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Figure 1: An example of cross-reality social interactions and multi-dimensional interfaces involved in social VR streaming,. Left:
A social VR streamer interacts with another social VR user using embodied avatars in social VR. Right: A social VR streamer
monitors and controls 2D windows overlaid into VR spaces to manage live streaming software and read messages from their
audiences outside VR; and their audiences can watch the streamer’s activities in social VR through a 2D streaming video on a

screen outside VR.

Abstract

Cross-reality interaction is a novel paradigm where users traverse
and collaborate across virtual and physical realities. While prior
research has investigated cross-reality systems through controlled
experimental settings, how people navigate cross-reality interfaces
in real-world contexts remains understudied. In this work, we fo-
cus on social VR streaming, an emerging practice where streamers
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engage in immersive VR activities while audiences view through
traditional 2D interfaces. Through 17 interviews with experienced
social VR streamers, we uncover their unique challenges in manag-
ing interfaces that span different realities to facilitate cross-reality
interactions. We also highlight nuanced design spaces to facilitate
cross-reality social engagement by addressing the difficulty of using
and arranging existing 2D professional software within immersive
3D environments and the difficulty to maintain more natural and
intuitive cross-reality interactions through everyday technologies
rather than specialized hardware solutions. These insights advance
our understanding of cross-reality interactions beyond experimen-
tal settings and can inform future interface design to better support
everyday users’ experiences of such interactions.
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1 Introduction

Immersive technologies, such as Virtual Reality (VR) and Aug-
mented Reality (AR), have become increasingly accessible in the con-
sumer market and widely adopted in everyday contexts for work,
learning, socializing, and entertainment. While earlier hardware
implementations were typically restricted to fixed points along the
Reality-Virtuality Continuum [44], more recently, there is a grow-
ing trend toward transcending these single-reality experiences into
cross-reality experiences. Examples include applications that
seamlessly transition between VR and AR modes [63] and the ef-
forts to extend conventional mobile applications into immersive
environments [7]. This technological convergence addresses the iso-
lation issue often associated with immersive experiences (i.e., users
in one reality are typically closed off from others, such as: people
in VR cannot effectively share their experiences to people outside
VR [18, 22, 27, 69]), both technically and socially. For example, on
the technical side, the more open software ecosystem now enables
people to access traditional 2D-based productivity tools they are
familiar with in 3D virtual environments, such as using Microsoft
Office applications in VR [3]. Likewise, on the social side, new
technical features help people see and interact with others across
different realities, including systems that render nearby physical
bystanders within virtual environments [41] and "pass-through”
capabilities in contemporary VR/AR devices like Meta Quest 3 [2]
and Apple Vision Pro [1].

This growing convergence of different reality technologies has
established cross-reality interactions, a novel interaction par-
adigm that allows individuals to navigate across different reality
manifestations while facilitating gathering, communication, and
collaboration with other people in different reality contexts [58].
In this sense, this emerging paradigm has potential to significantly
reshape how people may connect and collaborate in future online
spaces beyond single-reality environments. However, while prior
research on cross-reality interactions has demonstrated how people
in different realities can collaborate to combine their respective
advantages (e.g., collaborators using AR to more precisely place
objects to VR environments [56]), most studies tend to focus on
controlled lab settings with customized software and hardware
solutions that were built for the specific experimental tasks. In
contrast, how to understand and address challenges in complex,
real-world cross-reality scenarios remains largely unexplored.

Therefore, in this paper, we examine social VR streaming as a
compelling research context to understand real-world users’ unique
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challenges in cross-reality systems. Social VR streaming is an emerg-
ing phenomenon where a social VR user conducts immersive social
activities through their embodied, virtual avatar inside VR while
simultaneously broadcasting their experiences as 2D video con-
tent to viewers on live streaming platforms outside VR [16, 30].
We chose to focus on social VR streaming due to two key reasons.
First, social VR streaming inherently demands cross-reality social
interactions, as streamers must equally engage with both other
users in 3D VR space and non-VR viewers through traditional text
chat embedded in 2D live streaming platforms. Second, social VR
streaming highlights the navigation of multi-dimensional user
interfaces, meaning that social VR streamers often have to manage
both 3D controls (e.g., using body-tracking controls for 3D social
interactions and virtual camera manipulation for video streaming
[67]) and 2D interfaces in real time (e.g., using ray-casting con-
trols for overlaid 2D windows in VR showing audience messages
and streaming controls [16, 26, 76]). Figure 1 illustrates these nu-
anced cross-reality social interactions and interface management.
As technical or social missteps can be unpredictable and imme-
diately visible to viewers, social VR streaming thus reveals more
nuanced and natural challenges in managing cross-reality inter-
actions compared to the pre-defined interactions in experimental
cross-reality prototypes. Therefore, this complexity is especially
valuable for understanding how to better support everyday users’
experiences of cross-reality interactions through innovative inter-
face design.

Using 17 in-depth interviews with experienced social VR stream-
ers, we explore the following research question:

RQ: What are social VR streamers’ main challenges in
managing various interfaces in their VR streams to facili-
tate cross-reality social interactions and maintain stream
qualities?

We make two primary contributions to the understanding and de-
sign of future cross-reality interactive systems. First, we expand the
growing body of literature on cross-reality social interactions that
mainly focus on controlled experimental settings with pre-defined
interactions and purpose-built software. In doing so, we offer new
insights into how real-world cross-reality practices, such as social
VR streaming, present more nuanced challenges where complex
workflows, professional software usage, and spontaneous social
dynamics coexist across both VR and non-VR spaces. This further
expands our understanding of cross-reality social interactions be-
yond idealized lab scenarios to practical everyday contexts. Second,
we extend existing design principles for cross-reality systems (e.g.,
transitional interfaces, object substitution, and multi-user interfaces
[6]) by revealing new design spaces for rethinking both interfaces
and interactions to facilitate cross-reality social engagement. In par-
ticular, we highlight the critical needs to design future cross-reality
systems that support complex 2D software in immersive environ-
ments and the coexistence of multidimensional interfaces. We also
point out the importance of designing such systems to support
more natural and intuitive cross-reality social interactions through
everyday technologies (e.g., 2D text messages and videos on mobile
phones) rather than specialized hardware (e.g., external physical
screens for showing panoramic VR view [22, 27]). Taken together,
these design suggestions can support more streamlined interface
transitions and intuitive social interactions across realities in the
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future while mitigating identified technical and social challenges,
which contributes to a broader research context around more ef-
fective, enjoyable, and accessible cross-reality environments for
everyday users.

2 Related Works

2.1 Existing Practices and Challenges in
Cross-Reality Interface Design

Cross-reality is an emerging practice that involves users and inter-
action paradigms across different realities (e.g., virtual, augmented,
and physical). Its applications span both single-user (e.g., transi-
tional interface that one user transits between VR, AR and desktop
PC [20, 52]) and multi-user scenarios (e.g., hybrid collaborative
workspaces where people in VR, AR and the physical world work
together for shared tasks [45, 56, 59]). The recent research in cross-
reality has began to contribute to various fields, including education
(e.g., mirroring VR user’s anatomy demonstration on a conventional
projector [38] or 3D light field display [78]), training (e.g., remote
experts using VR to guide a local AR user to perform accurate phys-
ical tasks on mechanical parts [47]), filming (e.g., an artist outside
VR creates VR scenes for a director inside VR to test frames for
pre-visualization [25]), and gaming (e.g., co-located non-VR players
engage in VR players’ games through external displays such as
screens attached to the VR player’s head [22] or projected images
on the ground [21]).

Recognizing the potential of future cross-reality social inter-
actions, previous research has established important design prin-
ciples for cross-reality systems based on comprehensive experi-
ments and lab studies, including principles for transitional inter-
faces (e.g., allowing smooth transitions between realities, using
suitable metaphors, giving users control), substitutional interfaces
(e.g., considering surrounding physical objects, integrating relevant
physical objects in immersive spaces), and multi-user interfaces
(e.g., including bystanders, enabling context understanding of dif-
ferent actualities) [6]. Collectively, these prior works have provided
valuable frameworks for navigating between different reality states
and highlighted two main advantages of cross-reality systems for
social interactions and collaborative works.

First, cross-reality systems allow users in different realities to
share visual perspectives and interact with each other, which facili-
tates communication and collaboration across reality boundaries.
For example, they would allow non-VR users to see what VR users
experience through external screens and projectors [27, 37, 71],
help storyboard artists outside VR to view and control the movie
director’s environment in VR using tablets [25], and enable ar-
chitectural space designers to design occupants’ surroundings in
VR using giant touch screens outside VR [59]. These cross-reality
context sharing and collaboration can be used to address the isola-
tion issue where users in one reality cannot effectively share their
experience with people in other realities, which allows more nat-
ural communication and collaborative engagement beyond just
a single reality. Second, cross-reality systems can combine the
strengths of different interaction modalities in their respective real-
ities. For example, traditional 2D interfaces (e.g., desktop PC) can
foster precision [13, 55, 79], familiarity [7, 60, 64], and efficiency
[19, 24, 32, 55], while novel VR/AR interfaces (e.g., VR headset
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with hand-tracking control) can better support spatial awareness
[33, 48, 51, 62], immersion[15, 17, 28, 31, 65] and direct manipula-
tion [5, 11, 29, 72]. These complementary benefits may lead to more
novel interaction possibilities, such as using 2D software to pre-
cisely annotate in remote VR space [46], using AR aerial map view
to arrange VR items [56], and mapping physical 2D tablet in VR for
precise sketching [13] and modeling [60] in virtual environments.

However, while cross-reality systems have demonstrated promis-
ing capabilities for further innovating how we can interact and
work together in future social spaces, they also introduce signifi-
cant challenges in bridging different realities. Such challenges may
include: unclear context awareness (e.g., understanding VR con-
text while not in VR), difficult cross-reality communications (e.g.,
conveying non-verbal social cues to VR users), and incompatible
interface modalities (e.g., annotating depth-sensitive information in
VR while using a 2D interface) [6]. Yet, our current understanding
of these challenges primarily stems from controlled experimental
environments with carefully scoped tasks and customized tools
[21, 22, 45, 49, 56, 59]. While these experimental studies provide
valuable initial insights, they may not capture the full complexity of
cross-reality interactions in real-world settings, particularly the nu-
anced social dynamics and emergent user behaviors [6]. Therefore,
research on cross-reality interactions would benefit from empirical
studies and insights beyond controlled environments on how users
naturally perceive, adapt to, and overcome cross-reality challenges
in authentic task scenarios. This motivates us to focus on social VR
streaming as a valuable research context, which we detail in the
next section.

2.2 Social VR Streaming as a Unique Context
for Understanding Cross-Reality Social
Interactions

Situating at the intersection of 3D Social VR and traditional 2D
live streaming, social VR streaming shares significant similarities
with existing cross-reality experiments in both social and technical
aspects. First, similar to experiments on collaborative cross-reality
workplaces where users need to maintain verbal communication
with people in another reality [21, 22, 45, 56, 59], social VR stream-
ers also need to closely communicate with people in different re-
alities, such as bystanders within VR (e.g., other social VR users)
and people outside VR (e.g., viewers and moderators) [16, 26, 76].
Second, similar to experiments on transitional interface settings
where people need to shift between different realities and respec-
tive interaction modalities [20, 52], social VR streamers also need
to manifest controls over both 3D space (e.g., embodied VR inter-
actions with physical objects, immersive environments, and other
people’s avatars in social VR) and 2D interfaces (e.g., precise 2D
interactions on overlaid windows for reading audience messages,
monitoring body-tracking systems, and overlaying 2D visuals on
the stream image) [16, 76]. These similarities thus make social VR
streaming a valuable context for understanding how people experi-
ence cross-reality complexities in real world scenarios beyond the
controlled lab settings.

In particular, while social VR streaming presents compelling par-
allels with existing cross-reality research, it further amplifies these
cross-reality challenges both technically and socially. On the one
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hand, social VR streamers encounter unique technical challenges
in creating visually appealing content for non-VR viewers. This sig-
nificantly differs from both experimental cross-reality systems and
other avatar-based streaming such as virtual YouTubing [30, 35, 68].
First, while visibility across realities is a fundamental feature for
experimental cross-reality systems, such visibility requirement can
be limited to specific functionality needs and assisted by automated
solutions (e.g., desktop users can view VR users’ locations through
real-time 2D map systems [56]). In contrast, social VR streamers
must create engaging, creative, and situational content for their
audience by themselves, which requires streamers to constantly
coordinate across the virtual camera, the stream management soft-
ware, and their full-body tracked virtual avatar [26, 30, 76]. Second,
compared to virtual YouTubing where streamers establish their
workflows in traditional 2D space (e.g., on-screen video gaming
[30]), social VR streamers need to explore the 2D representations
(e.g., as shown in on-screen live streaming) of their 3D avatars and
immersive activities while in VR, which requires unique skills and
strategies to create visually comfortable and appealing content for
viewers on 2D platforms [26]. For example, to ensure a natural and
consistent appearance of their virtual avatars across various VR
environments and lighting conditions, social VR streamers usually
need to quickly change or adjust parts of their virtual avatars in
real time through in-VR menus [30].

On the other hand, social VR streamers face substantially more
intensive social interactions compared to experimental cross-reality
systems where interactions are typically task-centric and partici-
pants are pre-trained [6]. In contrast, for Social VR streamers, the
social cues they need to process to facilitate cross-reality interac-
tions can be more spontaneous and multifaceted. First, they need
to manage voice communication, express body language through
fully- or partially-body tracked avatars, and adapt to various so-
cial settings in virtual environments [17, 42, 61]. Recent studies
highlight how streamers with virtual avatars must more actively
maintain identity presentations (e.g., Virtual YouTube personas
[35, 68]) by intentionally aligning their facial, bodily, and vocal
performances with their avatar appearance and the virtual envi-
ronment, adding both technical and social complexities [4, 12, 30].
Second, as live streamers, they also need to constantly attend to
their audiences outside VR to maintain conversations and establish
connections [23], primarily by dividing their attention to the over-
laid chat window and strategically processing audience messages
in VR space [16, 76]. Such audience activities include prioritizing
viewers sending digital gifts or donations, balancing between gen-
eral audience and a specific viewer, and following specific topics
[36, 57, 74, 75, 80]. As such, social VR streamers’ dual identity at
the intersection of two spontaneous spaces with real time social in-
teractions creates complexities far exceeding those in conventional
cross-reality scenarios.

Therefore, given how social VR streaming presents these intensi-
fied cross-reality challenges in both social and technical dimensions,
we believe that it offers a valuable and nuanced context for studying
cross-reality interactions in authentic, real world settings, which
may help the research gap identified in existing controlled experi-
mental studies.
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3 Methods

Recruitment and Participants. The university’s Institutional
Review Board (IRB) approved this study for research ethics. We
recruited participants who have live-streamed themselves engaging
in social VR spaces (e.g., VRChat) through three approaches. First,
we directly contacted social VR streamers from our prior networks
to gauge their interest in participation. Second, we identified and
reached out to popular social VR streamers on major live stream-
ing platforms (e.g., Twitch), deliberately selecting streamers with
varying follower counts (from less than 1,000 to over 100,000) to
ensure diverse experience levels and popularity (see Table 1). Third,
we employed snowball sampling to recruit additional participants.

From October 2023 to July 2024, we conducted semi-structured
interviews with 17 social VR streamers. While this sample size may
appear modest due to the specialized nature of social VR To pro-
tect streamers’ privacy, we did not collect personally identifiable
information and used follower count ranges (<1,000, 1,000-5,000,
5,000-10,000, 10,000-50,000, 50,000-100,000, and >100,000) rather
than exact numbers. These ranges reflect our participants’ diverse
experience levels and popularity while maintaining their anonymity.
Notably, while some streamers in general may have remote modera-
tors on live streaming platforms, all our participants operated their
live streams independently, highlighting their personal challenges
of managing both 3D social VR and 2D streaming simultaneously.

Interviews. Our semi-structured interviews specifically explored
streamers’ various challenges and struggles when conducting live
streaming in social VR and their own efforts to address such chal-
lenges. Data saturation was achieved as no new major themes
emerged in our final interviews. Before the interviews, we provided
all participants with a consent document through their preferred
communication channel (e.g., email or Discord). After obtaining
consent, we scheduled and conducted interviews via either text
or voice chat according to participant preference (e.g., Discord or
Zoom).

We designed our interview questions using dialogic techniques
to encourage deep, reflective responses [73]. In particular, we de-
signed these interview questions mainly based on both existing
literature on social VR, live streaming, and cross-reality interac-
tions as well as our own practical experiences in this space. For
example, we reviewed relevant research on live streaming (e.g.,
audience interaction [74] and gifting system [80] in traditional live
streaming), social VR (e.g., collaboration [15] and streaming [26, 76]
in social VR), and cross-reality interaction challenges (e.g., collabo-
rative tasks across VR, AR and desktop PC [56]) to craft the initial
interview guide. The first author, who has extensive experiences as
an active social VR user and a live streamer, then iteratively refined
the interview guide through pilot interviews and critical reflections
to ensure that the interview questions captured streamers’ nuanced
challenges in cross-reality live streaming.

Each interview began with introductions, demographic ques-
tions, and queries about participants’ experience levels with social
VR platforms (e.g., VRChat, RecRoom, and Horizon Worlds) and
live streaming in general. We then explored participants’ technical
practices and challenges specific to streaming in social VR spaces,
particularly in comparison to traditional, non cross-reality stream-
ing. Example questions included: "How do you make your streaming
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Experience of

. L. Social VR Streaming  Number of Other Non-VR Experience of .
P#  Gender Age  Sexuality Ethnicity Platform Platform Followers Content Streamed Social VR Social VR
Streaming

P1  Man 25 Straight Hispanic VR Chat Twitch <1,000 N/A 5 years 4 years

P2  Trans Woman 26 N/A White VR Chat Twitch <1,000 Video Games 3 years 2 years

P3  Woman 26  Bisexual N/A VR Chat Twitch 1,000-5,000 Vldéo Games & 6 years 2 years

Online Commentary
P4 Man 18 Straight Asian VR Chat Twitch <1,000 Video Games 3 years 2 years
P5 Woman 22 Bisexual White VR Chat Twitch 1,000-5,000 Video Games 1.5 years 10 months
. Twitch & 3D Modeling &
P6  Man 33 Bisexual Black VR Chat YouTube 1,000-5,000 Video Games 6 years 3 years
. . . Twitch & Art &
P7  Non-Binary 36 Bisexual White VR Chat YouTube 1,000-5,000 Video Games 1.5 years 3 years
. . Twitch & .
P8  Gender Fluid 26 Demisexual N/A VR Chat YouTube 1,000-5,000 Video Games 2 years 5 months
P9  Woman 28  Lesbian White VR Chat Twitch 10,000-50,000 Video Games 5 years 5 years
Bi ti

P10 Non-Binary 31 A‘:;:EZ? " White VR Chat Twitch 1,000-5,000 Video Games 2 years 2 years
Twitch &

P11 Man 29 Pansexual White VR Chat YouTube & 10,000-50,000 Video Games 5 years 5 years
Kick
Twitch

P12 Non-binary 22 Bisexual N/A VRChat Yx’tfcub(e& 1,000-5,000 Video Games 5 years 3 months

P13 Man 30 Straight Asian VR Chat Bilibili 1,000-5,000 Video Games 2 years 8 months 9 months

P14 Woman 24 Straight Asian VR Chat Bilibili 10,000-50,000 Video Games 2 years 4 months 7 months

P15 Gender Fluid 31 N/A Asian VR Chat Bilibili 10,000-50,000 Video Games 5 years 3 months

P16 Man 20 Straight Asian VR Chat Bilibili 1,000-5,000 Video Games 1 Year 2 months 3 months

. . VR Chat & Bilibili &
P17 Man 23 Straight Asian Horizon Worlds  Tiktok >100,000 N/A 2 Year 6 months 3 months

Table 1: Participants’ offline demographics & online social VR streaming experiences. N/A means participant information not

provided.

in social VR appealing to your viewers? What are the VR and non-VR
tools you usually use to support your stream? What would you con-
sider to be the main challenges in streaming in social VR compared
to streaming other types of non-VR content?". Next, they were asked
how they would socially interact with their audiences, moderators,
and other people in social VR while streaming. Key questions rele-
vant to this study included: "How do you interact with your audiences
and other social VR users? What are the differences between these
two interactions? How do you balance between different social inter-
actions?" We then specifically asked about how streamers use VR
and non-VR user interface for these cross-reality social interactions.
Questions included: What VR and non-VR user interfaces do you
use during your stream? What are the purposes of these interfaces?
What are the challenges you experienced when using these interfaces?
Finally, participants were encouraged to suggest improvements
for future VR and streaming interfaces to address identified chal-
lenges and enhance their cross-reality social interactions during
social VR live streaming. Interviews averaged 64 minutes in length,
and participants received a$20 gift card after they completed the
interview.

Data Analysis. After the interviews were complete, recordings
were transcribed for data analysis. We then conducted an in-depth
inductive qualitative analysis using thematic analysis [9, 10], as
illustrated in Fig. 2. We chose a qualitative approach as it is par-
ticularly well-suited for investigating "how people interpret their
experiences, how they construct their worlds, and what meaning
they attribute to their experiences” [43]. Following McDonald et al.’s
guidelines for defining reliability in qualitative analysis in CSCW
and HCI practice, our analytical procedures focused on identifying
concepts and themes (recurrent topics or meanings that represent

[ Author discussion J [ Author discussion }

Close reading of Generale initial Combine and refine
interview transcripts codes codes

Review, define, and
name themes H Search for themes J(*
[ Author discussion } [ Author discussion J

Figure 2: Overview of the data collection and analysis process
in this study

Conduct and
franscribe the
interviews

Produce the repart

phenomena) rather than seeking agreement [40]. As McDonald et
al. note, coders may interpret the underlying meaning of codes
differently even when they agree on the codes themselves [40].
Therefore, instead of pursuing inter-rater reliability, we focused on
identifying recurring themes, detecting relationships among them,
and formulating these into broader thematic clusters [40].

We followed Braun and Clarke’s [10] six-step framework for
thematic analysis:

1. Data Familiarization: The first author conducted a detailed
line-by-line review of interview transcripts, taking notes and iden-
tifying information relevant to our research question about social
VR streamers’ challenges in managing interfaces for cross-reality
interactions and stream quality.
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2. Initial Code Generation: The first author developed preliminary
codes through an iterative process. Two authors then collaborated
to consolidate codes through an iterative process of open coding,
discussing ambiguities and resolving disagreements at regular in-
tervals. For example, the quote "I have to constantly be aware of
where my camera is in VR and where it’s pointing at." was initially
coded as "difficulty in using virtual camera" and "not supportive
camera system" which were then discussed and consolidated into
"lack of assistance in camera position awareness."

3. Theme Development: These two authors categorized codes into
thematic topics related to our research question and developed
sub-themes from participants’ descriptions. For instance, codes
about managing audience chat interactions and technical streaming
management in social VR were discussed and categorized under
the theme challenges in controlling external 2D software in a 3D VR
environment.

4. Theme Review: The two authors continued to review themes
against the original data set to ensure they accurately represented
participants’ experiences, with particular attention to how these
themes related to our research question.

5. Theme Definition and Naming: All authors collaborated to
further refine and name the final set of themes.

6. Report Production: All authors selected compelling represen-
tative quotes and developed a logical structure for presenting the
findings [10].

4 Findings

Drawing upon our interview data, we identify four critical chal-
lenges that social VR streamers face when managing cross-reality
interfaces to simultaneously handle 3D social VR and 2D live stream-
ing activities: (1) challenges in controlling external 2D software in a
3D VR environment, (2) challenges in arranging 2D interfaces in a 3D
VR environment, (3) challenges in maintaining 3D social awareness of
2D audience messages, and (4) challenges in maintaining 3D spatial
awareness about the 2D camera system. Table 2 summarizes our key
findings.

Following established qualitative research practices (e.g., [39]),
we focus on identifying and analyzing emergent themes across our
dataset rather than quantifying the frequency of specific observa-
tions. As Maxwell [39] argues, numerical reporting of qualitative
data can potentially mislead by suggesting unwarranted generaliz-
ability and overlooking crucial contextual factors.

4.1 Challenges in Controlling External 2D
Software in a 3D VR Environment

Our participants unanimously noted the special need to overlay
2D PC interfaces within their VR environments for various stream-
ing tasks. According to our participants, these interfaces typically
include audience chat windows, streaming system managers (e.g.,
OBS), music players, and social VR community platforms (e.g., Dis-
cord).

To social VR streamers, these external 2D interfaces are indis-
pensable for polished stream content. For example, P5 emphasized
how music selection helps craft specific moods signified in her
stream, "I play music during my stream to get everyone into a mood,
especially to match with an ongoing topic in my stream or a specific

Hu and Freeman

[

Figure 3: Examples of 2D window overlays social VR stream-
ers need to manage for their streaming: (1) streaming man-
ager (OBS) (2) audience chat, and (3) music and community
software. (4) highlights the VR ray-casting control to navi-
gate the menu items on 2D interfaces in VR.

theme in a map." According to P5, music switching occurs frequently
as she navigates different game worlds to craft diverse streaming
content and encounter various social VR users. This highlights
how social VR streaming requires significant efforts to work not
only in VR but also in 2D interfaces to create an overall engaging
experience for viewers.

In addition to music control, this careful curation also extends to
visual elements controlled by different 2D interfaces in VR space:

"I have a cartoon television overlay in my stream. [...] So whenever
I pretend to ‘interview’ someone in VR, I will make that visible (in
OBS)." (P6)

"Before I dance, I usually pull my OBS up, turn up the BGM volume,
and activate a filter image. It is like a semi-transparent image that
overlays a color to my whole stream. [...] I want everything matches
with my next dance." (P14)

For participants like P6 and P14, such coordination between dif-
ferent software applications is crucial to create "cohesive viewing
experiences” (P14). As a result, such overlaid 2D interfaces can be
intensively used by social VR streamers. However, due to the fun-
damental mismatch between VR controls and 2D interfaces
designed for traditional PC, stream management in social VR
presents significant challenges. P11 highlighted difficulties even
in seemingly simple operations, "It is much harder to be more im-
promptu with showing things on the (audience’s) screen, even for
simple things like playing a video." He then elaborated on the con-
trast with traditional streaming,

"To show a video (in social VR), I need to reorder the visual overlay
on OBS and click on the play button on my PC browser. [...] However,
I cannot use the ‘Alt Tab’ (keyboard shortcut) to switch windows, so I
have to use the VR pointer (ray-casting via VR controller) as a mouse
cursor to manually find and switch windows." (P11)

In this case, because social VR streamers typically need to stand
and move around during their streams, they do not have quick ac-
cess to suitable PC controls (e.g., keyboard) for 2D windows in VR.
As a result, compared to traditional desktop interfaces where input
methods and visual feedback exist in the same dimensional space,
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RQ: What unique challenges do users face when Key Findings
managing cross-reality interfaces for social inter-
actions in VR environments?

- Social VR streaming requires managing existing complex 2D interfaces within VR for polished
Challenge 1: Controlling external 2D software ina 3D streaming image.

VR environment
- Streamers experience the mismatch between VR controls and 2D interfaces originally designed for

traditional PC interaction.

- Visual complexity and limited error recovery add considerable psychological pressure during
streams.

- Identified gap: current systems lack integration support between immersive 3D interfaces and widely
adopted 2D software.

- Multiple essential 2D windows for stream management and audience engagement can cause visual
obstruction.

Challenge 2: Arranging 2D interfaces in a 3D VR
environment

- Large windows needed for readable text and precise control can make the spatial conflict even worse.

- Identified gap: current window overlay solution does not support flexible 2D and 3D interfaces
co-display mechanisms to address the overlapping issue.

- 2D chat windows with specialized display for enhanced visibility can still be overlooked in VR.

Challenge 3: Maintaining 3D social awareness of 2D o . . A .
. - Text-based communication requires more active attention compared to natural 3D social cues.
audience messages

- Current tangible notification systems cannot support meaningful communication between

streamers and viewers.

- Identified gap: existing systems lack translation mechanisms to display rich 2D text messages with
intuitive 3D social cues.

Challenge 4: Maintaining 3D spatial awareness of 2D - Streamers need to constantly monitor 2D stream preview to confirm whether the viewers’ viewpoint

camera system indeed matches the streamer’s intention.

- Identified gap: current virtual camera systems lack VR-native visual signifiers for easily maintaining
awareness of cross-reality perspectives.

Table 2: Summary of key findings

DIS °25, July 5-9, 2025, Funchal, Portugal

social VR streamers must constantly switch between incongruent
interaction paradigms (e.g., using controller ray-casting to click 2D
user interface elements), which may cause frequent mistakes and
significantly increase their cognitive loads. This challenge becomes
particularly acute when streamers need to perform in an embod-
ied approach, such as hand-tracking, during which even their VR
controllers may be inaccessible. P9 explained,

"I don’t use my controllers during dances, because I need to be
expressive with my hand and finger movements. But, because I also
need to use my controller before and after, to access menu and other
stuff, there would be a big bump, as I need to firstly find my controller
in my physical room."

As shown in this quote, the need to frequently switch between
different interaction settings (e.g., controller-free 3D performance
and controller-based 2D stream management) can add extra com-
plexity to their streaming workflow and potentially disrupts the
natural process of their content delivery (e.g., they have to stop and
find controllers).

Further, while conducting simple tasks is already challenging,
social VR streamers’ cross-reality interactions are even more com-
pounded by the visual complexities of some feature-rich PC inter-
faces they have to use in VR. Applications like OBS feature numer-
ous small buttons and text elements designed for precise mouse
interaction, such as toggle music mixers and adjustable visual el-
ement layers (See windows in Figure 3). This thus leads to more
frequent errors when streamers have to manipulate this software
through VR controllers. P11 shared,

"I can make several mistakes trying to click the button in OBS. [...]
Also, as I cannot type, I usually keep lots of browser tabs for different
videos and websites. It gets frustrating when I cannot find the right
tab or even close the one I need by accident. [...] I must spend much
longer time to fix it (compared to non-VR streaming)."

As social VR streamers’ ability to make adjustments on 2D PC
software is severely limited after entering the VR space, streamers
usually prepare extensively before their stream to ensure smooth
content delivery while in VR. For participants like P11, this in-
evitably results in a visually cluttered interface with numerous
windows and tabs. Furthermore, as P11 noted, even minor mistakes
(e.g., accidentally closing a pre-prepared video tab) can disrupt
their carefully prepared content flow and force them to improvise
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solutions while still maintaining audience engagement. This com-
bination of visual complexity and limited error recovery thus not
only complicates streamers’ workflow but also adds considerable
psychological pressure during their streams.

4.2 Challenges in Arranging 2D Interfaces in a
3D VR Environment

Besides the difficulty of manipulating 2D controls in VR, our par-
ticipants also highlighted the significant spatial conflict when
arranging 2D interfaces in 3D social VR environments. As men-
tioned in the previous section, streamers need to frequently attend
to several 2D interfaces in VR. While these 2D windows can be
turned off and pulled up again, for easy and quick access, streamers
usually keep several 2D windows around them. For example, P17
emphasized: T keep my OBS windows available all the time, so I can
monitor my stream image. [...] I also don’t want to miss anything
from my viewers, so that one (audience chat window) is also up all
the time." For streamers like P17, to maintain both stream quality
(e.g., through observing the real-time stream image mirrored to
OBS) and audience engagement (e.g., through reading and replying
to audience messages), constant presence of these 2D windows
becomes essential.

However, from the streamer’s view, these windows take up large
amounts of visual space around them, which unfortunately makes
their surrounding work environment physically complex. In-
deed, while most window overlay solution supports transparency
setting, the dense content they display (e.g., mirrored stream im-
age and audience text) inevitably blocks streamers’ vision in VR.
Multiple participants described this issue:

"When I pull up my windows, I would be totally surrounded by
them." (P13)

"If you were to be my POV of streaming, I'm basically looking at a
wall of screens.” (P11)

For participants like P11 and P13, maintaining multiple 2D win-
dows in VR can dominate their surroundings and directly hinder
their ability to view and interact with others in social VR. Further-
more, this visual challenge can be compounded by the use of large
windows in VR. As mentioned in the previous section, feature-rich
streaming software typically features dense controls (e.g., OBS) and
text-heavy interfaces (e.g., audience chat). For these tasks, smaller
windows can become impractical for social VR streamers. As P7
explained, "when I need to read or control my PC windows in VR,
I can’t use small windows, or I would make mistakes. [...] This of-
ten blocks the (VR) world from my view. [...] I think I missed lots
of things because of this." As a result, this requirement for larger,
legible interfaces with dense controls creates a fundamental ten-
sion between managing streaming tools and engaging with the
actual virtual world, which ultimately constrains streamers’ ability
to create dynamic, immersive content for their viewers.

Additionally, this may extend beyond blocking static surround-
ings (e.g., VR environments and objects) to affect dynamic game-
play experiences in social VR. For instance, P11 highlighted how
these windows can limit their ability to play games in social VR: "It
can sometimes be a little detrimental because I can’t see a monster
coming for me in a game." For P11, these limitations not only lead to
potential gameplay failures but also create unwanted interruptions
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for both streamers and their audience, compromising the overall
streaming experience and content quality.

P3 further added that these visual obstructions would even signif-
icantly impact streamers’ social interactions with other social
VR users. As she elaborated, "Tusually have an overlay over my face,
and I could only see around the edges to see other players come up to
me and try to get my attention, but I would be busy watching these
windows." Therefore, when streamers are physically surrounded by
multiple 2D interfaces, they are also socially isolated from surround-
ing social VR users. As social VR streamers are social VR users per
se, their social interactions with other users are essential both for
their own social VR experience and for content creation in their
streams (e.g., interviewing other social VR users). Therefore, while
2D windows support essential stream management in VR, their
current simple implementations lead to a dilemma where stream-
ers must constantly shift between 2D and 3D interaction spaces
rather than seamlessly integrating both, ultimately constraining
their ability to make the best use of such cross-reality systems.

4.3 Challenges in Maintaining 3D Social
Awareness of 2D Audience Messages

Among all the 2D windows social VR streamers need to manage,
our participants unanimously emphasized that the audience chat
window is the most crucial 2D interface, as it serves a pivotal role
in building audience connections. As such, to maintain effective
awareness of audience messages, streamers have developed various
technological solutions for enhanced chat window visibility while
navigating 3D space. For example, P8 described his approach to
fix chat window in his view, "The way I make my chat visible is to
make it like a HUD (Heads-Up Display), so wherever I am looking at,
it is always at the corner of my view." Similarly, P1 explained their
solution to attach the chat window on their body to maintain easy
accessibility, "All windows are in the air, but I put my chat on my wrist,
Jjust like a watch, so I can easily know what my viewers are talking
about.” For both participants, they adopted specialized audience
chat display different from other windows, which highlights the
priority of audience interaction in their live streaming.

However, even with optimized chat window displays, streamers
can still miss messages from their audiences and make delayed
responses:

"My viewers usually comment more when I have something to do,
like when we are having parties (in social VR). [...] But in that case, I
might also miss their messages. So sometimes I have to handle several
messages that stacked up during the past minute." (P7)

"When I am dancing or talking, I always put the chat window in
the center (of my view). [...] But sometimes, like when I am playing a
game, I cannot do that, or my view would be blocked. So I have to put
it on the side and regularly check it." (P14)

Here, even with optimized display methods (e.g., using small
body-fixed display), managing audience chat and engaging in
immersive VR activities can still become competing tasks.
Participants such as P4 explained why they still experience this
dilemma, "talking to people in VR is much easier, because you can see
them walking to you, looking at you, and you can hear their sound.
But, chat is different. You have to open it and read it more actively. [...]
To me, it (chat reading) needs more energy." In this case, compared to
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3D social VR interactions where natural, multi-modal social cues
can be more passively conveyed and sensed (e.g., through body
languages, eye contacts, and sound), 2D chat requires more active,
deliberate attention to process text messages, making it more likely
for streamers to unconsciously overlook audience interactions even
when they are easily visible.

It is worth noting that, to address this challenge, some streamers
have begun to experiment with more tangible methods to make
audience messages naturally visible in a 3D virtual space. These
solutions typically involve audience "redeems", a special action that
viewers can trigger on 2D live streaming platforms to generate and
project audiovisual effects in the streamer’s 3D VR environment.
These effects range from simple audio cues like "applause sound" (P8)
and "scream sound" (P10) to more elaborate visual elements such as
"3D emoticon" (P14) around streamer’s avatar for showing audience
support and “steel tube” (P16) that creates physical interactions by
dropping onto the streamer’s virtual head.

However, while these innovative solutions can foster streamers’
awareness of audience presence, they often remain in simple forms
and cannot support more meaningful and in-depth communications.
As P16 reflected, "Initially it was very popular. But now I feel it is
more like a T'm here’ message. [...] Sometimes it is just a reminder for
me to read their chat." For streamers like P16, although streamers can
passively see and hear from audiences, these cues ultimately serve
as notifications of the mere presence of their viewers. If streamers
endeavor to engage in actual, meaningful communication with their
audiences, they still need to shift their attention to carefully read
the chat. In this sense, simple tangible messages still cannot sup-
port spontaneous and natural social interactions between streamers
and viewers across different realities. This thus highlights a persis-
tent gap in effectively conveying 2D social messages into the 3D
immersive space.

4.4 Challenges in Maintaining 3D Spatial
Awareness of the 2D Camera System

Besides the chat window, our participants emphasized another cru-
cial interface for audience experience: the stream monitor window
that displays camera-captured images (e.g., OBS). According to our
participants, social VR streaming requires constant attention to this
window to ensure proper framing and content delivery for their
viewers:

"I have to constantly be aware of where my camera is in VR and
where it’s pointing at." (P10)

"To me, having a nice looking environment and having a nice look-
ing frame is important. So, to some extent, I stream as a cinematogra-
pher [...] I spent lots of time testing those frames and compositions for
my stream.” (P2)

For these social VR streamers, their audiences’ perspective (e.g.,
rectangular 2D videos) is fundamentally different from their own
views in 3D immersive environments. Therefore, though stream-
ers can directly manipulate the virtual camera as a 3D object (e.g.,
grabbing and moving) in VR to adjust the camera image (e.g., fram-
ing and composition), they still need to frequently inspect the 2D
camera output through 2D interfaces (e.g., OBS) to ensure that their
audiences’ viewpoint is appropriate and aligns with their intention.
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In this sense, similar to challenges in managing the chat window,
streamers can also fail to maintain attention to the camera
preview during immersive activities. This can cause frustrating
moments when the camera fails to capture the correct content that
streamers intend to show their viewers. For example, P12 shared
their failed camera control when immersed in 3D activities, "When
I am talking to someone in VR, I sometimes refer to something or
someone else around us (in VR), but my audiences actually couldn’t
see." Here, P12 highlights that streamers’ struggles with immersion
in 3D activities and missed control through 2D camera monitor-
ing may cause frequent uncertainties about the camera coverage
while attending to immersive activities. This thus creates another
persistent tension between streamers’ immersive participation and
technical monitoring for 2D audience experience.

Notably, virtual camera systems in social VR usually have a
"following" mode that allows social VR users to keep the image
focusing on themselves, which can be a viable solution for this issue.
However, P12 revealed that even in the "following" mode, streamers
may encounter similar challenges, "by default, the camera points at
me, but I cannot exactly know how much around me is captured, until
I check my camera image." Here, even with the feature to constantly
track the virtual camera, our participants are still uncertain about
the exact camera coverage for their viewers. Moreover, such a
"following" mode does not support automated functions besides
following the streamer’s own face, which prevents streamers from
crafting more creative camera usage. P15 explained,

"The camera has a follow mode, but it only track my face. [...] For
example, it can’t follow my hand. Or, I want it select something in VR,
like tracking a car, or any other users. [...] The way to do it right now
is still holding the camera and looking at the window (stream image
monitor)."

P15 then referenced other VR games to illustrate how 3D camera
systems should use 3D cues to support more natural usage,

"In some shooting games, you have those flash lights, and you can
clearly see the light from your teammates, so you know where they
are looking at."

Here, P15’s example of using visible 3D frustum highlights how
the visibility of VR camera viewpoint can be enhanced through
immersive 3D visual cues instead of 2D windows. This thus reveals
a significant design gap in generalizing intuitive VR designs for 2D
content creation in VR.

5 Discussion

As mentioned in the Related Works section, existing works have
established valuable design principles for cross-reality systems
through controlled experiments (e.g., reality transition for single
users, cross-reality objects substitutions for surrounding awareness,
and multi-user context display across different realities [6]). While
these works provide important foundational understandings, our
findings offer new insights into how real-world cross-reality prac-
tices, such as social VR streaming, present more nuanced challenges
that transcend these existing design guidelines, particularly when
complex technical setups and spontaneous social interactions are
involved (see Table 2).

One highlight from our findings is how streamers’ diverse tech-
nical settings and audience scales might compound their challenges
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in managing social VR streaming identified in this paper. For ex-
ample, while our participants tend to use modern commercial VR
hardware (primarily Meta Quest 2/3 and Valve Index) and industry-
standard streaming software (e.g., OBS), they usually customize
these technologies (e.g., adding face-tracking hardware, using wrist
display for the chat window) to adapt to their cross-reality environ-
ment. This suggests that the lack of universal cross-reality support
pushes streamers to come up with their own workarounds, result-
ing in manual solutions that further expose the the fundamental
mismatch between 2D and 3D interaction paradigms demonstrated
in social VR streaming. Regarding audience sizes, our participants
with larger followers (>10,000) seem to experience both height-
ened advantages and challenges. While these streamers typically
have access to more sophisticated technical setups (e.g., dedicated
streaming PCs and advanced body-tracking systems), they are also
expected to produce higher quality content and constantly inter-
act with a larger population of viewers, which further amplifies
the difficulties for them to manage cross-reality social interactions.
For instance, P9 and P14 (both have 10,000-50,000 followers) de-
scribed that they had to craft more complex interface arrangements
to accommodate additional audience engagement features, which
also led to greater visual obstruction and attention management
difficulties.

Building upon these findings, in this section, we highlight critical
design spaces for addressing unique technical and social challenges
in future cross-reality interactions in real world contexts. In par-
ticular, we structure our discussion around two complementary di-
mensions: (1) rethinking interfaces: cross-reality systems should
require granular interface transitions rather than directly tran-
sitioning users between realities. This points to the urgent need
to rethink and redesign established 2D tools, interfaces, and work-
flows to maintain compatibility with new 3D virtual spaces while
avoiding potential spatial conflicts between interfaces; and (2) re-
thinking interactions: cross-reality systems should be designed
to facilitate more natural social interactions beyond lab settings.
This points to the urgent need to transform non-VR native inputs
(e.g., text) into immersive 3D representations while simultaneously
supporting multi-user context sharing by making 3D experiences
accessible through familiar 2D formats for non-VR users (e.g., on-
screen video).

5.1 Rethinking Interfaces: From 2D and 3D to
Multidimensional

Our findings highlight how current cross-reality interfaces in social
VR streaming are insufficient to support the complex workflows and
spatial arrangements across various realities. As our finding have
shown, streamers complain that many 2D desktop-based interfaces
required for their streaming are not compatible in a 3D virtual space.
In this section, we focus on two potential directions to rethink and
redesign cross-reality interfaces. First, future cross-reality systems
should support existing complex 2D software interfaces in immer-
sive environments rather than frequently transiting users between
reality spaces and developing specialized but limited cross-reality
tools in experimental settings. Second, future cross-reality systems
should address the fundamental tension between overlapping 2D
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and 3D interfaces to support the co-existence of multidimensional
interfaces in cross-reality contexts.

5.1.1 Designing for Supporting Existing 2D Software Interfaces in
Cross-Reality Systems. Current transitional interface principles in
cross-reality systems primarily focus on shifting users smoothly be-
tween realities [20, 50, 54, 56, 58]. This means that different interac-
tion spaces and interfaces are separate domains that require explicit
transitions (e.g., using physical 2D interface would require people
to exit VR first [6]). Yet, our findings highlight a more fundamental
need to translate established workflows and software ecosystems
into immersive environments for faster access and smoother task
transitions. As cross-reality systems increasingly require coordi-
nation with traditional working devices like desktop computers
[46, 52, 56], the disconnect between immersive 3D interfaces and
widely adopted 2D software can be particularly pronounced.
Therefore, we suggest that future cross-reality interface design
should prioritize compatibility with existing 2D-based software
and workflows. This means focusing on adapting existing sophisti-
cated 2D control systems for 3D manipulation without undermining
functionality, which may help users in immersive 3D space to have
easier access to established controls and complex operations that
they are already familiar with. For example, future cross-reality sys-
tems could implement contextual input adaptation that dynamically
transforms 2D interface elements based on VR interaction context.
Instead of enlarging the whole window to ensure precision (P7),
future designs can enable magnifier mechanics that automatically
expand small buttons on any 2D interfaces when approached by
VR controllers and provide haptic guidance for precise control. Ad-
ditionally, similar to how our participants adopt various HUD and
embodied displays for specific functionalities, future cross-reality
systems could support more flexible interface decomposition, which
allows users to extract only the most essential controls into the
3D space (e.g., camera flipping and chat transparency) while rele-
gating other secondary functions (e.g., playing music) to auxiliary
spaces. This approach would maintain the workflow continuity
while mitigating the precision challenges that our participants have
experienced when attempting to use complex 2D software in VR.

5.1.2  Designing for Addressing Multi-Dimensional Interface Interfer-
ence in Cross-Reality Systems. Moreover, our findings reveal unique
spatial challenges in social VR streaming that differ from current
research approaches that mainly focus on spatial conflicts in the
physical world (e.g., between VR users’ body and the physical ob-
jects around them [6]). In our study, social VR streamers experience
similar visual blockage even in the virtual space, as too many in-
terfaces imported from another reality (e.g., 2D chat windows) can
cause both physical and mental burdens during their cross-reality
practices.

Such visual interference between 2D and 3D interfaces stems
from current cross-reality systems’ limited approach to window
display options. For example, existing virtual window control tends
to focus on individual window positioning methods (e.g., world-
locked, view-locked, and body-locked [14]) instead of addressing
the visual and physical interference between multiple interfaces
in dynamic virtual environments. Furthermore, as users need to
maintain continuous awareness of both 2D information and 3D
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Figure 4: A contrast between the 2D/3D interface awareness
for social VR streaming. Left: current 2D interfaces (stream
manager and chat window) for audience engagement. Right:
Social VR streamers’ proposed 3D solutions to localize these
2D interfaces.

surroundings, more flexible solutions allowing smooth transitions
between these interfaces should be introduced.

Indeed, recent research has begun to explore more fluid interface
transitions between realities [58, 65], such as gradually replacing
objects in physical surroundings with virtual environments to en-
hance users’ spatial perception across realities [65]. Building upon
these insights, we suggest that future cross-reality systems should
implement more responsive interface management strategies that
can immediately adjust to users’ active attention shift across real-
ities as well as environmental changes in respective realities. For
example, future cross-reality systems could implement an attention-
aware window system that utilizes sensing technologies (e.g., social
VR streamers’ eye-tracking) to detect focus patterns and automat-
ically adjust the transparency setting of non-primary interfaces.
This could be coupled with automatic spatial interface arrange-
ment that maps different information categories to distinct spatial
zones around the user, allowing for more intuitive navigation with-
out manual window arrangement. Additionally, interface elements
could be designed to automatically shift their digital representa-
tions based on the current ongoing tasks, such as transforming
from detailed dashboards during active interactions with people
in other realities to ambient indicators during immersive activities
in the current reality, which can provide continuous awareness
without visual obstruction.

5.2 Rethinking Interactions: Designing for
Supporting Natural Cross-Reality Social
Interactions Through Everyday
Technologies

Another highlight from our findings is social VR streamers’ strug-
gles with facilitating natural cross-reality social interactions in a
bidirectional and intuitive way. This demand also goes beyond just
informing the existence of different realities (e.g., displaying ob-
jects and bystanders through visual portals [6, 18, 50, 69, 70]) as
described in existing cross-reality object substitution and multi-
user interface principles [6]. Indeed, in our study, real-world cross-
reality practices, such as social VR streaming, primarily rely on
everyday technologies, marking a significant departure from ex-
isting research prototypes that focus on specialized software and
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hardware. In this section, we thus highlight two important consid-
erations for designing more natural cross-reality social interactions
beyond lab settings: (1) translating 2D messages into immersive 3D
space for intuitive cross-reality social awareness; and (2) supporting
immersive video sharing in VR to engage with non-VR audiences.

5.2.1 Translating 2D Messages into Immersive 3D Space for Intuitive
Cross-Reality Social Awareness. In our study, social VR streamers
often struggle with maintaining social awareness of 2D audience
text messages, although many of them have implemented various
visibility solutions (e.g., HUD displays) that align with research
on body-centric notification approaches for balancing information
perception and immersion [53]. As described by our participants,
these efforts still cannot compensate for the fundamental imbalance
between natural, multi-modal VR interactions and limited single-
modal text communications from non-VR audiences, making their
presence less salient and potentially be overlooked.

In response, a small body of prior research has begun to explore
ways to increase bystander presence through body video streaming
[41, 66], and some social VR streamers have also begun to explore
immersive notifications through audience redeems. However, how
to better support detailed communication through 3D social cues
remains unexplored. This reveals a critical design space for de-
veloping translation mechanisms that can incorporate basic text
messaging within VR while enhancing the social awareness in 3D
environments (see Figure 4).

To address this gap, we propose supporting cross-reality mes-
sage translation to substitute incoming 2D texts from non-VR
users into VR-specific social cues with tangible effects. For exam-
ple, future cross-reality systems could implement semantic ani-
mation that analyzes message content to generate contextually
relevant environmental effects, such as transforming exclamations
of excitement into text blocks with particle bursts and converting
congratulatory messages into virtual confetti that appears around
the streamer. Furthermore, audience presence could be reinforced
through ambient representation systems that aggregate viewer
activity into dynamic environmental elements that scale with audi-
ence size and engagement level, such as a virtual sun that brightens
with increased chat activity or spatial audio cues that convey audi-
ence reactions. These approaches would maintain the streamer’s
immersion in VR while providing intuitive awareness of audience
engagement outside VR without requiring streamers’ explicit at-
tention shifts.

5.2.2 Supporting Immersive Video Sharing in VR to Engage with
Non-VR Audiences. Existing design guidelines for cross-reality inter-
actions also acknowledge the importance of shared understanding
across realities by leveraging specialized displays (e.g., external
screens for co-located viewing [22, 27] or smartphone AR synchro-
nization of certain 3D objects [77]). However, these approaches
tend to focus on automated target view synchronization rather
than facilitating personal experience sharing that centers emotional
delivery and careful viewpoint curation. In contrast, our findings
reveal that cross-reality social interactions in social VR streaming
tend to resemble everyday social sharing and may even require
aesthetic framing and composition of VR views (e.g., streaming as
a "cinematographer” in VR).
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While this seemingly overlaps with VR filming for professional
production [8, 25, 34], in our study, social VR streamers’ practices
also differ from planned, collaborative shots as their streaming
requires more spontaneous and improvisational performances by
themselves. This real-time and single-user nature thus requires
streamers to constantly divide attention and attend to the virtual
camera (e.g., through mirrored camera images), highlighting a criti-
cal need for more VR native camera support (e.g., enhancing camera
orientation awareness by "flashlight-like" frustum indicator in VR,
see Figure 4).

To explore this new design space, we suggest that future cross-
reality systems could incorporate immersive camera systems that
transcend basic viewpoint sharing by supporting intuitive cine-
matic creation within 3D spaces. Drawing from our participants’
experiences, for example, future cross-reality system could imple-
ment camera frustum display methods mentioned by P15 to replace
the camera viewpoint windows, such as subtle light cones that rep-
resent camera direction and zoom level without requiring attention
to a mirrored display. This approach would maintain immersion
while providing essential framing awareness. Additionally, intel-
ligent camera assistance features could enable aesthetic content
sharing through context-aware following modes and composition
aids, such as highlighting potential subjects for following and apply
different lighting to 3D objects according to their 2D frame position-
ing. These enhancements would empower streamers to function
as spontaneous cinematographers for their viewers outside VR
without undermining their immersive presence in VR.

5.3 Limitations and Future Work

Our study has several limitations. First, while our participants rep-
resent a diverse sample of social VR streamers across ethnicity,
gender, and sexuality, their experiences primarily centered on VR-
Chat and mainstream streaming platforms (e.g., Twitch, YouTube,
our understanding beyond these particular platforms, potentially
missing unique challenges and opportunities in other social VR
environments. Future work should explore how cross-reality social
interactions manifest across a broader range of platforms to develop
a more comprehensive understanding of this space.

Second, while our interviews with streamers provided rich in-
sights into their streaming practices and perceived viewer impacts,
this single-perspective approach may not fully capture the complete
dynamics of cross-reality social interactions. Future research should
incorporate multi-stakeholder perspectives, particularly through
interviewing or surveying viewers to understand how they per-
ceive and experience streamers’ struggles and challenges in social
VR streaming. Such research can help inform the design of future
cross-reality systems with more in-depth empirical evidence of how
both streamers and viewers experience, interpret, and engage with
cross-reality social interactions in social VR live streaming.

6 Conclusion

Our investigation of social VR streaming reveals fundamental real-
world challenges in cross-reality systems that span both technical
and social dimensions. Through analyzing social VR streamers’
unique cross-reality practices, we have identified key tensions in
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social VR streaming emerging in (1) controlling external 2D soft-
ware in a 3D VR environment, (2) arranging 2D interfaces in a 3D
VR environment, (3) maintaining 3D social awareness of 2D audience
messages, and (4) maintaining 3D spatial awareness about the 2D
camera system. These findings extend beyond conventional cross-
reality experiments and prototypes to inform the broader design
space of such systems, particularly in integrating cross-reality sys-
tems into existing 2D software ecosystem and further supporting
more natural and intuitive cross-reality social interactions through
everyday technologies. We believe that this work will help us un-
derstand and design more sophisticated yet accessible cross-reality
systems to support people’s productivity and various social needs
in the future, which will ultimately make cross-reality experiences
more inclusive for a broader population and more diverse daily
contexts.
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