibility to edit suggestions if needed, whereas P16 had a mixed experience, finding some suggestions
very close to what they had in mind, while others were not useful. Furthermore, P18pro considered the suggestions “I
think it was very, very useful.”

Participants further praised the tool’s creative suggestions (P5, P11, P6), suggestions being practical (P17), and
time-saving (P5, P11). P11 added, “It presented me with ideas or scenarios which I might not have thought of before.” P6
appreciated how the tool provided new ideas and allowed for comparison without cognitive effort: “I don’t need to

think on my own, I can look there and compare.” P8 linked the suggestions to having a creative partner, stating, “Getting
suggestions feels like a friend is with me... it felt like this is what we expect from AI.” P13, while not using the suggestions
extensively, found the initial ones helpful as a starting point: “When I started typing or writing on the, let’s say, or

replacing the value on the widgets itself, the suggestions that were provided seemed okay for me.” They added, “I’m not a

professional writer, so I’d like to have some starting point, then I can keep up pace afterward.” P17 believed the suggestions
were well-aligned with the text or direction provided, saying, “From my perspective, it’s good enough... it’s wonderful.”

In lab study 2, P27 reported enjoying PromptCanvas because of the “layered suggestions” that helped distinguish
characters and concepts. P22pro. noted that the suggestions made it “fun playing with the widgets and directing ideas

and stories”. P29 emphasized that the widget suggestions helped them understand how to work with the tool, and P30
described the suggestions as a useful starting point for brainstorming, even when the generated content itself wasn’t
perfect. Several participants mentioned that the suggestions helped them move past creative blocks or provided new
directions when stuck (P33, P30).

6.1.4 Flexibility of Rearranging Widgets. Participants had varied opinions on the ability to rearrange widgets on the
canvas during lab study 1. Several (P2, P3, P6, P8, P11, P13-P15, P17) found the flexibility of moving widgets beneficial.
P2 found the rearrangement process effortless and easy to use. P3 valued the spatial arrangement, noting, “The widget
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that controls the address of the company, I just put it beside where the address of the company actually is. So to maintain

that spatial relationship ... the arranging of the widgets really helped”. P8 found PromptCanvas helpful, comparing it to a
canvas that allows creative expression and breaks the monotony in comparison with the conversational UI: “This UI
(PromptCanvas) is like a canvas where we can paint... it cuts through the boredom”. While P4 did not find this flexibility
particularly important, P5 described the experience as “so good”. However, some participants emphasized the value of a
fixed placement of widgets, suggesting that color-coding (P12) or a more rigid arrangement (P1, P10) might have been
better for their needs. P6 felt the rearrangement feature was helpful, though they needed more time to adapt. They
noted, “If you use it for a long time, and you get used to it, I think it’s more fun, and it will help you”.

P18pro suggested that an auto-resizing or auto-fit option might be beneficial for managing a large number of widgets:
“If I have more than like 10, 12 widgets, that can be a bit cumbersome to move around.” Other participants (P11, P13)
appreciated the ability to drag widgets and keep the canvas organized, saying, “I liked the widgets floating around and
also the ... main widget where I was writing and the text was generated. I was free to arrange it in whatever way I liked”

–P11. P13 explained that it allowed them to cluster related widgets together: “If I have the flexibility to rearrange them

anywhere I want on the canvas, it also helps me to cluster them together”. P15 liked the option to move and resize widgets,
which helped manage visual clutter: “I liked being able to move things around and make them bigger or smaller as I

wanted to.” P17 found the fluidity of moving widgets an “amazing feature” that provided a “lively feeling”.
In lab study 2, many participants emphasized that being able to physically move, group, and reorganize widgets gave

them a clearer overview of their ideas. P33 highlighted how they could “arrange them or keep them wherever I wanted”,
enabling them to cluster characters, plot elements, or setting details in different regions of the canvas. P31 similarly
explained that moving widgets around helped them maintain a sense of structure, noting that the arrangement made
it “easy to track the ideas” and see how different narrative components related to one another. Others described the
ability to reposition widgets as enhancing creativity and workflow fluidity (P27, P29). P27 found the interaction “fun. . .

directing ideas and stories,” while P29 appreciated the visual freedom, saying the canvas let them “restructure everything

very well with the widgets.” Several participants (P30, P22pro., P35, P36) commented that this flexibility also supported
iterative story development. P30 described widgets as “building blocks” for shaping different narrative versions, and
P22pro. noted that being able to hide or revisit widgets eased cognitive load. P35 similarly viewed the widgets in the
canvas as a “mental map” that supported visualizing connections across the story, while P36 compared the widgets to
“thought bubbles” that helped separate and reorganize ideas without losing track of the narrative. At the same time, a
few participants suggested improvements, such as automatic grouping or topic-based arrangement to better handle
large numbers of widgets (P31). Overall, participants experienced the rearrangeable workspace as a powerful, intuitive
way to externalize and manipulate their ideas, providing a degree of creative freedom, organization, and control that
they did not feel in Wordcraft’s fixed format.

6.1.5 Perception of Widgets: Section Replacements vs. Abstract Guidance. Several participants in lab studies appreciated
both specific section replacements and abstract guidance (P1, P4, P7, P11, P13, P14, P15, P16), finding that each approach
had its own advantages depending on the context. Participants (P3, P4) noted that thematic suggestions were important
for creative writing, while more specific widgets were useful for structured tasks, “so for example, if I’m writing a short

story then having thematic suggestions or widgets is important but for example if I’m writing something that’s a more

structured resignation letter... then more specific widgets are useful” –P3.
Some participants (P1, P5, P6) found the text replacement particularly intuitive. P1 appreciated it, stating, “replacing

text was really intuitive for me because I replaced it many times in the text”. However, others (P8, P12) preferred widgets
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that provided abstract guidance (e.g., tone, length). P12 found that widgets for changing specific text parts were useful
for meeting word limits and making necessary adjustments. P8 favored abstract guidance as it did not suppress creativity,
stating, “I think the guidance is more suitable for me; it doesn’t wash off the whole creativity of the creator or the writer.”

On the other hand, P10 leaned towards abstract guidance generally but acknowledged the usefulness of specific widgets
in particular cases.

In lab study 2, several participants appreciated that certain widgets targeted specific portions of the text, making
them useful for focused structural or localized revisions. At the same time, many valued PromptCanvas precisely for its
higher-level guidance. For example, P31 noted that widgets revealed “different aspects of the story” at once, supporting
broader decision-making. Others used widgets as conceptual anchors that guided the narrative without dictating
specific text. Overall, participants drew a clear distinction between Wordcraft’s precise, sentence-level replacements
and PromptCanvas’s abstract, structural guidance, with some (P20, P30, P31, P36) preferring the latter for ideation and
exploratory writing.

6.1.6 Perception of Ownership and Control Over Generated Text. During the lab studies, participants reported varying
perceptions of ownership and control over AI-generated text, often influenced by the tools and features available in the
interface. In lab study 1, P11 noted that the sense of ownership differed depending on the task, observing that editing or
polishing existing content felt distinct from generating text “out of the box.” P3 also found a stronger sense of ownership
in shorter, simpler texts, such as emails, compared to longer forms like stories.

Participants felt the widgets enhanced their control over the generated text, stating, “You have control in the con-

versational UI, but it can be cumbersome. It (PromptCanvas) was a more streamlined control, which was really nice” –P3.
One of the participants elaborated on the comprehensive nature of the widgets, noting, “These widgets are basically
suggestions ... and then there are suggestions inside of suggestions which makes it even more comprehensive ... more creative,

so many frontiers that you could take ... fantastic tool, it’s a great experience to use it” –P5. P8 noted that widgets help in
narrowing down the focus, “It really narrows down the focus where I need to edit something, so if I click on the widget and

get some suggestions, I think I will also be able to select my focal points where I need to change something, where I need

to add something more, so that’s what I think about the suggestions, that’s what I think about all the prompts or all the

words that are found in the widgets”. P10 liked the flexibility of customizing the widgets. Widgets played a key role in
providing a “greater sense of control” — P3. For example, P15 described feeling a sense of “creative control” when using
widgets, stating, “I felt like it was my story because the widgets weren’t writing the entire text all at once, but rather in

small pieces,” giving them the impression that they, rather than the system, were deciding what should be written. P15
also appreciated that “you could go back and edit a previous widget without it changing the entire text.”

Although PromptCanvas emphasizes widgets, participants expressed a strong preference for being able to
manually edit the text in the editor. P15 mentioned, “I like that you can just go into the text and edit it yourself and

add a sentence.” P11 emphasized efficiency, stating, “More control in less amount of time”. P12 compared PromptCanvas
favorably to the conversational UI, noting that the latter often cut off previous text: “I think when I was regenerating the

text in the conversational UI, I noticed that some of my previous texts were being cut off and I did not like that. And I think

that in that case, PromptCanvas a lot more helpful. And it included the previous ones ... that I was trying to add, and the

new ones. So the summarized newer text was what I actually wanted to write, not that it was cutting off something. I find it

really important”. Moreover, P15 found the widgets intuitive and beneficial for beginners. However, P16 found the new
widgets required more learning but acknowledged their advantages.
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In lab study 2, we explicitly assessed perceptions of control and authorship using a 7-point Likert scale. Participants
reported a significantly stronger sense of control over the final outcome when working with PromptCanvas compared to
Wordcraft. A Wilcoxon signed-rank test showed a significant difference between conditions (𝑊 = 6.500, 𝑝holm = .0163),
with a large effect size (𝑟 = .772) and a confidence interval that did not include zero (CI = [1.500, 3.000]). Control
scores were substantially higher for PromptCanvas (M = 5.94, MED = 6.00) than for Wordcraft (M = 4.28, MED = 5.00),
indicating that participants felt more able to direct and shape the resulting text when working with PromptCanvas.

For authorship, the pattern was more modest. Although participants tended to report a stronger sense of authorship
with PromptCanvas, the difference did not reach statistical significance. PromptCanvas nevertheless showed slightly
higher ratings (M = 4.22, MED = 5.00) than Wordcraft (M = 3.67, MED = 4.50), suggesting a directional trend in favor of
the dynamic interface, though the effect was not consistent across participants.

Participants’ perceptions of ownership and control differed between the two tools in lab study 2. Many felt that
PromptCanvas offered better authorship, with P30 explaining they had “way more influence on the generated text” and
describing widgets giving “the control over the story.” P33 similarly noted feeling “more in control” because they could
choose and arrange widgets to shape the narrative. Others contrasted this with Wordcraft, which at times felt more
AI-driven. P15 remarked that in Wordcraft, it felt “as if the AI is taking control,” whereas PromptCanvas remained more
collaborative. Still, a few participants felt that PromptCanvas sometimes obscured exactly what changed in the text. P20
noted it was hard to “understand what parts . . . actually changed.” Meanwhile, some preferred Wordcraft for its local
control, with P31 stating that highlighting a sentence made them “only the sentence gets changed.” Overall, participants
saw PromptCanvas as supporting higher-level creative control, while Wordcraft enabled tighter, sentence-level edits.

6.1.7 Perception after Prolonged Use in the Wild. In the interview following the two-week field study, all participants
maintained a positive opinion of the system, finding the extended usage beneficial. When asked if the additional time
was necessary for understanding the system or if the initial lab study time was sufficient, nine out of ten participants
agreed that the extended time was not required, as they “already had good understanding” –P11. P3 mentioned that
the core functionality was straightforward and “with regards to how to use it, I don’t think we need the extended time.”

Other participants shared similar views, stating “it’s good having more time with it, so I could experiment and try different

things” –P15, and "that I had more time to explore and more time to play around. So that’s what actually having no time

limit benefited me" –P11. In contrast, P4 noted that in the lab study “there was some time constraint and the system was

new, so then it felt like the system was a bit difficult to understand, but when I had much time, then the system, the overall

environment, became very intuitive to me and after some time, I had no issues in conducting the whole setup. So I think

time helped a lot and the more I used the system, the more I started to like it.”

Over the two weeks, participants tested the system across various use cases. P2 engaged in writing motivational
letters, book reviews, and stories. P3 focused on email replies and creative writing. P17 used it for critical analyses, while
P11 explored prompt generation for image creation. P11, P13, and P14 tested programming tasks, with P14 remarking,
“It really performed well.” P14 also generated search engine optimized content and tested the system’s ability to work
with other languages by using Bengali content. Additionally, several participants expressed that image support would
be both beneficial and an “intuitive need” –P17. P11 tested this by generating prompts within PromptCanvas and then
using them in an external text-to-image generator, reporting positive outcomes. With extended use, participants became
more effective in using the system. For example, P15 achieved better results using multiple widgets for small, modular
aspects instead of high-level instructions. They adopted a workflow using widgets for modifications and prompts for
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Table 5. Creativity Support Index (CSI) results from lab study 1 (N = 18). Values show means (M), standard deviations (SD), 95%
confidence intervals (CI) for the paired mean difference, paired-samples t-test statistics, effect sizes (Cohen’s 𝑑 for paired samples),
and Holm-Bonferroni-corrected 𝑝-values.

Conversational UI PromptCanvas 95% CI 𝑡 𝑑 𝑝

Factor M SD M SD

Enjoyment 13.08 4.54 16.56 4.10 [0.89, 6.06] 2.84 0.67 .02
Exploration 11.78 5.69 16.83 3.17 [1.35, 8.76] 2.88 0.68 .02
Expressiveness 10.83 5.06 14.67 3.87 [1.19, 6.48] 3.06 0.72 .02
Immersion 10.00 4.21 14.61 4.86 [1.85, 7.37] 3.53 0.83 .01
Results Worth Effort 14.17 4.13 17.61 2.28 [1.67, 5.22] 4.10 0.97 .005

Overall CSI Score 61.66 19.06 82.09 12.47 [9.61, 31.26] 3.98 0.94 .005

Table 6. Creativity Support Index (CSI) results comparing Wordcraft and PromptCanvas (N = 18). Values as in Table 5.

Wordcraft PromptCanvas 95% CI 𝑡 𝑑 𝑝

Factor M SD M SD

Enjoyment 11.33 4.43 17.22 3.21 [3.31, 8.47] 4.81 1.13 .00049
Exploration 11.94 4.62 17.89 1.88 [3.58, 8.31] 5.30 1.25 .00029
Expressiveness 10.94 4.29 17.00 2.30 [3.82, 8.29] 5.72 1.35 .00015
Immersion 8.83 4.40 13.22 5.15 [0.92, 7.86] 2.67 0.63 .01623
Results Worth Effort 12.94 4.02 17.22 3.87 [1.91, 6.65] 3.81 0.90 .00280

Overall CSI Score 56.39 18.94 83.30 10.80 [15.97, 37.85] 5.19 1.22 .00030

editorial decisions, such as introducing a new character with a widget and later moving its introduction within the
story.

6.2 How Does PromptCanvas Support Creativity and Exploration? (RQ2)

In lab study 1, PromptCanvas provided significantly stronger creativity support than the conversational baseline across
all CSI factors (all Holm-Bonferroni-corrected 𝑝 < .03; see Table 5). As our study did not involve collaboration, we
omitted the collaboration factor following the practice from [16, 47] to avoid confusion. Participants rated PromptCanvas
higher on Enjoyment, Exploration, Expressiveness, Immersion, and Results Worth Effort, with medium to large paired
effect sizes (𝑑 = .67-.97). For example, PromptCanvas yielded higher Enjoyment (𝑀 = 16.56 vs. 13.08), Exploration
(𝑀 = 16.83 vs. 11.78), and Expressiveness (𝑀 = 14.67 vs. 10.83). The confidence intervals for all paired differences
excluded zero, indicating consistent improvements (e.g., Exploration: 95% CI [1.35, 8.76]). The Creativity Support Index
results from our two-week-long field study, shown in Table 7, found similar results (𝑀 = 79.73, 𝑆𝐷 = 17.73).

In the final survey of lab study 1, participants directly compared the creativity support between PromptCanvas and
the conversational UI (Figure 14). 67% of participants reported that they became so absorbed in the activity that they
forgot about the tool they were using. 78% of participants chose PromptCanvas as the more expressive tool. 89% of
participants found that they explored a wider range of ideas, options, designs, or outcomes using our system compared to
using the conversational UI. Furthermore, 89% of participants reported a higher level of enjoyment with PromptCanvas
than with the conversational UI. Using PromptCanvas made users feel their efforts were most worthwhile, with 67%
feeling satisfied with what they produced relative to the effort expended.
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Table 7. Creativity Support Index (CSI) results from our field study (N=10).

Factor Avg. Score SD

Enjoyment 16.50 3.58
Exploration 17.20 2.48
Expressiveness 15.10 4.85
Immersion 12.90 4.25
Results Worth Effort 16.40 3.75

Overall CSI Score 79.73 17.37
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different ideas, options, designs, or outcomes?

Which tool did you enjoy using more?

PromptCanvas                                 Conversational UI
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Fig. 14. (Lab study 1) Self-reported creativity support scores and preferences comparing PromptCanvas and the Conversational UI
(N=18).
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Which tool made you become so absorbed in the
activity that you forgot about the tool that you

were using?

Which tool allowed you to be very expressive?

Which tool was easy for you to explore many
different ideas, options, designs, or outcomes?

Which tool did you enjoy using more?

PromptCanvas                                 Wordcraft
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Fig. 15. (Lab study 2) Self-reported creativity support scores and preferences comparing PromptCanvas and Wordcraft (N=18).

These results were echoed in lab study 2 (Table 6), where PromptCanvas received substantially higher creativity
support than Wordcraft. PromptCanvas produced higher scores on every CSI factor. All differences were statistically
significant after Holm-Bonferroni correction (𝑝 < .02), with large effect sizes across factors (𝑑 = 0.63-1.35). Overall,
PromptCanvas also showed significantly and markedly higher creativity support compared to Wordcraft.

In the final survey of lab study 2, participants directly compared the creativity support of PromptCanvas and
Wordcraft (Figure 15). The majority consistently preferred PromptCanvas across all CSI dimensions. Enjoyment was
strongly in favor of PromptCanvas, with 89% of participants reporting that they enjoyed using it more. A similarly
large proportion (89%) indicated that PromptCanvas made it easier to explore a wide range of ideas, options, designs, or
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outcomes. PromptCanvas was also judged to be more expressive, with 83% of participants selecting it over Wordcraft.
Regarding immersion, 72% reported that PromptCanvas enabled them to become so absorbed in the activity that they
forgot about the tool itself. Finally, 72% of participants felt that what they produced with PromptCanvas was worth the
effort they invested, substantially higher than for Wordcraft.

6.2.1 Exploration. After the lab studies, all participants generally felt that the widgets helped them in finding unexplored
areas or ideas. During lab study 1, P14 mentioned, “For example, when I was writing about the story of AI robots, I was

only thinking about a dystopian future where AI controls society. But when I got the suggested widgets, I was able to add

the AI’s influences on society specifically when AI will interfere with human affairs and national politics. It was not given

at first in the generated story, but I could add it then. I couldn’t think of it if the widgets didn’t suggest this. So it was

really helpful. It made the story more suspenseful and good.” P8 added, “... when these dynamic widgets are suggesting

something, it is also giving us the ideas to explore more in those areas, so I think this is really cool”. Participants (P10,
P13) also appreciated how the widgets allowed them to incorporate new ideas and details into their writing without
reverting the text to its initial state.

Participants found PromptCanvas helpful for creative writing (P1, P2, P14). They noted that the tool encouraged
them to think in multiple directions (P1, P2), “I would say that it helped me to think more creative things, but when I

was thinking, it helped me to think in multiple ways” –P1. In addition, P3 added, “If it’s a more open-ended task ... you

don’t really know what ... the final form of your creative writing might be. Then I think those widgets would help ... having

suggestions for more general themes, especially for the short story portion, would definitely help a lot”. Furthermore, The
dynamic nature of widgets was described as a “game changer” by P5, who valued the ability to generate multiple lines
of thought quickly. This aspect allowed for rapid exploration of different story directions, “Dynamic in nature, that’s a

game changer, as I said, because those lines of thought, I mean, I’m not saying that they wouldn’t pop up, but it’ll take a

whole lot of time for me to... bring those up manually”.
In lab study 2, some participants appreciated the variety and meaningfulness of the widgets, noting that the system

often provided clearly differentiated widgets that supported exploration (e.g., P23, P30). P30 highlighted how these
suggestions broadened their creative space, explaining that the widgets offered “a wider area of things that maybe I didn’t

even think about” and helped reduce the effort of manually structuring the story. In contrast, participants repeatedly said
that Wordcraft limited exploration because of its linear, chat-like interaction style. Some thought it did not encourage
branching or experimentation. For example, P19 explained that Wordcraft “was not helping [exploration]. . . it was just
normal”. Several participants also stated that when they tried to change direction or revise earlier elements in Wordcraft,
the tool struggled to follow, reducing their ability to explore. Collectively, participants viewed PromptCanvas as offering
open-ended, flexible exploration, whereas Wordcraft tended to constrain exploration to a single unfolding narrative
path.

6.2.2 Diversity. Participants mentioned that widgets help avert the monotony of the generated text by making it more
personalized to the individuals (P4, P12). They appreciated the variety of suggestions provided, which improved the
quality and helped bring out the personal styles of their writing, “When you are writing something, sometimes we are just

too absorbed in the generated result that we are not thinking about the possibilities in which we can improve our writing

more, so having widgets that will suggest us more options can really improve the writings” –P4. P4 also noted, “I think in
making people’s writing more personal to them, they (widgets) just can be really helpful, the writings won’t be monotonous”.

Participants found PromptCanvas supports both structured input (P6) and diversity (P7, P10). P7 and P15 further
mentioned the advantage of having visible prompts through widgets, facilitating continuous editing and refinement
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of the text, “What happens in conversational UI is that you continuously are giving prompts... so once a new prompt is

given, and it has been applied the prompt goes out of the window. So when I’m having the widget, I can see what are my

exact prompts that are functioning” –P7. P15 valued the ability to see an overview of the story through widgets, which
allowed for focused changes: “It just comes down to seeing the overview of the story physically represented by the widgets.

It felt like, again, that’s how my mind pictures things. I like breaking things up into pieces. And so having the widgets,

seeing that part of the story broken up means I could focus down on that and change it without changing the entire story.

And then adding that into the text. And it only changed that part of the text”. P15 added, “... the widgets, having it broken
down in front of me and seeing the individual things. So that would be a bit more creative, I think”. Participants (P9, P12)
also mentioned that widgets helped them think outside the box, offering diverse points and even aiding in non-creative
tasks like writing biographies.

Participants also contrasted the diversity of ideas generated by PromptCanvas’s widgets with the suggestions
produced by Wordcraft. Many commented that PromptCanvas supplied a wide range of creative options, with one
participant noting that it surfaced “quite a lot of new options. . . interesting options, which I didn’t think before” –P34, and
some appreciated that PromptCanvas “always provides. . . the flexibility to get more suggestions” (P22pro.). This diversity
helped participants break from a single narrative line and explore different stylistic and thematic directions.

In contrast, several participants described Wordcraft’s suggestions as less diverse and sometimes repetitive, limiting
the breadth of ideas. Some found that Wordcraft pushed them toward whatever the model generated, with P19 saying
it “just generates long text”. Others noted that Wordcraft often followed a single direction and required considerable
prompting to deviate from it (P19, P30). Several participants added that Wordcraft’s inline rewriting tended to produce
variations of the same idea rather than distinct alternatives, reducing overall creative diversity (P6, P7, P31). As a result,
participants generally perceived PromptCanvas as providing richer and more varied creative stimuli, while Wordcraft
offered more incremental but narrower expansions of the text.

6.2.3 Outcome Text Quality Ratings. To examine how each interface shaped the linguistic qualities of participants’
writing, we analyzed three model-relevant text metrics: perplexity [38], lexical diversity using the Type-Token Ratio
(TTR) [38], and readability via the Flesch Reading Ease score [21]. Perplexity reflects how predictable the text is to a
language model, TTR captures vocabulary variety, and Flesch estimates clarity and accessibility. Together, these metrics
characterize how each interface influenced the style and structure of the resulting texts.

In lab study 1, we observed significant differences in language-based outcomes between PromptCanvas and the con-
versational UI. PromptCanvas (𝑀 = 0.647) yielded text with significantly higher lexical diversity than the conversational
UI (𝑀 = 0.586), as reflected in TTR scores, 𝑡 (17) = −3.93, 𝑝 = .0011, 𝑑 = 0.93. PromptCanvas (𝑀 = 45.3) also produced
lower Flesch Reading Ease scores than the conversational UI (𝑀 = 57.3), 𝑡 (17) = 3.14, 𝑝 = .0060, 𝑑 = 0.74. However,
these lower scores can also indicate a more formal or elaborate style rather than simply reduced readability. Finally,
PromptCanvas (𝑀 = 29.7) generated text with higher perplexity than the conversational UI (𝑀 = 23.0), 𝑡 (17) = −4.62,
𝑝 = .0002, 𝑑 = 1.09, indicating less predictable, more varied language. Overall, PromptCanvas encouraged participants
to produce more diverse, stylistically complex, and less model-predictable text.

In lab study 2, we again observed differences in the textual output produced by the two systems. PromptCanvas
(𝑀 = 44.9) generated text with significantly higher perplexity than the Wordcraft (𝑀 = 35.1), 𝑡 (17) = 2.77, 𝑝 = .040,
𝑑 = 0.65, 95% CI [2.32, 17.30], indicating that the text was less predictable for the language model and exhibited greater
surface-level variability. In contrast, no significant differences emerged for lexical diversity or readability: PromptCanvas
produced slightly higher TTR scores (𝑀 = 0.661) than Wordcraft (𝑀 = 0.615), and slightly lower Flesch Reading Ease
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Table 8. NASA-TLX and ease of completing tasks results comparing Conversational UI and PromptCanvas in lab study 1 and comparing
Wordcraft and PromptCanvas in lab study 2. Values show 95% confidence intervals (CI) for the median paired difference, Wilcoxon
signed-rank statistics (𝑊 ), rank-based effect sizes (𝑟 ), and Holm-Bonferroni corrected 𝑝-values.

Lab study 1 Lab study 2

Factor 95% CI 𝑊 𝑟 𝑝 95% CI 𝑊 𝑟 𝑝

Easy to Complete [−1.0, 2.5] 21.0 0.41 .460 [1, 3] 12.0 0.70 .035
Mental Demand [−3, −1] 9.5 -0.67 .117 [−3, −1] 29.5 -0.50 .135
Temporal Demand [−3, 1] 67.0 -0.11 .647 [−3, 1] 10.5 -0.55 .160
Performance [−1.0, 2.5] 17.0 0.34 .560 [1, 3] 6.0 0.75 .046
Effort [−4, 1] 18.5 -0.52 .222 [−3, −1] 3.5 -0.77 .052
Frustration [−3.5, −1] 2.5 -0.77 .138 [−4, −1] 4.5 -0.61 .160

scores (𝑀 = 64.5) than Wordcraft (𝑀 = 68.9). These non-significant differences suggest that, aside from perplexity, both
systems yielded comparable levels of vocabulary richness and readability.

6.3 How Does PromptCanvas Affect the Cognitive Load in Creative Writing? (RQ3)

We included RQ3 to evaluate how our concept impacts users’ cognitive load, in line with prior works on metacognitive
demands in generative AI [12, 25, 48]. Prior works show that traditional UIs can increase users’ mental effort by
requiring them to compose, remember, and revise complex (prompting) instructions in natural language, often without
structured guidance or feedback. PromptCanvas makes key aspects of the writing and prompting process persistently
visible and modular. Measuring cognitive load allows us to investigate whether this results in reduced mental demand
and frustration.

6.3.1 NASA-TLX and Ease of Completing Task. .
Participants evaluated their perceived cognitive load using the NASA-TLX after using each interface in the lab studies

(Table 8). In lab study 1, we did not observe statistically significant differences between the Conversational UI and
PromptCanvas after applying Holm-Bonferroni correction for any factor or ease of completing the task.

In Lab study 2, where we compared Wordcraft against PromptCanvas, performance ratings favored PromptCanvas,
with a 95% CI of [1, 3] (𝑊 = 6.0, 𝑟 = .75, 𝑝 = .046), indicating that participants felt more effective and capable when
using the system. Participants also rated tasks as easier to complete with PromptCanvas, reflected by a 95% CI of [1, 3]
(𝑊 = 12.0, 𝑟 = .70, 𝑝 = .035). Other dimensions, including mental demand, temporal Demand, effort, and frustration,
showed no statistically significant differences after Holm-Bonferroni adjustment. Overall, these findings suggest that
while overall workload levels were broadly comparable, PromptCanvas provided benefits in perceived ease of use and
effectiveness in lab study 2.

In the final survey of lab study 1 (Figure 18), participants compared their perceived cognitive load between Prompt-
Canvas and the conversational UI. PromptCanvas reduced frustration for 39% of participants (with 50% reporting no
frustration in either UI), lowered temporal demand for 39%, and increased feelings of success for 61%. Additionally, 56%
reported needing less effort when working with PromptCanvas.

Lab study 2 showed clear advantages for PromptCanvas (Figure 19) again in the final survey of lab study 2. Only 11%
of participants felt rushed when using PromptCanvas, compared to 67% with Wordcraft. Success ratings were higher
(83% felt more successful), frustration was lower (11% vs. 61%), and effort ratings again favored PromptCanvas (28%
vs. 50%). Overall, 89% of participants preferred PromptCanvas over Wordcraft. Together, these findings reinforce the
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Fig. 16. Raw NASA-TLX scores (Lab study 1) by factor and ease of completing tasks for conversational UI and PromptCanvas (N=18).
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Fig. 17. Raw NASA-TLX scores (Study 2) by factor and ease of completing tasks comparing Wordcraft and PromptCanvas (N=18).

pattern across both studies: PromptCanvas lowers cognitive demands and supports a more confident, less stressful, and
more satisfying creative workflow.

6.3.2 Widget Complexity. During the field study interviews, participants were asked if using widgets justified the
additional complexity they introduced. P3 pointed out that the usefulness of widgets depended on the task’s length:
for short responses, they seemed unnecessary, but for longer or more creative outputs, like creative writing or full
emails, they provided valuable control. Several participants appreciated how widgets reduced the need for multiple
prompts. P11 preferred creating multiple widgets over composing several prompts. At the same time, P18pro found them
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Fig. 18. (Lab study 1) Self-reported cognitive load and preference scores comparing PromptCanvas and the conversational UI (N=18).
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Fig. 19. (Lab study 2) Self-reported cognitive load and preference scores comparing PromptCanvas and Wordcraft (N=18).

“definitely worth it,” as they eliminated the need to “write multiple prompts or go through this chain of changing prompts.”

P18pro also mentioned that the widgets were useful as they visually preserved the context. P17 did not find the widgets
complex, describing them as “fantastic and very logical,” with “short sentences or short, relevant words.” However, P3
acknowledged that “using widgets does take a bit more time.” P8 felt this time investment was worthwhile for creative
tasks, saying, “a bit time-consuming, however, I am actually putting that time to bring out my creativity and bring out new

ideas, so if I’m focusing on writing.” While some participants noted that widgets added complexity, most viewed this as a
beneficial trade-off, especially for tasks requiring detailed control and creativity.

6.3.3 Efficiency and Efficacy. In lab study 1, P14 highlighted the efficiency of PromptCanvas, noting that “if I had
to change anything in the generated text in the conversational UI, I have to give a comment again and again and check

that out. But in PromptCanvas, it was quite efficient. I didn’t have to wait for the full generation like this. And I can only

give comments to a specific area of the generated text in the widgets. It was quite helpful.” Similarly, P17 appreciated
the flexibility provided by PromptCanvas, saying “The static one was more in one direction, so with the dynamic one

(PromptCanvas), it was really like, okay, I don’t have to push myself to you know harder to explore things or to create

something and get the result.” Additionally, P18pro valued the ease of directing the tool with less manual intervention,
stating “I think that the widgets helped me to direct the tool to a more specific ... direction that I wanted to go without

having to manually intervene as much. I think that we can do similar things with the conversational UI, but then I have to

write a lot more prompts.” P18pro further added, “So, even though the end result might be very similar, the efforts of getting

there seems like it is definitely more with the conversational UI.”
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In lab study 2, PromptCanvas was often described as more effective for shaping and refining ideas, with users
explaining that its spatial layout “made it easier to keep track of what I was doing” (P29) and helped them “quickly adjust

or build on earlier thoughts” (P33). P34 explained that PromptCanvas “felt like a learning curve” compared to Wordcraft.
P32pro. noted that the canvas allowed them to “map out [their] whole thought process visually”. Several noted that
being able to manipulate multiple widgets at once improved their ability to experiment efficiently, ultimately leading to
outputs they felt were “more intentional” –P31. In contrast, Wordcraft was seen as faster for producing immediate text,
with participants acknowledging that its linear chat flow “got something on the page quickly” –P24pro.. However, this
speed sometimes came at the cost of control: users reported that Wordcraft responses could “pull the story in directions I

didn’t want” –P27, making revision less efficient. Overall, while Wordcraft supported quick generation, participants
consistently felt that PromptCanvas enabled more effective task completion by allowing them to organize, iterate, and
steer their creative process with greater precision.

6.4 System Usability

After the two-week field study and lab study 2, participants generally reported positive impressions of the system’s
usability and visual design. P17 described the interface as “very good” and “eye soothing”, while P15 noted that they “like

the colors ... it’s easy to look at for a long time”. P26 similarly emphasized that the interface “made it a little more lively

with the color”, and P29 also characterized PromptCanvas as “simple to use”. Beyond aesthetics, P15 found the widgets
intuitive and helpful for beginners, whereas P16 mentioned that the new widgets required some learning but ultimately
offered clear advantages. Overall, participants perceived the visual tone, color palette, and layout of PromptCanvas as
supportive and engaging, contributing positively to their writing experience.

6.4.1 System Usability Scale. After having engaged in lab study 1 and field study, all 10 participants in the field study
completed the SUS questionnaire, which yielded an average score of 86.50 (𝑆𝐷 = 8.96), with a median of 90.00 and a
range from 67.50 to 97.50, visualized in Figure 20. These results rank PromptCanvas well above the usability benchmark
of 68, with most scores falling in the “excellent” range, typically above 85 [1]. The middle 50% of users rated the system
between 80.63 and 93.75, underscoring strong satisfaction with the interface’s usability. The minimum score of 67.50 is
close to the acceptable threshold, while the maximum of 97.50 shows that some users found the system nearly flawless.

Furthermore, during lab study 2, we compared the System Usability Scale (SUS) scores for PromptCanvas and
Wordcraft using a paired samples t-test. The SUS findings from Lab study 2 are consistent with the usability evaluations
collected in the field study. PromptCanvas received significantly higher SUS scores than Wordcraft (Figure 21), 𝑡 (17) =
2.28, 𝑝 = .036, with a mean difference of 15.14 (95% CI [1.10, 29.18]) and a corresponding effect size of 𝑑 = 0.81.
Descriptively, Wordcraft received a mean SUS score of 70.83 (𝑆𝐷 = 21.16,𝑀𝑒𝑑 = 75), whereas PromptCanvas received a
mean of 85.00 (𝑆𝐷 = 16.14,𝑀𝑒𝑑 = 92).

6.5 Which Tool Do Users Prefer?

This section compares how participants evaluated PromptCanvas across both lab studies: against the conversational UI
in lab study 1, focusing on preference and ease of use, and against Wordcraft in lab study 2, including differences in
writing approach.

6.5.1 PromptCanvas Vs. Conversational UI. The results of the lab study 1 indicate a strong preference for PromptCanvas
compared to the baseline conversational UI.
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Fig. 20. System Usability Scale results from our field-study (N=10).
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Fig. 21. (Lab study 2) System Usability Scale results from our final study (N=18) comparing Wordcraft and PromptCanvas.

General Preference. Notably, 89% preferred PromptCanvas over the conversational UI (Fig. 18). P1 recognized our
tool as a canvas, highlighting its strengths in exploration and creativity. They suggested that while the conversational
UI is suitable for time-constrained tasks, PromptCanvas might excel in scenarios where there is more time to explore
options. “I would suggest one thing. If you give a time test, I think this conversational UI is good. But if you don’t have

any time constraints, then PromptCanvas is very good. Because you are exploring many things” –P1. Similarly, P18pro

appreciated PromptCanvas’s flexibility in selecting different story settings and character details, finding it beneficial for
regular writing tasks: “This is, I think, something that I would appreciate in regular use.”

Ease of Use. Participants also found it easier to use PromptCanvas. P4 found PromptCanvas particularly convenient,
noting that it allowed for easy changes with simple clicks, contrasting this with the more cumbersome process in
the conversational UI (baseline): “PromptCanvas was a very convenient tool. In a conversational UI, I have to explain

to the tool every time I need a change, but in a dynamic UI, I can achieve that with a simple click.” P10 appreciated the
increased editing opportunities provided by PromptCanvas: “It provides you with more possibilities to do.” P2 enjoyed the
spontaneity of modifications without needing detailed instructions. Additionally, P12 found PromptCanvas versatile
and engaging compared to the monotonous Conversational UI: “The static tool was a bit monotonous ... I thought it had

way fewer options, and the dynamic one was really versatile and not boring.”

6.5.2 PromptCanvas Vs. Wordcraft. The results of the lab study 2 again indicate a strong preference for PromptCanvas
compared to Wordcraft.

General Preference. Notably again 89% preferred PromptCanvas overWordcraft (Fig. 19) in lab study 2. Many described
it as more enjoyable, flexible, and aligned with how they wanted to write. Some emphasized that it offered greater
control over the story, with P27 noting that they felt “more comfortable with PromptCanvas” and that its dynamic
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interface made it “really fun” to explore ideas. P33 also reported that the widget-based workflow felt “more intuitive” and
provided useful features like switching workspaces and zooming for focus. Even participants who acknowledged a brief
learning curve ultimately favored PromptCanvas. P34 explained that while the interface initially felt unfamiliar, “once I
got a hold of it, it was easier, and I felt it was more powerful.” In contrast, Wordcraft was occasionally preferred for its
simplicity, but participants often described it as more restrictive or less under their control. Overall, the majority favored
PromptCanvas for giving them clearer structure, greater creative agency, and a more engaging writing experience.

Ease of Use. Participants described clear differences in the ease of use of the two interfaces. Many found PromptCanvas
more intuitive and immediately approachable, with P35 emphasizing that it was “very intuitive, very easy” and “very

easy to understand and convenient.” P29 similarly noted that both tools were straightforward but that PromptCanvas felt
“really intuitive and simple to use” once they learned the basic interactions. Several participants also highlighted how the
visual layout reduced confusion; P27 explained that PromptCanvas was “more easy to use” because its dynamic interface
made it “really fun playing with the widgets.” In contrast, Wordcraft’s simplicity was appreciated but often described
as limiting: P31 stated that Wordcraft was “quite streamlined” and “very easy to use” but lacked flexibility, while P35
cautioned that Wordcraft might be “not that intuitive” for some users. Others noted a learning curve in PromptCanvas
(P34), but most felt that once understood, it offered a more supportive and accessible workflow overall.

Approach to Writing. Participants reported that their overall approach to writing shifted notably between the two
interfaces. With PromptCanvas, P30 described a shift toward a more structured, modular process, explaining that
PromptCanvas encouraged a “divide-and-conquer approach” where each widget could be arranged to give them clearer
control over different parts of the story. P33 further highlighted this contrast, noting that Wordcraft led them toward
a more “bottom-up” process of refining text line by line, whereas PromptCanvas supported a more “top-down” way
of structuring ideas, allowing them to organize and adjust larger story elements before polishing the details. Others
emphasized that the spatial layout encouraged planning and structure; P35 explained that PromptCanvas made it “really
easy to craft a draft. . . and visualize upfront”. In contrast, Wordcraft led participants toward a more incremental process.
P23 described it as “a little bit more iterative,” highlighting how they could “start with a text” and refine specific lines
through highlighting and revision loops. Some even felt that their writing mindset changed depending on the tool.
According to P23, PromptCanvas could at times make the process feel more hands-off, closer to proofreading, whereas
Wordcraft encouraged them to “iterate until it was fine.” Collectively, these accounts show how each interface not
only shaped the content produced but also reoriented participants’ underlying writing strategies, with PromptCanvas
encouraging exploratory ideation and Wordcraft supporting focused, line-level iteration.

6.6 Objective Telemetry

We complement the subjective results with objective interaction data collected from system logs in both lab studies.
Table 9, Table 10, and Table 12 summarize these telemetry metrics, capturing how participants engaged with each
interface during the writing tasks.

6.6.1 PromptCanvas vs. Conversational UI (Lab study 1). As shown in Table 9 and Table 10, participants interacted with
PromptCanvas in a more structured and fine-grained manner, creating, adjusting, and applying numerous widgets
throughout the tasks. By contrast, the conversational UI centered almost entirely on a small number of prompt
submissions. These patterns indicate that PromptCanvas distributed the writing process across many smaller, user-
controlled operations, whereas the conversational UI concentrated activity into a few large prompt submissions.
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Table 9. Telemetry data for the E-mail task in lab study 1, showing mean, standard deviation (SD), and median for each interaction
type across interfaces.

Interface Telemetry Mean SD Median

PromptCanvas Widgets generated (guided) 1.94 2.60 1.00
Widgets generated (suggested) 7.22 3.26 7.00
Empty widgets created manually 1.06 1.66 0.00
All widgets created 10.22 3.61 11.00

‘Apply widgets’ requests 2.72 1.56 2.50
Active widgets when requesting ‘Apply widgets’ 2.94 1.80 3.00
‘Apply prompt’ requests 2.00 1.28 2.00

Static Baseline ‘Apply prompt’ requests 4.83 3.20 4.50

Table 10. Telemetry data for the Story task in lab study 1, showing mean, standard deviation (SD), and median for each interaction
type across interfaces.

Interface Telemetry Mean SD Median

PromptCanvas Widgets generated (guided) 3.61 3.73 3.50
Widgets generated (suggested) 6.83 3.57 8.00
Empty widgets created manually 1.39 1.82 0.00
All widgets created 11.83 3.60 11.50

‘Apply widgets’ requests 3.78 1.73 4.00
Active widgets when requesting ‘Apply widgets’ 3.64 2.17 4.00
‘Apply prompt’ requests 2.17 1.62 2.00

Static Baseline ‘Apply prompt’ requests 6.33 4.00 6.50

6.6.2 PromptCanvas in Field Study. As shown in Table 12, participants in the field study made active use of PromptCan-
vas’s widget-based controls. They generated a mix of suggested, guided, and manually created widgets, resulting in an
average of nearly twelve widgets per session. Participants also applied widgets and prompts multiple times, indicating
that both structured controls and free-form instructions were integral to their workflow. Overall, the telemetry reflects
consistent engagement with widget generation and application as part of routine interaction with the system.

Table 11. Telemetry data from the field study for PromptCanvas, showing mean (M), standard deviation (SD), and median (MED)
across participants.

Telemetry Mean SD Median

Widgets generated (guided) 2.10 2.88 1.50
Widgets generated (suggested) 3.50 2.01 3.50
Empty widgets created manually 5.90 8.06 2.50
All widgets created 11.50 7.38 10.00

‘Apply widgets’ requests 9.40 6.77 8.00
‘Apply prompt’ requests 6.40 4.35 6.00
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Table 12. Usage statistics for the story task in lab study 2, showing mean, standard deviation (SD), and median for each interaction
type across interfaces.

Interface Telemetry Mean SD Median

PromptCanvas Story word count 239.28 124.07 199.50
Minutes to complete 9.17 3.47 9.10

Widgets generated (guided) 3.22 2.80 3.00
Widgets generated (suggested) 8.11 7.45 6.50
Empty widgets created manually 2.00 1.37 1.50
All widgets created 11.83 3.60 11.50

‘Apply widgets’ requests 4.78 1.99 4.50
Active widgets when requesting ‘Apply widgets’ 3.61 1.85 3.00
‘Apply prompt’ requests 1.22 0.65 1.00

Wordcraft Story word count 292.44 250.46 213.50
Minutes to complete 7.89 1.72 7.79

Requests made 6.72 2.02 7.00
Accepted suggestions 5.56 2.18 5.00

Table 13. Wordcraft request types in lab study 2, showing the total number of requests made and the number of accepted suggestions
with acceptance rate.

Request Type Requests Made Suggestions Accepted (%)

Rewrite 25 24 (96.00%)
Story seed 23 16 (69.57%)
Suggest a prompt 0 0 (0.00%)
Fill-in-the-blank 7 4 (57.14%)
Continue 16 14 (87.50%)
Next sentence 1 1 (100.00%)
Elaborate 5 2 (40.00%)
Custom 44 39 (88.64%)

6.6.3 PromptCanvas vs. Wordcraft (Lab study 2). In lab study 2 (Table 12), PromptCanvas and Wordcraft produced
distinct interaction patterns shaped by their respective affordances. PromptCanvas encouraged participants to create
and apply numerous widgets, leading to parallel adjustments with minimal prompting. Wordcraft, by contrast, centered
on a request-response workflow composed of large as well as locally scoped edits such as rewrites and continuations.
Sessions also differed in duration and output length, with PromptCanvas supporting longer interactions and Wordcraft
yielding longer texts. The systems also diverged in responsiveness (Table 14), with PromptCanvas returning outputs
faster than Wordcraft. Overall, the telemetry indicates that PromptCanvas encouraged compositional, workspace-based
refinement, whereas Wordcraft supported a more linear sequence of inline editing operations.
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Table 14. Model latency (in seconds) for all requests across interfaces in lab study 2, showing mean, standard deviation (SD), and
median.

Interface Mean SD Median

Wordcraft 8.69 3.63 8.97
PromptCanvas 4.47 2.05 4.15

6.7 Long-Form and Collaborative Writing with PromptCanvas

During the interview session for lab study 2, we explicitly asked participants about their perceptions of using Prompt-
Canvas for long-form or collaborative writing (e.g., multiple chapters, multiple writers). Participants offered nuanced
reflections on PromptCanvas’s suitability for long-form and collaborative writing, often emphasizing the benefits of its
spatial layout and multi-widget workflow. Several participants believed that the canvas structure would scale well to
multi-chapter projects. P22pro. stated that “for a long story, there can be different widgets. . . for each chapter,” noting that
chapter-wise arrangement could prevent the workspace from becoming chaotic. P24pro. similarly imagined long-form
writing as feasible through “different workspaces. . . for each person,” which could later be combined into a unified draft.
Others highlighted the collaborative potential of the canvas more explicitly. P26 described PromptCanvas as “perfect for
visual collaboration,” explaining that multiple writers could work on different sections while maintaining a “shared open
view.” P31 also felt that PromptCanvas could be “very seamless” for group work because widgets could be assigned
to different writers who could then “improve those sections, and rewrite the whole story”. P2 compared PromptCanvas
to Miro, suggesting it could function similarly for collaborative brainstorming sessions. Overall, most participants
saw clear potential for PromptCanvas in collaborative or extended projects, especially due to its visual workspace,
organizational flexibility, and ability to separate story elements across widgets.

6.8 Cross-Study Interaction Strategies

To synthesize recurring prompt-refinement and visual reasoning behaviors observed across studies, Table 15 summarizes
the strategies participants employed, their operational signals in the interface and telemetry, and where they were
observed in (Lab 1, Lab 2, Field).

7 Limitations and Ethics

While PromptCanvas demonstrated strong usability and creativity support, several limitations and ethical considerations
remain. We outline these considerations below, focusing on system performance characteristics, privacy and provenance
implications, questions of authorship and disclosure, and the scope of our participant sample.

7.1 System Performance

We stress-tested PromptCanvas with workspaces ranging from about 50-150 widgets to examine scalability. We found
that rendering stayed responsive, and even with 150 widgets, panning and zooming showed no frame-rate drops.
However, the output quality degraded, especially when many widgets were applied to shorter text. This turned out to be
less about the number of widgets and more about what the system was asked to do. A large set of simple widgets only
adds a few hundred tokens and barely affects latency, but a small number of complex, global constraints can strain the
model’s reasoning (e.g., enforcing a specific rhyme scheme throughout an entire passage). In practice, latency mainly
depends on total token count, while output quality suffers when too many instructions compete at once, leading to
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Table 15. Prompt-refinement and visual reasoning strategies observed across studies. The table synthesizes interaction behaviors,
observable interface signals, and qualitative evidence without introducing new measures.

Strategy Definition UI / Telemetry Signals Example Quote Observed In

Attribute
decomposi-
tion

Breaking high-level intent
into modular, adjustable
widgets

High number of widgets;
repeated “Apply widgets”
actions with few active
widgets per request

“If I had to change anything
in the generated text in the
conversational UI, I have to
give a comment again and
again. . . But in
PromptCanvas, it was quite
efficient.” (P14 in Lab 1)

Lab 1, Lab 2,
Field

Parallel ex-
ploration

Maintaining and adjusting
multiple constraints
simultaneously

≥3 active widgets per
application; spatial separation
of widgets on canvas

“Definitely worth it, because I
don’t have to write multiple
prompts or go through this
chain of changing prompts.”
(P18pro. in Field)

Lab 2, Field

Incremental
refinement

Iteratively applying small
adjustments rather than
issuing new full prompts

Fewer free-form prompt
submissions than baseline
interfaces; frequent widget
reuse and value edits

“I prefer creating multiple
widgets over composing
several prompts.” (P11 in
Field)

Lab 1, Field

Visual
grounding
of intent

Using spatial layout to
externalize and reason about
writing goals

Widget clustering,
repositioning, and persistent
on-canvas visibility

“The widget that controls the
address of the company, I just
put it beside where the
address of the company
actually is. So to maintain
that spatial relationship ... the
arranging of the widgets
really helped” (P3 in Lab 1)

Lab 1, Lab 2,
Field

Local and
global ad-
justments

Applying widgets selectively
to specific parts of the text
(e.g., Protagonist’s name) and
then having the effect globally

Applying widgets in stages;
selective
activation/deactivation;
chapter- or region-specific
widget use

“For a long story, there can be
different widgets. . . for each
chapter.” (P22pro. in Lab 2)

Lab 1, Lab 2,
Field

familiar issues such as some instructions being ignored, confusion about where a rule should apply, and drifting from
earlier constraints.

7.2 Privacy and Provenance

Although PromptCanvas stores no personal data beyond local browser storage, future versions should provide clearer
controls over how interaction history is captured, retained, or removed. Because AI-assisted writing involves layered
transformations, users may benefit from mechanisms that visualize how specific widgets or prompts influenced the
evolving text. ProvenanceWidgets [37] offers an instructive analogy: its lightweight overlays make interaction histories
visible through simple, in-situ visualizations of frequency and recency. Incorporating a similar provenance layer into
PromptCanvas would help users audit editing steps, understand how outputs evolved, and maintain transparency in
mixed-initiative writing without requiring any additional data collection beyond the local device.
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7.3 Authorship and Disclosure

As with prior systems such as Wordcraft [54] and professional-writer studies [26], issues of authorship, disclosure, and
cognitive ownership arise when human and AI collaborate. Participants in our study similarly described moments
where they were unsure which parts of the text reflected their own intentions versus the system’s suggestions. Findings
from lab study 2 reinforce this ambiguity. Although participants reported a clearer sense of control when working
with PromptCanvas, evaluations of authorship did not differ reliably between the two interfaces. This was further
complicated by the fact that most participants began by asking the system to produce an initial story draft, which made
it difficult for them to assess the extent of their own contribution later on. These patterns suggest that authorship
can be hard to discern in mixed-initiative writing workflows, regardless of interface design. Future work may need to
consider ways, such as contribution metadata or revision provenance, that help users understand how their input and
the system’s output are entangled when producing AI-assisted writing.

7.4 Generalizability

Our findings should be interpreted within the evaluated scope: short-form and extended creative writing tasks in-
volving iterative revision (e.g., emails, stories, and multi-paragraph drafts), conducted with participants comfortable
experimenting with new interfaces. While the underlying interaction principles may generalize, we do not claim that
PromptCanvas in its current form improves performance (e.g., writing efficiency, output quality, or cognitive load) for
all writing domains, populations, or production-scale workflows.

Across the two lab studies (18 participants in each, total 36) and the field study (10 participants), our sample offers a
reasonable range of perspectives but still does not represent the full diversity of writing practices or domains. Future
research could broaden participant diversity further and include a dedicated subgroup of professional writers to examine
how their workflows and expectations align with or diverge from those observed here. It may also be interesting to
evaluate PromptCanvas in additional domains, such as technical writing or SEO-oriented tasks, to assess whether the
system’s benefits and limitations generalize beyond the creative-writing scenarios investigated in this work.

8 Discussion and Future Work

In this work, we investigated how dynamic widgets can be used to improve user interaction and creativity and
provide greater control over generated content (RQ1). We also assessed whether dynamic widgets for iterative and
structured prompting offer better creativity support compared to a conversational UI (RQ2) and structured writing
tool, Wordcraft [54], and explored whether they help reduce cognitive load in creative writing tasks (RQ3). The results
indicate that PromptCanvas enables a more exploratory and iterative approach, allowing users to experiment with
different aspects of their work more freely. Below, we will address some of the current limitations while emphasizing
opportunities for future research.

8.1 Widget Organization and Interdependence

PromptCanvas supports real-time widget creation through user-entered prompts, system suggestions based on draft
text, and from scratch by double-clicking on the canvas. In addition, each widget includes contextual suggestions
as shown in Figure 4 to help users formulate or refine attribute values, providing authoring support within the UI.
Each widget includes not only a key:value pair but also a panel of context-aware suggestions and multiple interaction
options like extracting values from the text or generating alternatives. With these features, PromptCanvas supports
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creating widgets and then iteratively refining their content, which goes beyond pure widget suggestions. The objective
telemetry data further support this. PromptCanvas sessions involved widget creation and parallel adjustments, reflecting
a more compositional and exploratory workflow, whereas Wordcraft interactions were characterized by shorter, linear
sequences of request-response edits.

While the features in PromptCanvas supported rich and exploratory workflows, participants’ experiences also
highlighted challenges that emerged as the number of widgets increased. Here, we describe these challenges and their
implications for interface design .

Widget-induced instruction overload and canvas clutter. Although multiple participants found our UI to be aestheti-
cally pleasing, participants encountered issues with organizing widgets on the canvas (see Section 6.1). As widgets
accumulated, participants reported increased cognitive load, leading to visual clutter and higher navigation effort, and in
some cases reduced output quality when multiple constraints competed over short or moderately scoped text. In these
situations, the model could apply constraints inconsistently or drift from earlier specifications, reflecting instruction
overload rather than the mere number of widgets.

To improve navigation and traceability, participants suggested organizing widgets through clustering by purpose,
color-coding to distinguish functions, and highlighting text regions or changes associated with specific widgets. Beyond
usability benefits, such an organization (currently user-controlled) could also serve as an additional input channel to
the AI by conveying relationships between closely grouped concepts. Together, these observations suggest that scalable
widget systems should support mechanisms for managing constraint complexity, including grouping related widgets,
collapsing inactive ones, scoping widgets to specific text regions, and applying constraints incrementally rather than
simultaneously to reduce overload in complex workflows.

Onboarding and conceptual overhead. Widgets introduce an upfront conceptual cost compared to single-prompt
interfaces. Participants noted that creating and managing widgets can take more time, especially for short or low-stakes
tasks where the benefits of persistent structure are less immediate. As a result, widgets may be less suitable for brief,
one-off interactions.

These observations suggest hybrid or adaptive designs that progressively introduce widgets, use system-suggested
defaults, or adjust interface complexity based on task length and user experience to reduce initial friction.

Widget interdependence and semantic coupling. The widgets currently function as largely self-contained interface
elements and are not coupled to one another. However, changes to one widget may have semantic implications for others,
requiring corresponding updates to their values or available options. For example, changing a character’s attributes in
a story (e.g., from daughter to son) would likely affect related constraints such as proposed names. Supporting such
semantic coupling between widgets represents an opportunity for future iterations of widget interfaces.

8.2 Supporting Creativity and Exploration

PromptCanvas significantly supports creativity compared to the conversational UI as well as Wordcraft (RQ2). The
results from Section 6.2 demonstrate that users find PromptCanvas more helpful in creative writing and idea generation,
with creativity support scores remaining similarly high across both lab studies, highlighting the robustness of this effect.
Importantly, the text outcome quality ratings echo these subjective findings, PromptCanvas consistently produced text
that was more varied and exploratory. These results also suggest that most users explored themes they might not have
considered without the dynamic widget suggestions provided by PromptCanvas, similar to observations by Vaithilingam
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et al. [50] and Barke et al. [6].Unlike the static nature of traditional conversational UIs or structured writing tools,
PromptCanvas offers a dynamic, interactive environment where users can manipulate widgets to explore and refine
their creative outputs with better enjoyment (Table 6). In contrast, the structured writing tool Wordcraft offered more
incremental but narrower expansions of the text. Finally, participants generally perceived PromptCanvas as providing
richer and more varied creative stimuli, while Wordcraft offered more incremental but narrower expansions of the
text. This approach not only enables a more engaging creative process but also supports non-professional writers by
providing intuitive tools that help them overcome obstacles in creative writing. By enabling users to experiment with
different text elements and receive contextually relevant suggestions, PromptCanvas empowers individuals with less
experience in creative writing to generate and express their ideas more effectively (Section 6.3).

8.3 Supporting Customizability and Control

Our study suggests that PromptCanvas offers advantages in personalization and customizability (Section 6.1) through
its dynamic widgets (RQ1). These widgets allow users to customize their interface to better suit individual preferences
and needs. Users also reported feeling a greater sense of control over the generated text (Section 6.1), which aligns
with the principles of managing one’s cognitive resources [48]. According to Tankelevitch et al. [48], metacognition
is the psychological ability to monitor and regulate one’s thoughts and behaviors, and generative AI systems place
metacognitive demands on users. We envision that the dynamic widgets of our generative AI frontend, PromptCanvas,
can reduce metacognitive demand by enhancing customizability. Customizability can support cognitive control by
providing a more adaptable interface [29].

Moreover, current generative AI systems often require verbalized prompting, demanding self-awareness of task goals
and decomposition of tasks into sub-tasks [48]. The results from Section 6.2 show that participants viewed dynamic
widgets as a means to break down tasks, enhancing their ability to manage and execute complex workflows. Additionally,
users found that using PromptCanvas made the results worth the effort they put in (Table 5). By guiding reflection and
prompting towards a more structured and interactive use of generative AI, our concept of PromptCanvas might be able
to help users engage more deeply with their creative tasks.

Results from Section 6.1 indicate that, in the field study, participants used PromptCanvas not only for creative tasks
but also for programming, demonstrating the system’s versatility beyond creative writing. This extension into non-
writing tasks further emphasizes the customizability and adaptability of PromptCanvas, allowing users to personalize
their experience for a variety of workflows. This broader applicability highlights the system’s potential to serve diverse
needs, extending beyond writing to other domains such as coding.

8.4 Reducing Cognitive Load

Although the dynamic nature of PromptCanvas could be expected to increase cognitive load [50], the results from
Section 6.3 show that overall workload levels were broadly comparable across interfaces. In lab study 1, no NASA-TLX
factor differed significantly after Holm-Bonferroni correction. In lab study 2, however, participants felt more effective
and capable when using PromptCanvas, reflected in significant differences in performance. Participants also described
feeling less irritated, more productive, and better supported during exploration, suggesting that the dynamic, widget-
based interface helps them manage creative writing tasks more effectively. By allowing users to manipulate widgets
for contextual suggestions and seamless exploration, PromptCanvas creates a supportive environment for managing
creative writing tasks.
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8.5 Extending the Concept to Long-Form, Collaborative, and Other Domains

Inspired by previous research in visualization (e.g., DynaVis [50]) and systems like Luminate [46], we expect the concept
of PromptCanvas to be applicable more broadly. Findings from our study already point in this direction. Results from
Section 6.1 suggest that PromptCanvas could extend beyond text-based creative tasks to visual content generation,
where dynamic widgets may support iterative refinement of images or other media. Such workflows would allow
users to adjust stylistic parameters, inject specific elements, or explore alternative visual directions, demonstrating the
versatility of a widget-based prompting paradigm across creative domains. The canvas design also supports a wide
range of widget types. Future additions could include standard interface elements (e.g., date pickers, sliders, checkboxes),
similar to those in DynaVis, or domain-specific tools like those in Textoshop [34], enabling more targeted customization
and user control.

Our results also indicate that PromptCanvas could support long-form and collaborative writing. Participants in lab
study 2 noted that its spatial layout and multi-widget workflowmay scale to multi-chapter or multi-author projects, with
separate sections that can be organized and later combined. They also felt the shared visual workspace could facilitate
parallel work and coordination across contributors. These reflections suggest potential for applying the PromptCanvas
approach to extended or multi-author workflows.

9 Conclusion

In this work, we introduce PromptCanvas, using dynamic widgets as a novel solution to address the limitations of
current UIs for generative AI in creative writing. Our studies demonstrate that by incorporating customizable interactive
elements, our system enhances user control, reduces cognitive load, and supports iterative exploration and the creation
of a personalized workspace. The findings reveal that dynamic widgets significantly improve user experience and
facilitate more effective, user-centered interaction with AI. This research emphasizes the importance of user-driven
customization and flexibility in unlocking the creative potential of humans in AI-driven writing support, leading to
more meaningful and productive writing interactions.
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Table 16. The prompt used in PromptCanvas for generating control widget. The bold text in the ’Prompt’ column is a placeholder for the real values to be inserted. The italic
text will not be included if its variable is empty.

Prompt Example Inputs Example Response

SYSTEM MESSAGE:
Objective:
Your task is to analyze the provided text and isolate individual attributes, transforming them
into distinct control widgets.
These widgets represent different components of the text in an editable format, allowing users
to modify specific aspects of the text.

Control Widgets Definition:
Each control widget should serve as an abstract representation of a specific element or
attribute of the text.
The generated widgets should balance creativity and usability, making them practical for text
modification and valuable to the user.
Properties of each control widget:
1. Title:
- A brief description that indicates the specific element of the text it represents and modifies.
2. Value:
- A representation of the text’s current value corresponding to the widget’s focus.
3. Options:
- A set of up to 3 generated suggestions related to the widget’s focus and the provided text.
- These suggestions should spark creativity and offer alternative formulations.

Additional Requirements:
- Unless stated otherwise, produce between 1 and 4 widgets for each response.
- Value usefulness over quantity.
- Adapt the voice and tone used in the provided context.
- Maintain a non-verbose and journalistic style.

USER MESSAGE:
I want you to generate widgets specifically designed to modify the following aspect:
"""prompt"""

Do not include any of the following widgets, as they have already been generated:
"""existingLabels"""

Base the widgets on the following text:
"""text"""

prompt = “Princess’s Appearance”

existingLabels = “Story Length,
Plot”

text = “The knight defeated
the evil dragon and saved the
princess.”

{
"items": [
{
"label": "Princess’s Eye Color",
"value": "Unknown",
"options": [
"Sapphire Blue",
"Green",
"Golden Brown"
]
},
{
"label": "Princess’s Attire",
"value": "Unknown",
"options": [
"Traditional gown",
"Armored battle dress",
"Silk kimono"
]
},
{
"label": "Princess’s Accessories",
"value": "Unknown",
"options": [
"Silver hairpins with moon-
stones",
"Amulet with crystal charms",
"Jeweled scepter"
]
}
]
}
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Table 17. The prompt used in PromptCanvas for generating more options for a control widget. The bold text in the ’Prompt’ column is a placeholder for the real values to be
inserted. The italic text will not be included if its variable is empty.

Prompt Example Inputs Example Response

SYSTEM MESSAGE:
You will receive a text and one extracted attribute from that text. The user can modify this
attribute by selecting a value from a set of options.
Your task is to return a set of value suggestions for the specified attribute.

Additional Requirements:
- Ensure the suggested options are relevant and useful for modifying the attribute in the
provided context.
- Ensure the suggested options are designed to inspire creativity and fresh ideas.
- Adapt the voice and tone used in the provided context.
- Maintain a non-verbose and journalistic style.
- Generate only 2 options per response!

USER MESSAGE: Attribute:
"""label"""

Do not include the following options because you have already generated these: options

Text:
"""text"""

label = “Story Length”

options = “One Sentence, Epic
Saga, Short Story”

text = “The knight defeated the
dragon and saved the princess.”

{
"items": [
"Two Sentences",
"Haiku"
]
}
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Table 18. The prompt template for extracting a widget’s current value from the text editor’s content. The bold text represents variables, for the real values to be inserted.

Prompt Example Inputs Example Response

SYSTEM MESSAGE:
1. Read the provided text and identify the specified attribute.

2. Generate a value that represents the attribute in the context of the text.

- The value should be a concise, clear and descriptive representation of the attribute’s essence.

USER MESSAGE:
Attribute:
"""label"""

Text:
"""context"""

label = "Rescued Entity"

context = "The knight defeated
the evil dragon and saved the
princess."

“princess”

M
anuscriptsubm

itted
to

A
CM



Prom
ptCanvas

51
Table 19. The prompt used in PromptCanvas for manipulating the text editor’s content based on the control widgets. The bold text in the ’Prompt’ column is a placeholder
for the real values to be inserted.

Prompt Example Inputs Example Response

SYSTEM MESSAGE:
You will receive a text and a set of attributes with corresponding values. Each attribute-value
is a specification for the text.

Your task is to apply these to the given text:
1. Read the text and the provided attributes carefully and gain an abstract understanding of
the text.
2. Rephrase the attribute-values into natural language descriptions that guide how to modify
the text.
3. Modify the text to match the provided values for each attribute.
4. Return only the modified text as a response.

Ensure that the final modified text is coherent, logical.
Maintain the original context and meaning, as well as the voice and tone used in the provided
text.

USER MESSAGE:
Requirements:
"""requirements"""

Text:
"""text"""

requirements = {
"Story Length": "One sentence",
"Knight’s name": "Sir Ucci",
"Princess’s name": "Marlies",
}

text = “The knight defeated the
dragon and saved the princess.”

“Sir Ucci defeated the dragon and
saved Princess Marlies.”
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Table 20. The prompt used in PromptCanvas for manipulating the text editor’s content with natural language prompts. The bold text in the ’Prompt’ column is a placeholder
for the real values to be inserted.

Prompt Example Inputs Example Response

SYSTEM MESSAGE:
Please apply the following prompt to the provided text.
The new text should follow the instructions in the prompt while preserving the original
context and meaning.
Always return the modified text as a response.
If the provided text is empty, generate a new text based on the prompt.

USER MESSAGE:
Prompt:
"""prompt"""

Text:
"""text"""

prompt = “Replace the dragon
with a group of bandits.”

text = “The knight defeated the
dragon and saved the princess.”

“The knight defeated the group of
bandits and saved the princess.”
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