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Fig. 1. This research is conducted through four stages: (1) background study to identify common design
aspects for VR presentations (Section 3); (2) interviews with professionals who frequently deliver presentations
to investigate the design challenges and user perspectives for VR presentations (Section 4); (3) prototyping an
authoring tool to enable non-technical users to make VR presentations with ease (Section 5); (4) user studies
with 12 participants (Section 6) to validate the findings in the formative study and collect users’ perspectives
on VR presentation.

The proliferation of virtual reality (VR) has led to its increasing adoption as an immersive medium for delivering
presentations, distinct from other VR experiences like games and 360-degree videos by sharing information in
richly interactive environments. However, creating engaging VR presentations remains a challenging and
time-consuming task for users, hindering the full realization of VR presentation’s capabilities. This research
aims to explore the potential of VR presentation, analyze users’ opinions, and investigate these via providing
a user-friendly no-coding authoring tool. Through an examination of popular presentation software and
interviews with seven professionals, we identified five design aspects and four design challenges for VR
presentations. Based on the findings, we developed VRStory, a prototype for presentation authoring without
coding to explore the design aspects and strategies for addressing the challenges. VRStory offers a variety of
predefined and customizable VR elements, as well as modules for layout design, navigation control, and asset
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generation. A user study was then conducted with 12 participants to investigate their opinions and authoring
experience with VRStory. Our results demonstrated that, while acknowledging the advantages of immersive
and spatial features in VR, users often have a consistent mental model for traditional 2D presentations and
may still prefer planar and static formats in VR for better accessibility and e�cient communication. We �nally
shared our learned design considerations for future development of VR presentation tools, emphasizing the
importance of balancing of promoting immersive features and ensuring accessibility.

CCS Concepts:̂Human-centered computing ! Human computer interaction (HCI) ; ˆ Computing
methodologies ! Virtual reality ; Machine learning.
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1 Introduction

The signi�cance of e�ective presentation cannot be overstated in various �elds such as education
and business, where information delivery and communication are crucial. While traditional 2D
presentations have been well-established, there is growing interest in exploring the immersive
potential of virtual reality (VR) for more engaging presentations [28, 46, 52, 67]. With VR devices
gaining widespread popularity, delivering presentations in VR environments is starting to draw
interest from VR practitioners across platforms such as Microsoft Mesh [8], Meta Horizon [7], and
Mozilla Hubs [5]. Distinct from other popular VR experiences like gaming and 360-degree videos,
delivering presentations in VR aims to leverage immersive and interactive VR features to enhance
information communication and audience engagement, which we will refer to asVR presentation
in this paper. It can be also expected that an increasing number of non-technical users will start to
explore and incorporate VR presentations into their work, ideally with no-coding user interfaces.
However, most users have yet to explore the potential of VR presentations, leaving it a lack of
opportunities to fully understand the common design aspects and challenges speci�c to users when
engaging with VR presentations.

Moreover, during the authoring process, creating captivating VR presentations presents a unique
set of challenges compared to traditional 2D presentations. For 2D presentations, presenters need
to seamlessly integrate texts with high-quality media like images and videos [32, 37, 72, 76],
while adjusting layouts and navigation to suit their domain requirements and narration preferences
[20, 24, 45, 64]. Transitioning to VR introduces new elements like 3D objects and spatial interactions
that signi�cantly increase the conceptual and authoring complexity. While several platforms o�er
authoring tools designed for creating immersive VR experiences, these may be overly sophisticated
for VR presentations and still pose challenges to manage and manipulate, especially for non-
technical users. This demands a deliberated design of VR presentation authoring tools with no-
coding or low-coding interactions. Further, many current VR presentations appear as enhanced 2D
presentations in a large space, displaying 2D screens for images and videos. It is unclear whether
this is due to a lack of appropriate authoring tools or simply user preferences, calling for further
investigation into users' attitudes and perspectives on VR presentations.

To �ll the above gaps, in this work, we focus on exploring the potential of VR presentation
around the following three research questions through four stages (Figure 1):

RQ1 - Design Aspects: What are the common design elements for VR presentations? What are
unique to VR and what can be transferred and extended from 2D presentations?
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RQ2 - Challenges: What are the concerns and challenges preventing users from authoring and
engaging with VR presentations?
RQ3 - Opinions : What are users' perspectives on VR presentations? What strengths and
constraints do they perceive about VR presentations?

To answer these RQs, in Stage 1 of the research, we conducted a background study on popular
presentation tools to identify the key design aspects for VR presentations (RQ1). In Stage 2, we
interviewed seven professionals from three domains including university educators, designers, and
business people who frequently deliver presentations, aiming to identify the design challenges
as well as gain insights into their opinions regarding VR presentations (RQ2 & 3). Based on the
interview �ndings, in Stage 3, we developed VRStory, a prototype authoring tool, which streamlines
the process of creating interactive VR presentations without coding required. VRStory serves as a
valuable research facilitator, investigating various strategies to address the identi�ed challenges
and empowering non-technical users to easily explore di�erent design aspects of VR presentations
tailored to their speci�c needs. In Stage 4, we conducted a user study with VRStory, involving
12 participants who are pro�cient in presentation software, which aimed to validate the �ndings
in the formative study and further collect the users' perspectives on VR presentations through
a hands-on authoring session (RQ2 & 3). Finally, based on our �ndings, we also provide design
considerations for future design and development for VR presentations.

2 Related Work

Our work bridges and adds to three main streams of research: 1) presentation tools for communi-
cation and storytelling, 2) authoring tools for VR experience speci�cally targeting non-technical
users, and 3) content generation for creative and professional purposes.

2.1 Overview of Presentation Tools

Over the last two decades, advancements in popular presentation tools have been signi�cant [58],
moving from traditional tools such as Microsoft PowerPoint [9] to more interactive products like
Prezi [11] and Gather [4]. This evolution re�ects a trend in which the characteristics of presentation
tools are shifting from content-oriented to user-experience-oriented. This is evidenced by two
factors: 1) the boundary between presentation and communication tools is becoming less distinct,
and 2) the presentation style is moving from linear to non-linear [25, 40, 62].

The main goal of a successful presentation is to e�ectively communicate information to its
audience [36]. However, due to the nature of presentations, the presenter often has more control
over the process than the audience, which can create di�culties for the audience to understand the
information [54]. To address this issue, some popular presentation tools in the market (e.g., Gather)
have incorporated communication methods between the presenter and the audience, establishing
an acknowledgment loop that helps maintain a balance between the two parties.

Recent studies have highlighted a growing trend toward presentation tools that enable greater
speaker-audience interaction. Presenters are increasingly integrating activities such as role-playing
[29] and real-time Q&A system [68] to facilitate immediate feedback from the audience and sustain
their attention during presentations. In addition, as Maleshkova et al. pointed out, interactive
communication and idea exchange are crucial for some presentation types (e.g., art appreciation)
[47]. Another trend in the last decade is a clear shift away from linear navigation (e.g., Powerpoint
and Keynote) to Zoomable User Interfaces (ZUIs) [30,31,43]. ZUIs allow for greater user �exibility in
selecting their own navigation order [57]. Additionally, the parallel structure of ZUIs enables users
to better visualize the connections between topics [22, 42, 69, 74]. Also, recent studies have extended
the shift: from a network/tree structure towards an immersive structure for presentations. This
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approach involves creating a space with presentation content, enabling users to obtain information
spatially. By integrating AR/VR technologies, presenters can also create 3D environments that
utilize multimedia in addition to images and text [61], which further enhances the visualization
capabilities of presentations [55, 56].

Our work aims to continue exploring the potential of user-experience oriented presentations, as
VR provides users with the �exibility of control over the presentation and o�ers various multimedia
options for an immersive experience. Inspired by the previous studies, one of our goals is to explore
the potential of VR presentations, particularly for non-technical users and identify the design
features for VR presentations.

2.2 Virtual Reality Authoring Tools

While current VR devices still have limitations that hinder long-term use, research has signaled the
potential of VR as an alternative working platform to traditional 2D displays [18]. Biener et al.'s
study demonstrated the potential of VR for spatially arranging and manipulating information as the
volume of 2D screens with interactions across touchscreens and VR HMDs [19], highlighting the
promise of VR as a work tool due to its private and large display space. However, an immersive VR
experience goes beyond simply placing 2D screens in a virtual space and requires rich interactions
and various forms of multimedia. Creating engaging and fully-interactive VR experiences can be
di�cult for most users, especially those who lack VR development expertise. While many current
tools now o�er easy-to-use functions for users to create static VR environments with platform-
provided or self-imported 3D models like Mozilla Spoke, building fully dynamic behaviors and
interactions still remains challenging [16]. As Nebeling and Speicher pointed out, the massive tool
landscape and the requirement for utilizing multiple tools for authoring VR experiences are the main
challenges for non-technical users [51]. It is also known that the limitations of low-�delity tools
and the entry hurdles of high-�delity can be common pitfalls even for professional VR designers
and developers [39], not to mention non-technical users. It appears that users face a dilemma
when choosing VR authoring tools: while low-�delity tools like Spatial.io can create simple VR
experiences without fully exploiting VR capabilities; high-�delity tools like Unity enable fully
interactive experiences but require coding that could be challenging to master and might be an
overkill for users' particular domain tasks.

A systematic review by Coelho et al. analyzed 29 authoring tools for VR experiences [23],
revealing that many recent studies focused on enabling a broader audience to easily create, prototype,
and develop interactive VR experiences. However, the authors emphasized the need for further
research in speci�c application domains and underscored the importance of expert evaluation
in these areas. Various authoring techniques including physical prototyping [50, 60], immersive
authoring [70, 75, 78], and live or asynchronous collaborations [49, 65, 66] have been explored
in the literature. Though these techniques empower the users to realize their ideas, it may be
hard or take a long time for them to explore if they do not have clear ideas initially. Modular
templates and functions, o�ered through building blocks [63] or visual scripting [21, 75], may
assist non-technical users in creating desired interactions and provide a starting point. Particularly,
the notion of End-User Development [44] allows users to con�gure a peculiar VR experience to
their needs by con�guring VR experience templates created by experts [16]. Immersive analytics,
as a specialized area of study, primarily deals with examining and presenting data within VR
environments. For readers looking to delve into this topic further, we suggest consulting Ens et
al.'s extensive survey that outlines the challenges prevalent in immersive analytics and showcases
current state-of-the-art toolkits [26].

Inspired by previous works, our prototype authoring tool aims to strike a balance between creative
freedom and e�ciency by investigating modular building blocks and expert-created templates for
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Fig. 2. Examples of the presentation tools in four classified groups in our study: (a) Keynote, (b) PowerPoint,
(c) Pitch, (d) SlideCamp, (e) Prezi, (f) VideoScribe, (g) Gather, and (h) Spatial.

customization. This approach allows non-technical users to both easily create VR presentations
with streamlined processes, while retaining the power to explore various VR features.

2.3 Content Generation for Creative and Professional Purposes

VR experiences require substantial multimedia resources, such as images and audio, to deliver
high-quality and immersive results. This often necessitates professional skills and considerable
e�ort, making it a signi�cant barrier for non-technical users. Fortunately, recent advancements in
machine learning (ML) have shown promise in overcoming this hurdle by harnessing the generative
capabilities of ML algorithms to produce outcomes that can even rival those achieved by human
professionals. For example, Zhou et al. utilized ML to generate new gaming experiences by reusing
data from a digital game's dungeon [77]. For images, multiple generative models in the industry
[2,14] and academia [17,38,59] have enhanced the quality of images obtained through text-to-image
and image-to-image generations. As for text generation, ML facilitates the process of generating
personalized and easy-to-understand texts and dialogues [35, 71]. In addition, ML can also be used
in enhancing audio quality [41] and generating music [48, 53], as well as auto-transcribing videos
for visually impaired users [73].

As the use of AI/ML in creative and professional contexts is still relatively new, there is limited
literature exploring the utilization of ML-generated content for VR. Enlightened by prior research,
we envision that AI-assisted content generation could signi�cantly enhance the ability of non-
technical users to create and engage with VR presentations more e�ectively. To explore this potential
and investigate users' perspectives, we incorporate content generation techniques for various media
including speech, 2D and panorama images into our prototype.

3 Background Study

As Stage 1 of our exploration (Figure 1), we conducted a background study regarding common
design aspects for presentations in two steps. We �rst analyzed popular presentation tools and
platforms in the market to identify the current trends and major design elements. Based on the
analysis, we then derived common design aspects for VR presentations.

3.1 Analysis of Presentation Tools

Being more exploratory than systematic at this stage, the whole research team began by individually
collecting and reviewing a variety of presentation and communication tools. We used di�erent
sources of information, such as YouTube videos and online articles, to learn about the strengths
and weaknesses of each tool. We then discussed our analysis as a team and evaluated each tool
based on its target users, usage scenarios, and unique interactive elements. This process resulted
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Fig. 3. The background study identified five design aspects for VR presentation: 1) Elements serve as visual
aids to convey information, including commonly used elements in traditional 2D presentations (blue area),
elements used in VR presentations extending these 2D elements (green area), and unique elements specific
to VR presentations (yellow area). 2) Layouts describe the geometry relationships among the elements in
one slide, including four base layouts that can be composed to suit di�erent purposes of the slides, and
spatial layout that can be composed by horizontal and vertical layouts. 3) Navigation rules the methods
one slide can move to other slides. 4) Animations and 5) Interactions are complementary aspects that can
enhance the engagement and experience of presentations. Design Aspects that are supported by VRStory
with customization are marked with green marks and predefined features o�ered by VRStory are marked
with yellow marks.

in a selection of 18 popular and representative presentation tools that covered a wide range of
presentation styles and scenarios. We classi�ed these tools into four groups (Figure 2):
� Universal and Generalized (G1): Tools like PowerPoint [9] and Keynote [6] o�er a wide range

of features for creating e�ective presentations, but may demand a lot of work from users to adapt
them to speci�c needs and domains.

� Domain E�cient (G2): Tools o�er features that enhance basic functions and address users'
speci�c needs for presentations in various scenarios, such as delivering a pitch with Pitch [10],
maintaining consistent branding styles with Slidecamp [12], and choosing from a range of
professional templates with Canva [3].

� Creativity Fostered (G3): Tools enable more creative presentations than traditional 2D slides,
such as controlling non-linear zoom-in-out style navigation with Prezi [11], creating presentation
video with Videoscribe [1] and visualizing data with infographics with PiktoChart [15].

� Experience Extended (G4): Tools like Gather [4] and Spatial [13], unlike traditional 2D presen-
tation tools, o�er features that foster engagement and interaction among the audience in social
and immersive settings.

3.2 Design Aspects

Through an analysis of common design elements from these collected presentation tools, we
identi�ed the �ve design aspects for e�ective presentations (Figure 3). Three aspects are considered
by us as crucial aspects for an e�ective presentation:
� Elements such as text and images form the core building blocks of presentations, which are

widely supported in all investigated tools. Additionally, multimedia like audios and videos are
also widely supported with default settings. More advanced elements, such as charts for data
visualization, can be found in generalized tools like PowerPoint.

� Layouts exhibit the rules that de�ne how multiple elements are graphically arranged on one
single presentation slide. Most presentation tools in G1 and G2 o�er layout templates that are
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