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ABSTRACT

Animated virtual reality (VR) stories, combining the presence of
VR and the artistry of computer animation, offer a compelling way
to deliver messages and evoke emotions. Motivated by the growing
demand for immersive narrative experiences, more creators are
creating animated VR stories. However, a holistic understanding of
their creation processes and challenges involved in crafting these
stories is still limited. Based on semi-structured interviews with
21 animated VR story creators, we identify ten common stages in
their end-to-end creation processes, ranging from idea generation
to evaluation, which form diverse workflows that are story-driven
or visual-driven. Additionally, we highlight nine unique issues that
arise during the creation process, such as a lack of reference material
for multi-element plots, the absence of specific functionalities for
story integration, and inadequate support for audience evaluation.
We compare the creation of animated VR stories to general XR
applications and distill several future research opportunities.
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1 INTRODUCTION

An animated virtual reality (VR) story is a sequence of connected
events, crafted to convey messages and evoke emotions, portrayed
through computer animation, and unfolded within an interactive
and three-dimensional VR environment [7, 11, 13, 14]. Combining
the high level of presence offered by VR [5] with the boundless
creative possibilities of computer animation [11], animated VR sto-
ries can provide unparalleled experiences. These advantages have
attracted many creators to tell their stories in this form. Early pio-
neers included filmmakers, animators, and transmedia artists from
Oculus Story Studio and Google’s Spotlight Stories, who created
groundbreaking shorts like Henry (2015) and Pearl (2016). Building
on this momentum, animated VR stories have now become main-
stream within the VR sections [7] of prominent film festivals [44]
like Cannes and Sundance, as evidenced by award-winning stories
Invasion! (2017), The Dream Collector (2017), Baba Yaga (2020), and
Namoo (2022). Recently, with an expanding VR consumer market
and a growing demand for VR content, more and more creators are
releasing their animated stories [44] as standalone VR programs or
on platforms like Oculus Video Animation Players.

Despite the increasing interest in animated VR stories, dedicated
support for creators has not received adequate attention from in-
dustry or academia. For example, commercial software either lacks
specialized design for animated VR stories (e.g., Blender, Unity) or
is no longer actively maintained (e.g., Quill). Although researchers
have proposed several authoring tools [15, 49, 65, 70, 71], these
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Figure 1: An illustration of 9 stages in creating an animated VR story (©Coin’s team), where the red lines indicate how a
storyline evolves. (A) Idea generation: brainstorming general ideas. (B) Story creation: conceiving the main character’s activities
using sketches (B1) and developing the story by including other characters with scattered word pieces (B2). (C) Scriptwriting:
transforming the stories into textual scripts. (D) Storyboarding: sketching the key moments while configuring the timing,
camera setups & visual cues. (E) Design: specifying visual (e.g., character appearance) & auditory (e.g., music) elements. (F)
Asset development: developing rigged and animated 3D models & audio clips. (G) Scene assembly: assembling individual assets
spatially into scenes in the story. (H) Story integration: aligning multiple story elements on the timeline and integrating the

whole story. (I) Evaluation: collecting feedback from viewers.

tools are fragmented and limited to a subset of tasks like VR story-
boards [15, 22, 23] and asset animation [33, 70, 71]. Many other es-
sential tasks reported by creators [11, 12, 16, 72] are not adequately
supported, such as composing VR scenes [11, 16] and enabling in-
teractions inside stories [12, 72]. The insufficient support compels
VR story creators to bridge general-purpose software, demanding
significant time and effort to learn and experiment [16]. They wish
for streamlined tools that blend into their processes and address the
challenges they face [11]. However, a comprehensive understand-
ing of current creation processes and challenges remains absent,
making the future research directions in supporting animated VR
story creation unclear.

Recent HCI studies [2, 29, 30] have provided empirical insights
into the current practices and challenges of crafting VR applica-
tions. Although they acknowledge the complexities of prototyping
story-driven VR experiences [2, 29], these studies generally aim to
accommodate a wide array of VR use cases such as training and
rehabilitation. Consequently, creators’ unique considerations for
animated VR stories have been overlooked. The first consideration
is rooted in the essence of stories. Animated VR stories prioritize
aspects such as narrative engagement, empathy, and emotional
resonance [3, 5]. To achieve so, creators carefully consider a blend

of visual, auditory, and interactive story elements [11, 72] and may
face challenges in orchestrating them cohesively in both spatial
and temporal aspects. The second consideration is rooted in the
use of VR and computer animation technologies to tell the story.
Creators need to consider the benefits and constraints these tech-
nologies present. For example, though VR enables storytelling with
a high level of presence, it also requires appealing 360-degree visu-
als [11, 16], which may bring challenges to balance visual quality
and runtime performance. We have yet to adequately understand
how the interplay of the two considerations poses challenges to
animated VR story creators within their creation processes.

To fill the above gaps, this study aims to answer the following
research questions:

e RQ1: What are the creation processes that creators usually follow
when crafting animated VR stories?

e RQ2: What challenges do animated VR creators face, especially
when marrying story elements with the benefits and constraints
of VR and computer animation technologies?

We conducted semi-structured interviews with 21 animated VR
story creators. To achieve a broad understanding, we ensured our
interviewees’ backgrounds covered experiences in crafting diverse
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stories. The stories varied in their visual styles and levels of interac-
tivity, from head-tracking to gesture interactions with in-story char-
acters. They were made with various non-immersive (e.g., Blender,
Unity) or immersive (e.g., Quill, Open Brush) software. For RQ1,
we identify ten common stages in the creation processes, from
idea generation to evaluation (Fig. 1). The inclusion and order of
these stages can vary and form diverse work ows. Two types of
work ows emerge: story-driven and visual-driven work ows that
prioritize story content or visuals, respectively. For RQ2, we identify

seven challenges including a total of seventeen issues (Table 2) at

di erent stages. Among them, nine issues are relatively unique to
animated VR stories, which highlight narrative intent and viewer
autonomy, satisfactory visuals for artistic expression, and multi-
ple narrative perspectives. Based on the ndings, we o er several
future research opportunities to support animated VR story cre-
ation and discuss the di erences between animated VR stories and
general XR applications [2, 29, 30].

In summary, our contributions around animated VR stories are
threefold: (1) identi cation of ten common stages and two types of
work ows in the creation processes (Sec. 4), (2) summarization of
nine unigue issues in crafting them (Sec. 5), and (3) provision of
future research opportunities to support their creation (Sec. 7.2).

2 BACKGROUND AND RELATED WORK

Our study builds on existing research into storytelling guidelines
and design considerations for animated VR stories. To contextualize
our research outcomes within HCl literature, we examine empirical
studies on the creation of general XR applications and authoring
tools for animated VR stories.

2.1 Guidelines for Animated VR Stories

Animated VR stories di er from traditional animations in two main
characteristics 11, 17]. First, they are set within immersive 3D
spaces that encircle viewer47, 60, rather than being projected
onto a at screen. Second, they o er viewers various levels of in-
teractivity [58 67, such as turning heads, walking around, and
directly interacting with characters. These characteristics recon g-
ure the conventional relationships between the audience, camera,
and story 22 6§. In contrast to traditional animations where cre-
ators fully control the camera and story, in VR, viewers pilot the
cameras and can actively participate in and in uence the story.
As a result, some typical storytelling techniques, such as frame
control and camera movemengp, 6, may not be applicable to
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story rather than by the level of device immersion. Bahng et &]. [
created an interactive story about death and loneliness, identi ed
four re exive design factors, and suggested incorporating these
re exive factors in future VR storytelling experiences, particularly
when the goal is to provoke thoughtful self and social re ection.
While these studies alleviate creative hurdles, they neglect the
practical di culties of execution. Our study builds on these guide-
lines, examining how creators consider them during the creation
process and identifying barriers to applying them in their stories.

2.2 Empirical Studies for General XR Creation

Recent HCI research has explored the current practices, challenges,
and opportunities associated with creating XR applications. These
studies target various types of creators (e.g., hobbyigtsgrofes-
sional developersg, 29 40, and professional designerg,[29 30),
settings (e.g., industry3dd and non-industry [2, 62), and phases
(e.g., the whole process [2, 6, 29] and testing phase [40]).

Some of these studie,[6, 29 30, 46 recognize the signi cant
di culties in immersive storytelling. For example, Ashtari et al2]
reported the di culty in designing an immersive story with real-
world sensory experiences and engagement, although VR pro-
vides immersive environments with reduced real-world distractions.
Krauy et al. BQ noted that typical manifestations of prototypes like
text and storyboards fell short in e ectively conveying the feeling
of XR. However, these studies primarily focus on general XR appli-
cations and lack deeper insights into the unique characteristics of
animated VR stories. Furthermore, their interviewees did not fully
cover the current main creators of animated VR stories, who are
probably Immakers, transmedia artists, and animatorkl] 22 56.

Shin and Woo 62 found that creators adopted di erent creative
strategies to associate story events with physical landmarks in AR.
However, these ndings may not be applicable to animated VR
stories, which take place in virtual worlds and whose storylines are
not constrained by physical sites.

Our study complements this line of research by identifying the
creation processes and challenges of animated VR stories. Since cre-
ators need to consider multiple story elements, as well as bene ts
and constraints brought by VR and computer animation technolo-
gies, we are particularly interested in how these considerations
in uence their processes and pose challenges. Based on our nd-
ings, we compare animated VR stories to general XR applications.

2.3 Authoring Tools for Animated VR Stories

VR. Therefore, practitioners and researchers have proposed tailored Various authoring tools have been proposed in the literature for

storytelling guidelines 1, 11, 18 73, such as guiding user attention
through audiovisual cuesq7, 59, and strategically distributing
story elements across 3D spaces [32, 52].

HCl research has further broadened the research scope by associ-

ating VR storytelling with user experiences (e.g., preseri;81, 45,
narration comprehensiond, 19, motion sickness 20, 54, embod-
iment [42)), emotional responses (e.g., empatt}, [a ect [ 50),
and cognitive processes (e.g., self-re ecti@), [knowledge acquisi-
tion [27, 34, 74, situational awarenessg(), as well as providing

design recommendations based on study results. For instance, Bind-

man et al. p] discovered that viewers' narrative engagement and
empathy were more in uenced by their perceived roles within the

creating animated VR stories, which can be categorized into non-
immersive, immersive, and hybrid based on the environments in
which they are used.

Non-immersive tools 23 79 can supplement existing commer-
cial software (e.g., Blender and Unreal Engine), which is versatile
but complex and oriented to broader 2D/3D game or animation
creation. For example, Henrikson et aJ designed an interac-
tive tablet system for artists without 3D modeling skills to create
stereoscopic storyboards with uid pen-and-touch input. Similarly,
ShadowPlay2.5D7f allows novices to create 360-degree poetry
stories, o ering tailored features like an image repository and pen-
based image animation. However, their 2D interfaces might cause
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Table 1: A summary of interviewees' background and relevant experience. From left to right, each column shows the interview
ID, background, years (Y) of experiences in general art/design and VR, number (#) of animated VR stories and all VR artworks
being created, and a list of di erent types of non-VR artworks.

Experience (Y) VR Artworks (#)

ID Background At VR Story Al Experience in Non-VR Artworks (Types)

P1 Digital Media Arts 10 4 2 2 Painting, 2D/3D Animation

P2 Transmedia Arts 10 2 2 2 Comics, Painting, 3D Animation

P3 UX Design, Product Design 9 1 1 1 Painting, Printmaking, Glitch Art, Handicraft

P4  Animation 14 3 4 9 lllustration, 2D Animation

P5 Digital Media Arts 10 6 3 8 Motion Comics, Promotional Video, Micro Movie, 3D Game, Theater
P6 Music Production 13 3 1 2 Dynamic Visuals and Sound-based Creation

P7 Transmedia Arts 14 4 1 3 3D Game, Painting, Sculpture, Performance Arts, 2D/3D Animation
P8 Transmedia Arts 8 3 1 1 3D Game, 3D Animation, Audio-Visual

P9 Virtual Reality 5 3 1 3 Painting

P10 Transmedia Arts 16 6 1 4 Painting, 2D/3D Animation, Film

P11 Advertising, Graphic Design 29 4 1 4 Graphic Design, Sculpture, 2D Animation

P12 Digital Media Technology 3 2 1 1 Sculpture, Installation, Experimental Film, 3D Animation, 3D Game
P13 Digital Media Technology 3 1 1 1 Computer Graphics Art, 3D Game

P14 Virtual Reality 6 4 1 1 3D Game

P15 Motion Graphics 7 4 2 2 2D Animated Shorts

P16 Graphic Design 16 3 3 4 Painting, Graphic Design, Video

P17 Mural Arts 20 7 2 8 Kinetic Sculpture, Installation, Mural Arts, Computer Graphics Art
P18 Digital Media Arts, Animation 15 4 2 2 lllustration

P19 Fine Arts 10 1 5 10 lllustration

P20 Digital Media Arts 6 3 2 2 Micro Movie, Photography, Painting, 2D/3D Animation, Installation
P21 Motion Graphics 24 4 1 1 lllustration, GIF Animation, 2D Animated Shorts

a cognitive disconnect when considering spatial relationships and 3 INTERVIEW STUDY DESIGN AND ANALYSIS

peripheral vision inherent in a 3D VR environment. To answer RQ1 and RQ2, we conducted semi-structured interviews

These limitations drive interest in immersive tools, such as  jth 21 creators to collect qualitative and in-depth insights on their
commercial tools (e.g., Quill and AnimVR) and research proto- creation processes and challenges.

types [15 49 65 70, 71. For example, Galvane et allj proposed

a VR tool for storyboard creation that allows creators to arrange 3.1 Positionality Statement
virtual spaces, capture snapshots, and then convert these into sto-
ryboards. This immersive approach gives creators a better under-
standing of spatial relationships. AnimationVR( further allows
direct manipulation via 6DoF controllers to animate characters,
bypassing 2D gizmos. Despite these advantages, immersive tools
may bear accuracy issues, with limited feature support compared
to their non-immersive counterparts.

To address these issues, research has explored hybrid tagls [
33 to integrate the strengths of both classes. For example, VR
Blender B3 combines the extensive support of Blender with the im-
mersive authoring bene ts of VR, thereby enhancing key animation
tasks and facilitating reuse and modi cation. Henrikson et &7 3.2 Recruitment and Interviewees

proposed a multi-device system that facilitates artists to create ) . ) ] )
storyboards on tablets while allowing directors to see them in VR. We recruited creators in various ways and interviewed those who

While e ective, these three types of tools remain fragmented had crafted at least one animated VR story. First, we searched

and limited to certain tasks like storyboardind.§ 22 23, asset for VR stories on popular local content platforms and found the

animation [33 70, 711, and camera control 5. Creators need to corresponding creators. We sent eleven interview requests and
perform many other tasks1§ to create animated VR stories and obtained ve acceptances. Second, we distributed our advertisement

desire tools that blend into their creation processasj To inform to several art schools and received seven quali ed responses. Lastly,

future research in creativity support for VR stories, we provide a W& réached out to nine creators from our personal network.

nuanced understanding of the creation processes and challenges Ve stopped recruiting once interviewees’ in§ights converged,
based on interviews with creators using both non-immersive and ending up with 21 creators (all of them Chinese; 13 females and 8
immersive tools. males; age groups: 22 27 (14), 28 33 (4), 34 39 (2), 40 46 (1)). Table 1

lists their professional backgrounds and experiences. Speci cally,

The study design, data collection, and data analysis were mainly
performed by ve authors with interdisciplinary backgrounds (de-
noted as A1 A5). Al has 4-year experience in HCI research and
3-year experience in developing VR with game engines. A2 has 13
years of experience in digital entertainment development and pro-
duction, sophisticated in 3D animation, VR shorts, and interactive
Ims. A3 is an award-winning animation artist with 11 years of
experience in directing 2D/3D animation and 3 years of experience
in VR storytelling practice and research. A4 and A5 are technical
HCI researchers with 6 and 15 years of experience, respectively.
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all interviewees had formal art training but came from di erent  original stages mentioned by the interviewees could be merged
sub elds, such as digital media arts and graphic design. Their ex- or split. For example, we merged technical stages like modeling,
perience in non-VR art and VR art averaged 11.8 (min=3, max=29) texturing, and rigging into a broader stage of asset development, as
years and 3.4 (min=1, max=7) years. On average, they created 1.&hey collectively create usable 3D assets. Thirdly, we uni ed stage
(min=1, max=5) VR stories, spending approximately 3.4 (min=0.5, names across all whiteboards. Since our interview protocol did not
max=12) months per story. They also had abundant experience prescribe any speci ¢ stages, the interviewees often used di erent
in various types of VR artworks (e.g., VR paintings) and non-VR terms to refer to the same stage. For example, whiteboxing and

artworks (e.g., 2D/3D animation, desktop games, and Ims).

In terms of their sociocultural backgrounds, fourteen intervie-
wees were studying or working in various cities across China, while
the others were in the United States, the United Kingdom, Japan, and
Finland. Their creative works re ected a blend of cultural in uences,
incorporating both traditional and contemporary elements. Notably,
Chinese traditional culture (N=16) serves as a foundational in u-
ence, encompassing classical literature (e.g., Tang poetry), religious
philosophies (e.g., Buddhism and Taoism), and ethnic minority art.
There is also a strong in uence from anime culture (N=5), popular
culture (N=5), science ction (N=3), and gaming culture (N=2).

3.3 Question Design and Data Collection

We developed our interview questions through brainstorming, re-
nement, and testing. Starting from our two research questions, A1
and A2 independently brainstormed potential interview questions
and then collaborated to organize them. A1l then re ned the ques-
tions with A4 and A5. To test the questions, Al conducted a mock
interview with A3, an animated VR creator. A3's feedback high-
lighted the need to contextualize questions with concrete projects to
elicitinsights, which led us to incorporate project-speci ¢ questions.
To control interview duration, we divided the resulting questions
into two parts: (1) a pre-interview questionnaire (Appendix A) that
included project-speci ¢ questions about interviewees' favorite VR
stories, and (2) an interview guide (Appendix B) to facilitate the
discussion of creation processes and associated challenges.

The data collection with each interviewee consisted of three
steps. First, we obtained their consent to join the interview and be
video and audio recorded. Thirteen interviewees permitted us to use
their intermediate and nal artwork in our manuscript for research
purposes, with their preferred pseudonyms included in the gure
captions. Next, they completed the questionnaire at least two days
before the interviews and prepared demos and materials related to
their crafted stories. Detailed information about their favorite VR
story projects can be found in Appendix C. Finally, we conducted
individual semi-structured interviews online via video conferencing
software. The interview sessions averaged two hours, and all audio
recordings were automatically transcribed for analysis.

3.4 Interview Data Analysis

In terms of RQ1 about creation processes, we analyzed the inter-
view data in three steps. Firstly, Al extracted stages from each inter-
viewee's descriptions, created a ow map to show their sequence,
and annotated each stage with its inputs, outputs, and supporting
qguotes on Miro whiteboards. This process resulted in 21 white-
boards, each corresponding to one animated VR story. Secondly,
A2 and A3 went through each whiteboard and discussed together
with Al. For each whiteboard, we examined whether any mistakes
existed in Al's initial organization and checked whether some

3D layout were both used to describe the previsualization prac-
tices. To determine appropriate stage names, we rst referenced 3D
animation [4] and Immaking [ 28, adopting terms such as idea,
story, script, storyboard, previsualization, and design . We
then re ned these terms to better align with our collected data.
For instance, we speci ed the design stage as visual, audio, and
interaction design . Additionally, we introduced the terms scene
assembly and story integration to describe interviewees spatially
and temporally composited all story elements. A1, A2, and A3 it-
erated between the second and third steps until we were satis ed
with the results and then discussed them with A4 and A5.

To addresfRQ2 about challenges, we conducted a thematic anal-
ysis [8]. Al, A2, and A4 independently went through the same
transcripts from four interviewees (approximately 20% of all in-
terview data), highlighting sentences related to challenges and
generating initial codes. Utilizing a nity diagrams, Al, A2, and
A4 compared, discussed, and grouped their codes into themes. The
themes were then reviewed together with A5 to develop an ini-
tial codebook. Subsequently, A1 coded the remaining transcripts
using this codebook while maintaining sensitivity to new themes.
When potential new themes emerged, A1 documented relevant in-
stances and discussed them with A2 and A4 to re ne the codebook.
The nal coding results were reviewed and re ned through group
discussions with all researchers.

4 CREATION PROCESS

This section reports ndings on the creation processes of animated
VR stories RQ1), including individual stages and overall work ows.

4.1 Common Stages

Our interviewees went through 10 common stages to transform
their ideas into an animated VR story. Figure 1 illustrates a concrete
example. For brevity, we use the pre-production phase and pro-
duction phase when discussing multiple stages later. Speci cally,
the pre-production phase refers to the six stages (Sec. 4.1.1-4.1.6)
from idea generation to design, where an animated VR story is
conceptualized and planned. The production phase refers to asset
development (Sec. 4.1.7), scene assembly (Sec. 4.1.8), and story in-
tegration (Sec. 4.1.9), marking the hands-on execution that brings
the story to life. Our interviewees did not have post-production
activities like editing before conducting the evaluation (Sec. 4.1.10).
Below describe each stage and summarize corresponding practices.

4.1.1 Idea Generatio@reators draw their initial
ideas from various sparks, such as personal experi-
ences, dreams, and existing artworks. They then think
about what themes, messages, and emotions to con-
vey. They may select visual styles (e.g., realistic versus
cartoonish), set an overall mood or atmosphere, and have rough pic-
tures of characters. Creators may assess if VR is the right medium
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