
Compositional Structures as Substrates for Human-AI Co-creation
Environment: A Design Approach and A Case Study
Yining Cao

University of California, San Diego
San Diego, California, USA

yic069@ucsd.edu

Yiyi Huang
University of California, San Diego

San Diego, California, USA
yh89360@gmail.com

Anh Truong
Adobe Research

New York, California, USA
truong@adobe.com

Hijung Valentina Shin
Adobe Research

Cambridge, Massachusetts, USA
vshin@adobe.com

Haijun Xia
University of California, San Diego

San Diego, California, USA
haijunxia@ucsd.edu

Freeform Canvas for 

Asset Collection

Linear Text Editor for

Narrative Development

Grid-Based Planner for

Scene Planning

Timeline Editor for 

Temporal Sequencing

Figure 1: The user interface of VideOrigami, a human-AI video co-creation environment, developed using the proposed approach
of combining compositional structures and AI. The compositional structures facilitate inspection and control of AI generation,
and AI facilitates information transformation and synchronization within and across the structures.

Abstract
It has been increasingly recognized that effective human-AI co-
creation requires more than prompts and results, but an environ-
ment with empowering structures that facilitate exploration, plan-
ning, iteration, as well as control and inspection of AI generation.
Yet, a concrete design approach to such an environment has not
been established. Our literature analysis highlights that composi-
tional structures—which organize and visualize individual elements
into meaningful wholes—are highly effective in granting creators
control over the essential aspects of their content. However, effi-
ciently aggregating and connecting these structures to support the
full creation process remains challenging. We, therefore, propose
a design approach of leveraging compositional structures as the
substrates and infusing AI within and across these structures to
enable a controlled and fluid creation process. We evaluate this
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approach through a case study of developing a video co-creation
environment using this approach. User evaluation shows that such
an environment allowed users to stay oriented in their creation
activity, remain aware and in control of AI’s generation, and enable
flexible human-AI collaborative workflows.

CCS Concepts
• Human-centered computing→ Graphical user interfaces;
Natural language interfaces; Collaborative interaction.

Keywords
Design Approach, Compositional Structures, Human-AI Collabora-
tion, Video Creation

ACM Reference Format:
Yining Cao, Yiyi Huang, Anh Truong, Hijung Valentina Shin, and Haijun
Xia. 2025. Compositional Structures as Substrates for Human-AI Co-creation
Environment: A Design Approach and A Case Study. In CHI Conference
on Human Factors in Computing Systems (CHI ’25), April 26–May 01, 2025,
Yokohama, Japan. ACM, New York, NY, USA, 25 pages. https://doi.org/10.
1145/3706598.3713401

https://orcid.org/0000-0002-3962-2830
https://orcid.org/0009-0001-8941-8061
https://orcid.org/0009-0005-5409-7287
https://orcid.org/0000-0001-8798-4580
https://orcid.org/0000-0002-9425-0881
https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0
https://doi.org/10.1145/3706598.3713401
https://doi.org/10.1145/3706598.3713401
https://doi.org/10.1145/3706598.3713401


CHI ’25, April 26–May 01, 2025, Yokohama, Japan Cao et al.

1 Introduction
Content creation is inherently iterative, involving exploration, plan-
ning, and refining. While advanced AI models are capable of gen-
erating high-quality text, images, and video clips from prompts
[2, 14], the HCI community has argued that relying on the prompt-
generation paradigm alone is inefficient due to the lack of con-
trollability and interpretability desired in the creative processes
[108, 109]. Prior works have explored leveraging various external
structures to augment human-AI collaboration: such as leverag-
ing a chain structure to break down a complex task into smaller
steps [100], employing content-specific structures to control AI
generation (e.g., narrative structure in writing [50, 111]), and orga-
nizing generated text using diagrams and hierarchical structures
for comprehension [48, 78].

These prior works collectively suggest that effective human-
AI co-creation of complex content (e.g., scientific writing, music,
narrative video) goes beyond simple prompt-generation cycles, re-
quiring an environment with empowering structures to ground AI
generation, facilitate human ideation, and support design iteration
[62, 71, 76, 100]. Yet, there has not been an explicitly formulated
approach to guide the development of such environments. Specifi-
cally, we lack systematic guidance on (1) what is the design process
to follow, (2) what are the essential structures to consider, (3) how
should AI be integrated with these structures, and (4) what are
the benefits and challenges of such an environment. This work
attempts to answer these questions.

Toward this goal, we surveyed prior research that investigated
challenges and developed systems to support creative activities
in a variety of domains, including writing, multimedia posts, pod-
casts, music, and video production. From this analysis, we identified
a common approach in designing interfaces for supporting vari-
ous forms of content creation: the use of compositional structures.
We refer to compositional structures as structures that visualize
and organize individual components of content into a cohesive and
meaningful whole based on specific content aspects.

Our analysis revealed that compositional structures address four
key content aspects: spatial (e.g., layout in graphical design), tem-
poral (e.g., pacing in videos), narrative (e.g., storytelling coherence),
and congruent (e.g., integration of multimodal elements such as
text, visuals, and audio). For example, a narrative graph represents
storylines as nodes and edges, enabling creators to inspect the flow
of narrative points and experiment with alternatives; a multi-track
timeline organizes individual video and audio clips along a tempo-
ral axis, supporting creators in sequencing, aligning, and adjusting
the pacing of the clips. These structures not only assist in orga-
nizing and editing content by defining individual components and
their organizational rules, but also provide functional affordances
that guide creators through complex workflows, enabling efficient
inspection, iteration, and refinement. While these structures can
be employed individually, complex creative processes often require
multiple structures to interoperate. For example, in narrative video
creation, a timeline may synchronize with a storyboard to ensure
the alignment between visual sequences and story progression.

Informed by the literature analysis, we propose a design ap-
proach for developing human-AI co-creation environments, which

consists of four steps (1) identifying relevant compositional struc-
tures and their desired interconnections, (2) designing individual
structures tailored to content aspects and workflow requirements,
(3) aggregating these structures into a unified environment, and (4)
infusing AI to support content creation and synchronization. With
this approach, we aim to provide actionable guidance for building
environments that balance human agency with AI augmentation,
enabling effective human-AI co-creation.

An ideal evaluation of a design approach is to test it across mul-
tiple domains. This is challenging in terms of scope, as building
an environment to support a single domain’s extended workflow
demands substantial design and development effort. Therefore, we
opted for a case study in video creation. This domain encompasses
the four content aspects identified in our literature analysis—spatial,
temporal, narrative, and congruent—and thus warrants reasonable
generalizability. We conducted a formative study to identify com-
mon compositional structures in video creation workflows as well
as practices and challenges associated with these structures. We
then developed a human-AI video co-creation environment, Vide-
Origami, by infusing these compositional structures with AI. We
evaluated this co-creation environment by conducting a user eval-
uation with ten video creators. This study enabled us to investigate
the benefits and challenges of such an environment and discover
new creation patterns resulting from the reduced cost of aggregat-
ing compositional structures and integrating AI.

Together, this work makes the following contributions.
• A literature analysis of prior work across multiple creative
domains, identifying compositional structures as a foundational
design element for human-AI co-creation environments and sum-
marizing the design practices, challenges and opportunities of
leveraging compositional structures.

• A design approach that proposes using the compositional struc-
tures as substrate for human-AI co-creation environment to
ground the generation process; and infusing AI within and across
these structures to enable flexible creation workflows.

• A case studywhere we developed a human-AI video co-creation
environment, demonstrating the feasibility of instantiating the
proposed approach.

• A user evaluation of the developed environment, validating the
effectiveness of the approach and uncovering new patterns of
human-AI collaboration enabled by the integration of composi-
tional structures and AI.

2 Related Work
Our research proposes a human-AI collaboration paradigm by
grounding AI automation with compositional structures. We herein
review prior work on human-AI collaboration and the role of com-
positional structures in scaffolding content creation. Additionally,
we examine relevant literature on video creation.

2.1 Supporting Human-AI Collaboration
Recent advancements in generative AI are shifting content creation
from relying on low-level manual editing to guiding AI with high-
level instructions and goals [3, 16, 81]. This is a significant step
towards the human-AI symbiotic collaboration that Licklider envi-
sioned [56]. To support effective human-AI collaboration, recent
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work has made progress on various fronts, including design guide-
lines [7, 45], analytical frameworks [74, 82], and interaction tech-
niques [48, 98]. For example, Amershi et al. proposed guidelines for
designing human-AI interaction, which describe the desired high-
level qualities of human-AI interfaces, such as �show contextually
relevant information� and �learn from user behavior� [7]. Terry et
al. and Subramonyam et al. proposed extending Norman's Gulfs of
Execution and Evaluation with Process Gulf [82] and Envisioning
Gulf [74], respectively, to better model human-AI interaction.

Recognizing the lack of control and interpretability of the prompt-
generation paradigm, prior work explored incorporating various
structures into human-AI interaction, such as breaking down com-
plex tasks into granular steps [100], visualizing the generation space
using key content dimensions [15, 76], adding additional visual
structures (e.g, human poses) to control image generation [110], us-
ing narrative structure [111], node-link structures (e.g.,diagrams [48],
and hierarchical spatial structures [78]) to organize generated text.

We extend the prior work on employing structures to improve
human-AI interaction. Beyond utilizing individual structures for
speci�c tasks, we explore how to develop co-creation environments
enriched with these structures [53, 62, 71]. Buschek's work on AI
writing tools o�ers a related perspective, identifying an interface
design pattern of collaging fragmented views to create the interfaces
of writing systems [17]. Our approach also draws on the concept of
information environments built from �information substrates" [11,
34, 54, 107]. We propose employing compositional structures as a
type of substrates, and infusing AI within and across them to create
the human-AI co-creation environments.

2.2 E�ectiveness of Compositional Structures
Compositional structures that describe the form, arrangement, and
relationships of components have been found to be e�ective in
facilitating the creation, consumption, evaluation, and iteration of
information content [18, 52, 55, 69].

Visualizing compositional structures can help users develop an
overall understanding of the content and enable e�cient consump-
tion. For example, exploded-view drawings are e�ective in commu-
nicating the composition of various parts to inform the assembly,
disassembly, and repair of mechanical components [55]. The table
of contents in books enables readers to quickly review the structure
of a book and facilitate navigation. Similar structures have been
adopted to assist in the consumption of videos by segmenting long-
form videos into smaller and skimmable chunks based on narrative
structures, such as SceneSkim [64] and Video digests [65].

During content creation, compositional structures enable cre-
ators to inspect and de�ne the structures of the content and support
structural revision [33, 50]. For example, exploring the composi-
tion of ideas during pre-writing was found e�ective in improving
writing quality [ 33], and reverse outlining can e�ectively aid in
the structural revision of the documents [52]. For music, compo-
sitional structures have been devised to facilitate the composition
of chords [37] and the entire music score [38]. For �lmmaking, the
three- or �ve-act narrative structures are established practices to
create compelling narratives [32]. Inquiry-based structure is com-
monly used in science communication videos to maintain viewer

engagement [105]. Screenplay, storyboards, and audio-video scripts
are commonly used to plan and develop �lms and videos [32, 58].

Given the e�ectiveness of compositional structures, recent work
has sought to leverage them to assist human-AI co-creation. For
example, research explored leveraging compositional structures to
help writers plan, organize, and revise their writing with AI, such
as using AI to generate outlines [26] or to generate passages based
on argumentative structures [111]. Metaphorian supports creating
extended metaphors by allowing users to de�ne the structures of
concepts they want to explain and leverage AI to generate sets of
concepts exhibiting congruent structures [50]. These works, how-
ever, typically focus on utilizing a single compositional structure. In
contrast, most content creation involves extended work�ows that
interleave many compositional structures in a highly dynamic and
contingent manner [61, 75]. Therefore, we explore how to develop
human-AI co-creation environments with multiple compositional
structures that support an entire creation work�ow.

2.3 Supporting Video Creation
Video is a highly versatile medium that can integrate various forms
of content, such as images, animations, text, infographics, sketches,
sounds, and recordings. Composing these numerous heterogeneous
materials of di�erent modalities and formats into a coherent audio-
visual piece is a highly challenging and tedious task, and therefore,
received signi�cant attention from HCI.

Researchers and practitioners have proposed principles and prac-
tices regarding video composition, and developed many authoring
support systems based on them. For example, the Congruence Prin-
ciple states that the content and format of the visual content should
be congruent to those indicated in the narrative [87]. Leveraging
the desired congruence between the visual content and the un-
derlying narrative, research has explored o�oading the tedious,
frame-level interactions of clips such as visual search [46, 103], cut
placement [12, 84], and clip sequencing [67, 68, 91, 95] with the
synchronized manipulation of the corresponding scripts [12, 101].
For example, Quickcut enables the automatic assembly of shots
into a whole video by temporally aligning the shots with the video
script [84]. Crosspower leverages the semantic structures in the
scripts to facilitate the spatial composition of visual materials in
the scene [101]. Research has also explored leveraging the compo-
sitional structures of existing content in other media to generate
videos. For example, end-to-end systems have been developed to
create videos by transforming the composition of static content
(e.g., documents, webpages), such as generating TikTok videos from
news articles [96] and marketing videos from websites [23].

We developed a human-AI video co-creation environment fol-
lowing our proposed design approach. As we will demonstrate, the
interconnected and intelligent compositional structures serve as a
versatile interface foundation that can coherently support many of
the existing techniques but also a�ord new ones in the context of
human-AI co-creation. Additionally, our user evaluations provide
new insights into the challenges and opportunities in human-AI
co-creation. The notorious complexity of video content and its
work�ow make video creation an ideal domain for validating the
design approach, warranting considerable generalizability of the
proposed approach and the resulting �ndings.
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3 Compositional Structures as Substrates: A
Design Approach

We grounded the development of the design approach in the existing
literature dedicated to designing interactive systems for content-
creation activities. Speci�cally, we sought to understand:how exist-
ing systems design compositional structures to support the develop-
ment of the various aspects of the content.We analyzed work target-
ing diverse domains, including writing, music, podcasts, interactive
media, and video. These domains allowed us to comprehensively
cover textual, visual, audio, and interactive content. For each do-
main, we selected survey, study, and system articles as seed articles
and utilized a snowball method to collect relevant literature.

For each article, we annotated the compositional structures that
were studied, along with the content aspects they aim to support
and their functionality. We extracted excerpts from the papers re-
garding the design decisions and challenges associated with the
structures. We stopped the snowball process when no new com-
positional structures were found. In cases where multiple articles
addressed the same compositional structure, we prioritized those
that were widely cited. Ultimately, we identi�ed 55 papers, and
more details of these papers are included in the Appendix A.3.

3.1 De�nition of Compositional Structures
Our literature analysis revealed that interfaces for supporting con-
tent creation are typically designed with one or more structures.
These structures de�ne the individual components and organiza-
tional rules for assembling the components based on speci�c as-
pects of the content, o�ering corresponding functional a�ordances
that facilitate the composition process � we refer to these struc-
tures ascompositional structures . By analogy with biological
substrates�surfaces on which living organisms grow�we conceptu-
alize compositional structures as substrates on which informational
content `grows'.

We herein summarize theutility of compositional structures
across key aspects of content creation, analyzing the design of their
individual components, organizational rules, and functional a�or-
dances implemented in existing systems (Section 3.2). Among the
reviewed papers, 47 out of 55 combined multiple compositional
structures to support the creation process. By analyzing thein-
terleaving usage of di�erent compositional structures , we
summarize current design practices for establishing synchroniza-
tion of these structures and formalize the solutions for aggregating
them into one workspace. Additionally, we highlight challenges
identi�ed in existing research and propose opportunities to lever-
age AI to support the iterative creation processes across multiple
compositional structures (Section 3.3). This analysis provides in-
sights intowhat compositional structures should be integrated into
co-creation environments andhowto infuse AI within and across
structures to support creative work�ows.

3.2 Utility of Compositional Structures
Each compositional structure assists in the creation of one or more
aspects of the content. We categorized four key aspects: spatial,
temporal, narrative, and congruent.

3.2.1 Spatial Aspect.This aspect primarily refers to the layout
of individual components in the �nal content. It pertains to the
organization of di�erent elements in visual content for e�ective
communication and appeal. Compositional structures supporting
this aspect are often based on afree-form canvasor grid systemwith
directly manipulable elements, allowing �exible adjustments of
their position and size. The organizational rules in these structures
aim to satisfy constraints and preferences speci�c to the creation
context, such as design guidelines, stylistic choices, or screen sizes.
The compositional structures reify these rules to enable easy reuse
and adaptation by both creators and automated processes, including
auto-suggested templates or computational layout adaptations.

3.2.2 Temporal Aspect.This aspect addresses the pacing of con-
tent that unfolds over time. Interfaces designed to support this
aspect typically feature amulti-track timelinethat allows creators
to place elements along a time axis, de�ne keyframes, and preview
the progression. While pacing is critical for e�ective storytelling,
most systems require the creators to manually achieve the ideal
pacing, such as deciding the duration of shots and adding pauses to
enhance narrative impact. Prior work has explored implementing
organizational rules based on desired dialogue styles on pacing [90].
Other works explored supporting element alignment by time, such
as synchronizing video segments with transcripts [19, 46, 84]. Such
synchronization embedded in the timeline accelerates the creation
process by alleviating the manual coordination e�orts otherwise
required to deal with di�erent tracks in the timeline structure.

3.2.3 Narrative Aspect.This aspect refers to the underlying story
conveyed by the content. Creators often need to experiment with
di�erent narratives to develop the most e�ective one. Composi-
tional structures supporting this aspect vary in levels of abstrac-
tions: from conceptual elements like the luckiness of a character
in storytelling [24] to argumentative outlines in scienti�c writ-
ing [111]. The organization rules and functional a�ordances of
these structures depend on both the content types and the creative
work�ow. For example,graph structureson a freeform canvas are
commonly used for ideation, with association functions to generate
or connect related concepts for brainstorming.Hierarchical linear
structuresare e�ective for planning and re�nement, with summa-
rization and expansion functions, such as summarizing paragraphs
into a reverse outline or expanding simple headings into narrative
points.

3.2.4 Congruent Aspect.This aspect addresses the integration of
multiple individual elements perceived simultaneously during con-
tent consumption, such as notes in a musical chord [37], di�er-
ent modalities in a video [58, 84], and data visualizations and ac-
companying narratives in data storytelling [18]. To support this,
compositional structures often associate these elements within a
container to support reasoning:linesconnecting notes in a musical
chord [37], storyboard cardsassociating visuals with text [58], and
blockscombining visualizations and descriptions side-by-side [18].
These containers frequently incorporate auto-update functionali-
ties to ensure synchronized updates among elements and may in-
clude functionalities for suggesting alternatives or auto-completing
based on congruence rules. Furthermore, by bundling elements,
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Table 1: Compositional Structures for Four Content Aspects with Example Systems from Literature Analysis

creators can manipulate the container as a whole without com-
promising its internal congruence. Therefore, such structures of-
ten integrate congruence with other aspects, like narrative: for
instance, a two-column structure, commonly used in video creation,
expresses congruence within individual rows while supporting nar-
rative progression through the linear arrangement of rows in a
table format.

Notably, a single compositional structure can support multiple
aspects simultaneously. For example, a transcript-based timeline
supports both the temporal and narrative aspects as they have
strong correspondence in certain video content. Similarly, the con-
gruent aspect is often intertwined with others, as it inherently
involves relationships between elements of di�erent modalities. It
is also important to acknowledge that while the spatial, temporal,
narrative, and congruent aspects are prominent in the literature we
have reviewed, they do not represent an exhaustive set of content
aspects. For example, emotional resonance or interactivity may
constitute additional dimensions that require further exploration.

3.3 Interleaving Usage of Compositional
Structures and Challenges

Content creation is often multifaceted and highly iterative [18, 20].
These structures, however, are typically distributed across separate
applications, resulting in fragmented work�ows [18, 21, 40]. From
the papers that utilized multiple compositional structures, we sum-
marized two primary needs:inspecting di�erent content aspectsand
facilitating iterative transitions. To address these needs and miti-
gate the challenges of fragmented work�ows, a common design
approach is to consolidate essential compositional structures into
a single interface, and establish synchronization among them. To

inform our design approach, we summarize existing practices for in-
tegrating compositional structures and achieving synchronization
across these structures.

As each compositional structure de�nes its individual compo-
nents and their organization rules, the synchronization aims to
establish connections between the components across structures
while satisfying their respective rules. We summarized three as-
pects to consider for establishing synchronization and highlighted
the design challenges within each aspect.

3.3.1 Defining Correspondences Between Individual Units Across
Structures.Establishing how individual components in one struc-
ture correspond to those in another is fundamental to achieving
synchronization across structures. For example, a node in the nar-
rative graph corresponds to a sentence in the text editor [24, 111].
Prede�ned correspondences help users understand the system's
logic and how modi�cations in one structure in�uence others. How-
ever, they can also limit �exibility. As the creative process evolves,
these correspondences may become ambiguous, requiring reevalu-
ation or recon�guration, which can disrupt the creative �ow.

3.3.2 Determining Appropriate Synchronization Techniques.We
identi�ed two common techniques for cross-structure synchroniza-
tion: Synchronized Highlighting, which highlights corresponding
units across structures to aid navigation and reference, andSyn-
chronized Editing, where updates in one structure propagate to
corresponding units in another. Systems with synchronized editing
typically also include synchronized highlighting. The complexity
of synchronized editing depends on how content is represented
across structures. It may involve direct content transformation (e.g.,
transferring a phrase in an outline to a section heading), attribute-
based transformation (e.g., a text snippet converted to a timeline
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duration), or advanced AI-driven generation (e.g., a paragraph con-
verted to an outline point). While advanced transformations can
streamline work�ows, they often require signi�cant review and
adjustments. Simple synchronized highlighting may be preferable
when creators prioritize manual control over automation.

3.3.3 Configuring Updating Mechanism.Two key factors in�uence
the updating mechanism: (1) Directionality: updates can bebi-
directional or one-directional, where changes �ow between struc-
tures in both directions or only from one to another; (2) Control:
whether updates should beautomated or user-controlled, with auto-
mated updates ensuring consistency but potentially causing unin-
tended overwrites, while user-controlled updates provide greater
control but require additional actions that might be laborious. While
most systems favor automated bi-directional updates for ease of
use, this approach can pose challenges in preserving intentional
modi�cations of content within one structure.

3.4 Proposed Design Approach
Existing research demonstrates the utility of compositional struc-
tures and explores practices for constructing workspaces that lever-
age them. Insights from this literature inform key considerations
for designing such structures and integrating AI functionalities
within and across them. Based on these �ndings, we propose the
following four-step design approach:

ST1 Identifying Compositional Structures and Their De-
sired Interconnections of a Creation Activity. The �rst
step is to investigate the creation work�ow for the targeted
content. This includes identifying speci�c compositional struc-
tures used to address di�erent content aspects, their roles at
various work�ow stages (e.g., ideation, editing, integration),
and how these structures should interconnect to support
transitions between them.

ST2 Designing Individual Structures with Content Aspects
and Work�ow Requirements. For each identi�ed struc-
ture, specify the individual components creators will ma-
nipulate and de�ne the organizational rules (e.g., hierarchi-
cal relationships, temporal sequencing). The design of these
structures should align with the intended creative outcomes
and support e�cient manipulation and arrangement within
the structures.

ST3 Aggregating the Compositional Structures as the Foun-
dation for the Co-creation Environment. The de�ned
structures need to be integrated into a workspace with de-
sired synchronization by de�ning corresponding units, syn-
chronization techniques (e.g., synchronized highlighting or
editing), and updating mechanisms (e.g., one or bi-directional).

ST4 Infusing AI Functionalities within and across Compo-
sitional Structures to Facilitate Content Creation and
Synchronization. Based on the challenges within the cre-
ation work�ow, automation needs to be infused within and
across the structures. Within structures, AI should facilitate
creating individual units adhering to their organizational
rules; across structures, AI should maintain context aware-
ness by managing references, coordinating interconnected
content, and ensuring synchronization through appropriate
updating mechanisms.

4 Understanding the Use of Compositional
Structures in Video Creation

We evaluate our design approach by executing the proposed steps.
We begin with identifying the compositional structures and the
desired interconnections. As indicated in the previous section, many
prior works have been conducted to understand and alleviate the
challenges in video editing [22, 84, 103]. However, there lacks work
that speci�cally investigates compositional structures in the entire
video creation work�ows, especially the desired interconnections
among them. Therefore, we conducted an interview study with
video creators to holistically understand their creation processes.

4.1 Participants and Procedure
We interviewed �ve expert video creators, each with over �ve years
of experience in video production and publishing. To ground the
interviews in concrete examples, we asked the creators to share
videos they had produced, along with any materials used for plan-
ning and prototyping. Participants were purposefully selected to
ensure their videos covered diverse types of content. In total, the
interviews covered 14 videos: 3 vlogs, 3 short �lms, 3 explainers,
3 video essays, and 2 animated �lms. The interviews began with
questions regarding creators' professional experiences, followed
by an in-depth discussion of the creation processes. Conducted via
video calls, each interview lasted around 90 minutes.

4.2 Compositional Structures in Existing
Work�ow

Despite the diverse video types, creators' work�ows revolve around
four key compositional structures shown in Fig. 2b. We �rst review
these structures and then dive into the challenges of working with
these structures.

4.2.1 Ideation and Asset Organization with Freeform Canvas.�You
could see there is no discipline here, because I am just throwing them
all in.� (E2). All creators use dedicated spaces to organize relevant as-
sets, such as documents, videos, and images. As creators sift through
the assets, they jot down associated notes, develop narrative points,
and connect them to form the storylines. Freeform canvases, such
as Milanote (E1) and Miro board (E3, E5), were useful as they not
only serve as the asset repository but also an ideation space where
creators can arrange all materials to develop an understanding of
the story. Creators frequently revisit this space to re-contextualize
themselves with the materials.

4.2.2 Narrative Development with Linear Text Editor.�I just write
out something almost o� the top of my head with an idea.�(E2)
Creators need a space to organize disconnected ideas into a cohe-
sive storyline. At this stage, a linear structure can be helpful, as it
�actually helps me thinking.� (E1) This stage involves substantial
iteration and engagement with content of mixed �delity. Creators
usually begin by putting down ideas and talking points that emerge
during ideation and asset collection. The initial content could be
�written partially in full text, partially in outlining text.� (E3) and as
�a combination of scripts and visuals�(E2, E3, E5). Creators navigate
through the content of mixed �delity and modality and iteratively
mold it toward a �nal storyline.
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Figure 2: Mappings between the compositional structures identi�ed in the video creation work�ow and the VideOrigami's user
interface. (a) Work�ow revolving around the compositional structures; (b) the underlying compositional structures; (c) four
views in VideOrigami's user interface maps to a corresponding composition structure

4.2.3 Scene Planning with Grid-Based Editor.�I need to put every-
thing together, and see whether the visual goes well with the text,
whether the temporal sequence makes sense.�(E1) Creators develop
scene structures by examining the narrative and congruence aspects
simultaneously: they experiment and specify the arrangement of
materials to ensure visual and temporal coherence both within and
across the scenes. A variety of grid-based structures are utilized,
such as two-column scripts (E2, E5) and storyboards (E1, E4). For
example, two-column scripts allow creators to arrange the narra-
tive sequence in rows and organize the materials within a scene
in columns (e.g., voiceover and desired visuals). This stage often
features a �random �lling� pattern, as creators may have incomplete
ideas or uncertainty in certain parts of a scene, such as knowing
the visual but not the voiceover, or vice versa. The grid structure
also provides a clear overview of the creation progress�un�lled
cells serve as visual indicators of incomplete elements (E2, E5).

4.2.4 Spatial/Temporal Arrangement and Preview using Timeline-
Based Editor.�You have been creating it as a creator, and now you
are watching it as a viewer when putting them together.�(E5) The
timeline structure provides creators with �ne-grained controls to
re�ne the temporal sequence of the video, which can range from
small pacing adjustments like trimming a clip to changing the
clip sequences (E1, E2, E5). All timeline-based editors also provide

controls for adjusting the placements of visuals for a selected time
frame. At this stage, creators constantly assess the e�ectiveness of
the storytelling by previewing the assembled parts. This iterative
process of a perceptual reasoning is critical, as E3 explains:�Only
when you see it do you realize it's not what you imagined.�.

4.3 Desired Interconnections Across Structures
The current digital environment discourages iteration across struc-
tures, as the lack of synchronization between them often results in
a high cost of context switching. This often incentivizes creators to
con�ne their iterations to the single structure they are currently
working in, rather than leveraging the one that would be most ef-
fective for the task. For example, all creators we interviewed noted
that once they transition to working on the timeline, they �never
go back�(E1), even when certain structural changes could bene�t
from using the narrative editor or scene planner (E2). Below, we
summarize a set of cross-structure interconnections desired in the
video creation work�ows.

4.3.1 Collect and Refer to Materials Anytime.Creators often need
to cross-reference assets while working on di�erent structures at
any work�ow stage. E2 highlighted the frustration of repeatedly
searching through scattered �le folders to locate assets, which are
often organized di�erently depending on tasks such as writing
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or timeline editing. They also mentioned that multiple passes are
needed to ensure no assets are overlooked, consuming up to half
a day. Systems should provide a centralized collection of assets,
allowing creators to freely add assets within any structure and
easily reference them when working on di�erent structures.

4.3.2 Develop Cohesive Narrative from Fragmented Notes.During
asset collection, creators often generate fragmented ideas or notes
that do not immediately �t into the narrative. At times, they may
struggle to incorporate some interesting excerpts into the exist-
ing storyline (E3, E4). This suggests that systems should facilitate
the quick integration of fragmented ideas into the narrative while
ensuring narrative coherence.

4.3.3 Provide a Warm Start for Developing the Scene Structure.To
develop the scene structure, creators often need to manually locate
and transfer many materials into the appropriate categories (e.g.,
speci�c rows or columns), such as copy-pasting paragraphs from
the narrative to di�erent cells and inserting images and clips. This
�cold start� process can be tedious and discourage them from using
the scene structures (E1). Systems should automate the initial orga-
nization of content into scene structures, providing a �warm start�
that reduces manual e�ort and streamlines the work�ow.

4.3.4 Enable Granular and Structural Adjustments for Temporal
Sequencing.When adjusting pacing, creators often have diverse
needs for corresponding edits: they require �ne-grained controls,
such as precise timing adjustments, which should be re�ected across
other structures to ensure these structures remain reusable for
relevant tasks; they may also make broader structural changes to
the sequence, which should be supported in alternative structures
and automatically synchronized with the timeline. Systems should
accommodate both granular and structural adjustments, ensuring
synchronization across all relevant compositional structures.

5 VideOrigami: a Human-AI Video Co-Creation
Environment

We develop VideOrigami by following the proposed design process,
including surfacing the compositional structures in one uni�ed
space [ST2], de�ning their synchronization [ST3], and infusing AI
within and across structures [ST4]. Section 5.1 explains the individ-
ual structures and AI-driven generation to support their completion;
Section 5.2 covers synchronization across the structures and AI im-
plementation; and Section 5.3 presents a scenario illustrating the
creation of a video within the co-creation workspace VideOrigami.

5.1 Compositional Structures and
Within-Structure Generations

We formally de�ne the four compositional structures we identi�ed:
Freeform Canvas, Narrative Editor, Grid-based Scene Planner, and
Timeline Editor (Fig. 2c)�along with their individual components,
organization rules, and functional a�ordances.

The Freeform Canvas leverages spatial organization to facili-
tate asset collection and exploration. VideOrigami's implementation
supports three types of nodes:Asset Nodes(Fig. 3a) for uploading
media, importing web content, or generating visual content (Fig. 3b).
Each asset node has associatedNote Nodes, enabling creators to

record information related to the assets when making sense of them.
Users can manually edit notes or generate them using queries to ex-
tract speci�c content from the assets. ThePrompt Nodes(Fig. 3c) are
used for generating certain parts of the video (as further elaborated
in Section 5.3).

Figure 3: Nodes supported in the freeform canvas structure.

The Narrative Editor that we utilize is a linear block-based text
editor that consists of two block types: section blocks, which de�ne
high-level section headings to guide the overarching structure of
the video, and paragraph blocks, which contain individual talking
points within each section. Users can manually edit each block
and use LLMs to generate section headings to outline the narrative
or talking points within speci�c sections. The generation process
considers narrative cohesion and the relevance of each talking point
within its context.

The Grid-Based Scene Planner employs columns and rows to
plan di�erent elements in a scene chronologically. The grid-based
scene planner also de�nes four types of columns: theStoryline
column houses the talking points; theScriptcolumn contains the
transcript for each scene; theVisual Descriptioncolumn describes
what visuals to show in each scene; and theVisual Previewcol-
umn shows the visual assets to be included in the video. Besides
basic operations such as adding, deleting, or shu�ing rows and
columns, users can populate each cell of the grid manually or gen-
erate content based on the context provided by existing rows and
columns.

The Timeline Editor allows creators to preview the video and
adjust its pacing. It organizes content into three types of tracks:
audio, visual, and caption tracks. Each track comprises sequences of
snippets as the smallest manipulable units in the timeline. While we
did not implement AI features within the timeline, some techniques
explored in prior work, such as aligning visual beats with audio [27]
and transition suggestions [88] can be incorporated.
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Figure 4: Synchronized highlighting between di�erent structures. (a) When the user clicks on a segment in the Timeline Editor,
the corresponding Grid cell is highlighted, and the node is centered on Canvas. (b) hovers hover a talking point in the Narrative
Editor, VideOrigami highlights relevant note nodes in the Canvas.

5.2 Cross-Structure Synchronization and
Transformation with AI

Informed by the desired interconnections (Section 4.3), we herein de-
scribe the cross-structure synchronization in VideOrigami in terms
of the corresponding units, synchronization techniques, updating
mechanisms, and the AI integration to support the synchronization.

5.2.1 Canvas, Other Structures (Assest Managment).The canvas
serves as a centralized asset hub, where any item added to other
structures is automatically added as an asset node. To facilitate
referencing relevant assets, we implementedbi-directional, auto-
matic, synchronized highlighting. Each canvas node corresponds
to the smallest unit in other structures (i.e., a paragraph block in
the narrative editor, a cell in the grid, or a snippet in the timeline).
When a user edits a unit in another structure, related canvas nodes
are dynamically highlighted (Fig. 4). In this process, AI is incorpo-
rated to actively calculate relevance using embedding vectors of
the content. Conversely, when a user hovers over a Canvas node,
related units in other structures are highlighted. This ensures that
all important assets are e�ectively incorporated into the video.

5.2.2 Canvas, Narrative Editor (Narrative Development).To help
users form cohesive narrative points from fragmented notes, we
implementedbi-directional, user-initiated, synchronized editingbe-
tween nodes in the canvas and the paragraph blocks in the narra-
tive editor. When a user drags a note node into the narrative editor,
VideOrigami leverages generative AI to transform the note content
based on the drop target: dropping into a new block transforms
its content into a new talking point with the existing narrative
sequence as context; dropping into an existing block revises the
content to integrate the note while preserving the original meaning
(Fig. 5b). Conversely, when users drag a talking point into an empty
canvas note node, VideOrigami extracts content relevant to that
point from the note's associated asset content to further support
this process (Fig. 5a).

5.2.3 Narrative Editor) Scene Planner (Scene Development).To
provide an e�ective starting point for scene planning, we imple-
menteduni-directional, user-controlled, synchronized editingfrom
the narrative editor to the grid-based planner. The rows in the grid
correspond to the di�erent types of blocks in the narrative editor: a
section rowcorresponds to a section block in the text editor (Fig. 6a);
a talking point rowcorresponds to a paragraph block. When users
modify content in the narrative editor, VideOrigami utilizes LLMs

to categorize the content based on the grid's columns (e.g., visual
descriptions or voiceover scripts) and maps it to the corresponding
grid cells as suggested content (Fig. 6b). Users can press �Tab" to
quickly accept the suggestion or overwrite them.

5.2.4 Scene Planner, Timeline Editor (Temporal Adjustment).To
support both structural and �ne-grain temporal adjustments, we
implementedbi-directional, synchronized editingbetween the grid-
based scene planner and timeline editor. The timeline can be seen
as a transposed view of the scene planner, with each column corre-
sponding to a track and individual grid cells representing speci�c
time segments within those tracks. Users can drag columns to the
timeline to form default tracks (e.g., the script column becomes an
audio track, and the visual preview column becomes a visual track)
(Fig. 7a). AI facilitates the transformation between grid cells and
their corresponding time segments, with di�erent updating mecha-
nisms for each direction. Grid-to-timeline updates areautomatic.

Figure 5: Transformation of information between Canvas
and text editor. The user can (a) drag a talking point into
an empty note to extract relevant content from the linked
article; or (b) drag a note into the talking point to revise or
create a new talking point based on extracted information
from the article.
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