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Figure 1: How social VR users stream their activities and experiences in immersive social VR spaces for online audiences
outside VR to watch (left to right: a streamer in the offline world, the streamer’s avatar in social VR with other social VR users’
avatars, audiences on 2D streaming platforms watching the streamer’s activities in social VR in front of a screen outside VR)

Abstract

Social VR platforms are increasingly transforming online social
spaces by enhancing embodied and immersive social interactions
within VR. However, how social VR users also share their activities
outside the social VR platform, such as on 2D live streaming plat-
forms, is an increasingly popular yet understudied phenomenon
that blends social VR and live streaming research. Through 17 in-
terviews with experienced social VR streamers, we unpack social
VR streamers’ innovative strategies to further blur the boundary
between VR and non-VR spaces to engage their audiences and po-
tential limitations of their strategies. We add new insights into how
social VR streamers transcend traditional 2D streamer-audience
engagement, which also extend our current understandings of cross-
reality interactions. Grounded in these insights, we propose design
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implications to better support more complicated cross-reality dy-
namics in social VR streaming while mitigating potential tensions,
in hopes of achieving more inclusive, engaging, and secure cross-
reality environments in the future.
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1 Introduction

Social Virtual Reality (VR) platforms (e.g., VRChat, Meta’s Horizon
Worlds, and RecRoom) are spaces where multiple users can interact
with one another typically through VR head-mounted displays and
immersive 360-degree virtual content in 3D virtual spaces [12, 18, 23,
47]. They have been praised for dramatically transforming online
social interactions through enhanced embodied and immersive
social experiences via full- or partial-body tracked avatars (i.e., one’s
avatar body actions correspond to one’s physical body actions in
real-time); predominate voice communication; body language and
gestures; and simulated immersive activities [18, 47, 66]. As such, a
growing body of HCI research has focused on various interaction
dynamics within social VR [2, 3, 17, 35, 76, 77]. However, how social
VR users also endeavor to make their activities and experiences
in immersive social VR spaces available and viewable outside the
social VR platform (e.g., through streaming to their audiences on 2D
live streaming platforms; see Figure 1) seems to be an increasingly
popular but understudied new phenomenon that continues to blend
and innovate the current landscape of HCI research on both social
VR and live streaming.

Indeed, we have seen a steady growth of streamed VR content
on popular streaming platforms such as YouTube and Twitch (e.g.,
[67]), as well as more detailed guidelines and tutorials regarding
how to set up VR streaming (e.g., [31]). Compared to traditional 2D
live streaming, social VR streaming differs in two significant ways.
First, traditional live streaming typically requires the streamer to sit
in front of a computer/camera and interact with viewers via micro-
phone, keyboard, and mouse. In contrast, social VR streamers focus
on VR-specific embodied engagement. They often stand up and
move around while wearing a VR headset to fully immerse them-
selves in the VR space through embodied identity practices (e.g., full-
or partial-body tracked avatars) to generate the streamed content
(Figure 1) [74]. Second, social VR streamers face unique technical
and social challenges by blending cross-reality interactions in both
physical and virtual worlds [74]. Such complexity often stems from
leveraging various technologies to interact with multiple stakehold-
ers across different realities (e.g., streamers in social VR, audiences
on non-VR streaming platforms, and bystanders in social VR), which
also requires streamers to navigate across interaction modalities
in different realities (e.g., VR and non-VR user interfaces) [1]. As
this emerging streaming practice continues to shape new forms of
online social experiences that creatively combine immersive VR
activities with interactive non-VR live streaming, we believe that
more in-depth investigations of social VR streamers’ nuanced prac-
tices and their struggles are crucial for better understanding more
complicated cross-reality social dynamics in the future.

In this paper, we specifically explore the following research
questions using 17 in-depth semi-structured interviews with expe-
rienced social VR streamers:

RQ1: What unique strategies have social VR streamers
used to bridge immersive VR experiences with their audi-
ences on streaming platforms outside VR?

RQ2: How do social VR streamers perceive the potential
limitations of their strategies?

We make two primary contributions to HCI research at the
unique intersection of live streaming and social VR research. First,
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we contribute towards the growing body of literature on exploring
more nuanced and immersive methods to transcend traditional
2D streamer-viewer interactions (e.g., [34, 55]). In particular, we
unpack social VR streamers’ innovative strategies to move beyond
conventional 2D streamer-audience interactions by facilitating di-
rect physicalized and embodied engagement and cross-reality in-
teractions between streamers in VR and viewers outside VR on
traditional live streaming platforms. On the one hand, these ap-
proaches go beyond merely verbal or non-verbal communications
on a 2D screen [11, 33, 34, 58, 71] or specific outside-screen inter-
actions [34, 55]. This allows social VR streamers to further blur the
boundary between VR and non-VR spaces to engage their audiences
through creating a sense of physical co-presence with their viewers,
enabling viewers’ tangible involvement in VR, and expressing a
more genuine self. On the other hand, compared to existing re-
search on cross-reality interactions, we also offer novel insights
into how social VR streamers leverage even more creative and com-
plex cross-reality strategies (e.g., natural, physicalized, and tangible
interactions) to facilitate intuitive streamer-audience interaction
across different realities. These practices thus significantly expand
prior works on the commonly controlled workspace cross-reality
settings (e.g., [27, 49, 54, 57, 65]). Second, we provide critical re-
flections on potential risks and limitations in social VR streamers’
emerging practices built upon existing safety concerns in social VR
(e.g., harassment issues [4, 5, 21, 59]), privacy risks such as identify-
ing offline individuals through their full-body movement patterns in
VR [50], and cross-reality interaction challenges (e.g., maintaining
asymmetric awareness across realities [27, 49, 57, 65]). Grounded in
these insights, we propose potential design implications for support-
ing social VR streamers’ future endeavors while mitigating these
identified tensions, which may contribute to a broader research
context around safer and more nuanced cross-reality, hybrid social
interactions in the future.

2 Related Works

2.1 The Importance of Self-Presentation and
Streamer-Audience Interactions in Live
Streaming

Live streaming is a unique interactive media form that combines
both public broadcasts of high-fidelity live audio and video through
the Internet and low-fidelity text-based communication channels
for streamers and viewers [29]. Popular live streaming platforms
and services such as Twitch.tv, YouTube Live, and Facebook Live
have increasingly become a part of pop culture, attracting millions
of viewers and streamers and offering a variety of streamed content
ranging from gameplay, painting, crafting, eating, and cooking to
sleeping [30]. This growing social phenomenon of live streaming
has led to a large body of HCI research with diverse foci. Examples
include understanding live streaming as a form of cultural heritage
[26, 40, 52] and digital economy [32, 72], for learning and teaching
purposes [9, 10, 13, 15, 28, 36], and a creative content creation
community where moderation plays a central role [38, 39, 61, 62,
70, 73, 75]. Among them, how streamers strategically manage their
live performance to engage with their audiences has become a key
research agenda for understanding live streaming as a nuanced
online social space for new interaction mechanisms and identity
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practices [11, 20, 26, 28, 29, 38, 55, 71, 72]. Taken together, previous
research has highlighted several main strategies that live streamers
have used to manage and engage with their online audiences.

First, streamers leverage both selective and authentic on-
line identity practices and self-presentation approaches to
orient how they can establish and sustain streamer-audience
engagement. The practice of selective self-presentation/ perfor-
mance origins from Goffman’s metaphor of theatrical performance
[25]. According to Goffman, self-identity is constructed in a collec-
tive and interactive process within different social settings, meaning
that people are performers who adjust their "front-stage" presenta-
tion primarily based on audience expectations [25]. Therefore, it
is important for performers (i.e., who endeavor to construct their
self-identity) to identify audiences to adjust or customize their
performance. In the context of live streaming, Virtual YouTuber
streaming provides such an example of leveraging selective self-
presentation/performance to engage with their audiences. As these
streamers play as voice and motion actors behind virtual avatars,
they usually perform according to designated personas and content
guidelines bound to the avatars’ settings [14, 41, 64]. In contrast, in
webcam-based live streaming, some streamers tend to prioritize less
audience/performance-oriented but more self-driven and authen-
tic aspect of digital representations due to both the real time and
high-fidelity nature of interactions in live streaming and streamers’
desires to control their own bodies [20]. For example, women and
LGBTQ streamers could intentionally manipulate visual and audio
cues to express their offline identities and resist viewers’ inappro-
priate expectations of their gender and sexuality [20]. As a result,
streamers’ "back-stage" identities (e.g., their private selves) eventu-
ally shift their "front-stage" self-presentations for their streaming
audiences (e.g., their public streaming persona).

Second, built upon their online identities, streamers lever-
age both verbal and non-verbal communication to estab-
lish connections with viewers. On the one hand, due to the
real-time nature of contemporary live streaming, verbal commu-
nication through synchronous text or voice chat serves as a pri-
mary strategy for streamers to engage with their audiences [29].
For instance, streamers can intentionally pace their conversations
with viewers based on digital gifts or donations they receive from
viewers [42, 72, 81]. Streamers can also adapt their chat manage-
ment method based on diverse audience criteria and considerations
[58, 71]. Examples include intentionally balancing general audience
with interacting with a specific viewer, prioritizing certain viewers
or topics, and choosing to engage with a random viewer [58, 71].
This selection process not only reflects streamers’ personal pref-
erences, but also requires recognizing viewer types and tailoring
respective content according to different criteria, including gift-
ing amounts, chat content, and frequency [58]. On the other hand,
streamers also rely on a range of visual system features to engage
with their viewers in varied non-verbal ways. Examples include
using emoticons to quickly express audience emotions [58], leverag-
ing channel-featured gift designs to attract attention and enhance
connections between streamers and viewers who tip [33], and in-
teractive Ul overlays like poll results [11], and donation indicators
[34]. These tools significantly supplement how streamers can con-
nect with viewers by facilitating more immediate and specialized
feedback on their audience’s collective moods and attitudes across
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multi-model channels within or outside the streaming platform
[11, 33, 58].

While these works paint a comprehensive image of streamers’
existing efforts to engage with their viewers, they have also collec-
tively pointed to a significant challenge: contemporary live stream-
ing still lacks ways for streamers and audiences to convey rich
social cues beyond text and visuals on a 2D screen [34, 55]. As on-
line social spaces evolve towards more natural interaction, research
on live streaming has also begun to investigate more nuanced and
immersive methods of fostering streamer-viewer interactions and
audience engagement. Such efforts tend to focus on introducing
physiological interactions to help streamers engage with audiences
beyond verbal or non-verbal communication. For example, Robin-
son et al’s work used viewers’ heart rates to affect the sound, light-
ing, and difficulty of a gaming stream [34, 55]. And Lessel et al’
research demonstrated novel methods that allow viewers to influ-
ence the streamers’ environment (e.g., room lighting) and even
the streamers’ bodies (e.g., vibrations on their forearms) [34]. In
line with this emerging research agenda, our work is motivated
to investigate social VR streaming, an emerging new landscape
that not only technically blends both VR and non-VR spaces but
also facilitates cross-reality social interactions through this unique
intersection.

2.2 Social VR Streaming as an Emerging New
Online Landscape for Cross-Reality Social
Interactions

Existing HCI research has begun to examine emerging social in-
teractions across different realities (e.g., virtual, augmented, and
physical), such as remote classrooms (e.g., mirroring physical class-
room interactions in VR so a remote student can participate in such
interactions [53]), remote expert instructions (e.g., a remote expert
uses VR or AR to guide a local user to perform physical tasks [51]),
and hybrid collaborative workspaces (e.g., users employ VR, AR and
2D interfaces for shared tasks [49, 57, 65]). Taken together, these
works have highlighted several unique aspects of such interactions.
First, cross-reality interactions often require asymmetric collabora-
tive setups (e.g., different displays and interaction modes) between
users in different realities (e.g., users in VR and non-VR working
together) and may also require them to transit between different
realities (e.g., transiting from VR to non-VR, or vice versa) [1]. Sec-
ond, in addition to users who engage in cross-reality interactions,
bystanders (such as other VR users besides the primary VR user) can
be important stakeholders who provide spatial cues and social inter-
actions that directly shape the primary users’ overall cross-reality
experience [1]. However, most existing research on cross-reality
interactions has focused on experimental environments and prede-
termined interaction patterns. For example, in hybrid collaborative
work settings, cross-reality interactions are typically constrained by
specific tasks and facilitated through customized displays and tools
[27, 49, 54, 57, 65]. In contrast, while social VR streaming shares
the asymmetric nature of cross-reality scenarios (i.e., between VR
streamers and non-VR audiences), it features naturally emerging,
complex, and embodied social interactions blending both virtual
and physical worlds and across both 3D spaces and 2D screens. This
thus makes it an especially challenging yet nuanced phenomenon
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to further extend our current understandings of cross-reality social
interactions.

On the one hand, social VR streaming is uniquely built
upon VR-specific embodied engagement. Prior works have
highlighted how social VR provides a unique sense of embodi-
ment (i.e., how we can experience a virtual body representation
as our own body within a virtual environment [63]) in terms of
self-location, agency, and body ownership compared to other con-
ventional online social spaces [3, 16, 18, 19, 37, 79]. First, instead
of relying on traditional input methods like keyboard, mouse, or
joystick, social VR users use partially or fully body tracked avatars
to explore the virtual environment in a more straightforward and
immersive way, which creates a strong sense of self-location and
awareness of co-presence [16]. Second, the wide use of verbal (e.g.,
voice) and non-verbal (e.g., body language) communication modali-
ties in social VR further heightens one’s agency of the virtual body
[44]. Third, since one’s avatar behavior in social VR corresponds
to their body motions in the offline world in real time, it also leads
to a higher awareness of body ownership because social VR users
are not merely "viewing" their activities on screen but engaging in
the virtual space with their physical body [16]. As a result, people
seem to often form a more intimate and stronger bond between
their physical body and their avatars (virtual body) in social VR
than in other online contexts [18, 22]. Built upon such VR-specific
embodied engagement, social VR streamers have to fully engage in
immersive and embodied social VR activities because they are social
VR users per se. This requires them to focus on performing full-body
movements (e.g., dancing in social VR for viewers to watch) and
actively interacting with other users within the social VR space,
who may or may not be aware of their ongoing streaming practices.
Meanwhile, they are also streamers and would need to strategically
share their embodied engagement outside the VR space in real time.

Therefore, on the other hand, compared to traditional stream-
ing, social VR streaming leads to more complex cross-reality
social interactions. Above all, social VR streamers need to man-
age multiple parties across both VR and non-VR spaces. As such,
they must navigate more technical complexities that combine both
existing challenges in traditional live streaming and new difficul-
ties emerging in social VR and cross-reality practices, including
dedicated live streaming software (e.g., OBS), VR technologies (e.g.,
headsets, controllers, physical space preparation, and complex body
tracking hardware), and cross-reality tools (e.g., specialized soft-
ware like OVR Toolkit for accessing non-VR information while
immersed in VR) [56]. Additionally, as they are streaming their
activities for their audiences outside the VR space, they also have
to attentively interact and engage with their viewers on streaming
platforms at the same time. Bridging these two spaces requires
them to simultaneously interact with people both in and out of VR,
leading to complexities of how to seamlessly integrating disparate
VR and non-VR experiences in their streams, such as activities in
the VR space and chat on Twitch. For instance, Wu et al’s analysis
of 34 streaming videos on Twitch has highlighted VR streamers’
common difficulties in establishing emotional connections with
their viewers and maintaining streaming flow. The main reason
is that when streamers wear the VR headset, they cannot directly
control the streaming content or interact with viewers on Twitch
chat [74].
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Inspired by these nuances demonstrated in social VR stream-
ing, we believe that more in-depth research is critically needed
to explore how this new phenomenon has potential to transcend
traditional streaming research in HCI and go beyond conventional
streamer-audience interactions. Yet, only a small body of HCI work
has begun to investigate this open space, such as Wu et al’s work
that only focuses on analyzing streaming videos, not streamers
themselves, and therefore may not reflect VR streamers’ own per-
ceptions and solutions to manage and mitigate such challenges
[74]. In this work, we aim to provide a deeper picture of how this
new form of live streaming may shape future cross-reality social
dynamics blending both virtual and physical worlds by directly
interviewing experienced social VR streamers.

3 Methods

Recruitment and Participants. The university’s Institutional
Review Board (IRB) approved this study for research ethics. We
then recruited participants who have live-streamed themselves
engaging in social VR spaces (e.g., VRChat) in three ways. First, we
directly contacted social VR streamers we already knew from prior
contact and asked about their willingness to participate. Second,
we identified popular social VR streamers on major live streaming
platforms (e.g., Twitch) and invited them to participate. In hopes
of including social VR streamers with diverse experience levels
and popularity, we contacted streamers with various numbers of
followers ranging from less than 1,000 to over 100,000 (see Table
1). Third, we also used a snowball sampling technique to recruit
additional participants.

From October 2023 to July 2024, we interviewed every social
VR streamer who was willing to participate in our study (N=17).
Although our study’s focus on the unique population of social
VR streamers results in a relatively small sample size, our partici-
pants represent a diverse array of streaming experiences, genders,
sexualities, ages, and races. We also believed that data saturation
was achieved with this sample as no new major themes emerged
in our final interviews. Table 1 summarizes participants’ demo-
graphic information of their actual offline identity, and their social
VR streaming experiences. While we collected information about
participants’ sexuality given our interest in the potential role of
self-presentation and identity practices in social VR streaming, we
found that participants’ sexual orientation did not explicitly impact
their current streaming practices. However, we include this data
in this paper to offer further context for understanding social VR
streamers’ embodied identity performance, which serves as one of
their main strategies to bridge immersive VR experiences with their
non-VR audiences (e.g., avatar choices and roleplay behaviors). This
may also inform future research on the intersection between more
nuanced identity practices and social VR streaming. To protect
streamers’ privacy, we did not collect personally identifiable infor-
mation (e.g., offline name) and used the ranges of their numbers of
followers (<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 aim
to reflect our participants’ diverse experience levels and popularity
while maintaining their anonymity. Further, it is important to note
that 15 out of 17 participants also actively streamed other non-VR
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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
i . 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.

content such as video games, art, and 3D modeling. Their rich ex-
periences in streaming both social VR and non-VR content thus
helped us further unpack what makes social VR streaming a unique
context that requires novel strategies to engage with viewers.

Interviews. Before the interviews, we provided all participants
with a consent document per participant preference (e.g., email
or Discord). Upon consent, interviews were then scheduled and
conducted via text or voice chat based on participant preference
(e.g., Discord or Zoom). Interview questions were crafted using
dialogic techniques designed to encourage participants to engage
deeply with their responses [69].

The semi-structured interviews began with introductions, ba-
sic demographic questions, and questions regarding their level of
experience with social VR platforms (e.g., VRChat, RecRoom, and
Horizon Worlds) and live streaming generally. Then, participants
were asked questions about their current practices and strategies
to stream their activities and experiences in social VR spaces, espe-
cially compared to non-VR streaming (e.g., "What are your strategies
or methods for making streaming in social VR appealing to your view-
ers? What would you consider to be the main differences between
streaming in social VR and streaming other types of non-VR con-
tent?"). Next, they were asked how they would interact with their
audiences, moderators, and other people in social VR while stream-
ing. Example interview questions especially related to this study
include: How do you interact with people who watch your social VR
streams? How often do viewers interact with you while streaming?
How, if at all, do you feel that your interaction with people during
your social VR streams is different from your interaction with people
during your non-VR streams? They were also asked to freely reflect
upon any type of social or technical challenges they face when

streaming in social VR spaces (e.g., "What types of technological
challenges have you faced when streaming in social VR, if any? How
about non-technical challenges? And how did you address those chal-
lenges?"). After that, they were encouraged to offer suggestions for
better designing future VR and streaming technologies to address
said challenges to support and innovate social VR streaming prac-
tices. Interviews lasted 64 minutes on average. Participants were
paid with a $20 gift card after they completed the interview.

[

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

Author discussion

Conduct and
transcribe the
interviews

Data Analysis. After the interviews were complete, recordings
were transcribed for data analysis. We then utilized a thematic anal-
ysis approach [6, 7] to conduct an in-depth inductive qualitative
analysis of the collected data, as depicted in Fig. 2. A qualitative ap-
proach is appropriate for this study because qualitative methodolo-
gies are well-suited for investigating questions about "how people
interpret their experiences, how they construct their worlds, and
what meaning they attribute to their experiences" [48]. In partic-
ular, based on McDonald et al’s guidelines for defining reliability
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in qualitative analysis in CSCW and HCI practice, our analytical
procedures focused on eventually yielding concepts and themes (re-
current topics or meanings that represent a phenomena) rather than
agreement [46]. According to McDonald et al, even if coders agreed
on codes, they may interpret the underlying meaning of those codes
differently [46]. Therefore, we did not seek inter-rater reliability in
our analysis but endeavored to identify recurring themes of interest,
detect relationships and connections among them, and formulate
them into clusters of more complex and broader themes [46].

Following Braun and Clarke’s [7] detailed guidelines for the-
matic analysis, we first familiarized ourselves with the data. The
first author closely read through the participants’ transcribed nar-
ratives line by line to take notes and identify information relevant
to this study’s research questions to gain a full picture of what
social VR streamers usually do to engage their audiences outside
VR with immersive experiences within VR. Second, we generated
initial codes. The first author began an iterative coding process by
assigning preliminary codes to identified information. Then, two
authors combined the identified codes, eliminated redundant codes,
addressed disagreements, and ensured that highlighted content
only aligned with a single code. For example, the quote "When my
viewers trigger a certain gift, a steel tube will drop on my head, mak-
ing a very loud sound. I will cover my head with my hands and say
‘ouch.’” was coded as "audience creating tangible objects in VR" and
"more physicalized interactions between streamers and viewers,'
which were then discussed and combined into "physical objects re-
deem for tangible interaction." Third, we searched for themes. These
two authors categorized codes into thematic topics related to our
research questions and developed sub-themes from participants’
descriptions. For example, codes about how various audible, visible
and physical effects audiences can trigger in social VR were dis-
cussed and categorized as the theme of tangible interactions to allow
audiences outside VR to physically shape streamers’ embodied experi-
ences in VR. We then reviewed themes. The two authors continued
to address disagreements and discussed, integrated, and refined
themes and sub-themes to best capture and represent our findings
in relation to the research question. Next, we defined and named
themes. All authors collaborated to refine these themes further and
name the final set of themes [7]. Lastly, we produced the report.
All authors selected the most compelling quotes as examples and
logically drafted the structure of the findings [7].

4 Findings

Using quotes from participants’ own accounts, in this section we ex-
plain four novel strategies that social VR streamers have developed
to engage their audiences outside VR with immersive experiences
within VR by leveraging social VR’s unique interaction settings
and technological features (RQ1). We also highlight these stream-
ers’ own reflections upon the potential limitations of each strategy
that need to be addressed to offer more novel and immersive cross-
reality experiences that further blur the boundary between VR and
non-VR spaces (RQ2). It is important to note that in line with well
established arguments against reporting qualitative data numeri-
cally (e.g., [45]), when reporting our findings, we focused on the
actual themes we identified across the full dataset rather than a
numerical accounting of the frequency of certain codes. The main
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Figure 3: Left: In traditional, non-VR streaming with body-
tracking, streamers must maintain distance from their physi-
cal display to avoid accidental collisions, potentially limiting
their interactions with audiences. Right: In social VR stream-
ing with body-tracking, streamers can move freely while
keeping virtual audience inputs constantly visible, as virtual
displays can be positioned anywhere in the VR space.

reason is that quantifying qualitative findings can be misleading,
as “[nJumbers can lead to the inference (by either the researcher or
the audience) of greater generality for the conclusions than is justi-
fied, by slighting the specific context within which this conclusion
is drawn” [45]. Therefore, rather than attempting to quantify our
qualitative data, Table 2 provides a summary of our key findings to
help capture the overall themes emerging in our data.

4.1 Strategy 1: Actively Tracking Full-Body
Movements and Facial Expressions in Real
Time to Naturally and Intuitively Engage
with Viewers outside VR

Overall, our participants have unanimously identified actively track-
ing full-body movements and facial expressions in real time as the
most crucial strategy for them to engage with their viewers outside
VR for three reasons.

First, body tracking in social VR streaming makes streamers
more accessible to their audiences compared to traditional, non-
VR streaming. Notably, body and face tracking are not exclusive
to social VR streaming. For example, virtual YouTubers have also
used these tracking technologies to control their 2D or 3D virtual
avatars in traditional streaming [14]. In contrast, P13 points out,
"In non-VR (streaming), when you dance or move your body, you
have to keep away from your PC, so you won’t break anything. This
actually means that you cannot read from your viewers when you are
moving. [...] However, VR is completely different. The chat window
can float around and follow you, so you can always read and respond,
even when you are doing acrobatic activities." In this sense, social VR
settings allow streamers to multitask, which means they can remain
highly accessible to their audience displays (e.g., a chat window
on Twitch) even when they have to fully engage in active physical
performances (Figure 3). P14 further emphasizes, "One reason I love
dancing in VR is that I can be more connected to my viewers during my
dance. [...] Unlike in non-VR streaming where I only read chat before
and after my dances, in social VR, I can have a lot more back-and-forth
talk (during my dances). [...] I sometimes even improvise my moves to
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RQ1: What unique strategies have social VR
streamers used to bridge immersive VR experi-
ences with their audiences on streaming platforms
outside VR?

Key Findings

Strategy 1: Actively tracking full-body movements
and facial expressions to naturally and intuitively
engage with audiences outside VR

Strategy 2: Using novel camera control to directly
immerse viewers outside VR in 3D VR experiences

Strategy 3: Leveraging tangible interactions to allow
audiences outside VR to physically shape streamers’
experiences in VR

Strategy 4: Collaboratively roleplaying streamers’ VR
avatars to foster more personalized connections with
their audiences outside VR

- Body tracking in social VR makes streamers more accessible to audiences outside VR.
- Full-body tracking fosters streamers’ more active and physicalized responses to audiences.

- Facial tracking supports streamers’ more nuanced emotional interactions with audiences.

- Creative camera manipulation offers immersive first-person experiences for audiences outside
VR.

- Camera in VR becomes a physical proxy of viewers outside VR and allows streamers to directly
interact with their audiences.

- Viewers can trigger sound effects that streamers can hear in VR space.
- Viewers can create 3D visual effects in streamers’ VR environments.

- Viewers can spawn 3D objects in VR space that physically interact with the streamer’s virtual body.

- Roleplay in VR creates various fictional scenarios and allows streamers to showcase their personality
through various roles.

- Streamers allow viewers to directly control their VR avatars or interact with other social VR users
through their avatars, building a unique streamer-audience co-play.

RQ2: How do social VR streamers perceive the
potential limitations of their strategies?

Key Findings

Limitation 1: Overly persistent and unstable tracking
systems

Limitation 2: Overwhelming and glitchy camera
control

Limitation 3: Excessive and disruptive tangible
interactions

Limitation 4: Challenge to manage interactions both
in and out of VR

- Persistent body and facial tracking may violate streamers’ personal privacy.

- Unstable body and facial tracking may cause viewers’ misinterpretation.

- Camera management in social VR streaming can create extra workload for streamers.

- Manual camera control in social VR can create uncomfortable or interrupted viewing experiences.

- Excessive tangible interactions can lead to chaotic and distracting experiences for streamers,
audiences, and even other social VR users.

- Streamers struggle with simultaneous interactions with both viewers outside VR and other social
users in VR roleplay.

- Social VR roleplay can escalate the risk of unwanted encounters in VR.

Table 2: Summary of key findings
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respond to my viewers." For P14, this enhanced accessibility seems
to facilitate a more continuous connection between her audiences
and herself, which further changes how she would perform and
communicate with her audiences in social VR streaming (e.g., "a lot
more back-and-forth talk"). Therefore, streamers like P14 not only
feel more supported by their viewers in the moment but also are
motivated to make their live performances even more interactive
and creative (e.g., "improvise my moves to respond to my viewers").

Second, full-body tracking in VR enables streamers’ embodied
and physicalized responses to audiences using body language in
real time. For example,

"As opposed to stream non-VR content, I can react more animatedly
with my movements in VR, as I have more hand movements and body
languages instead of just talking." (P1)

"Because people can see and understand a lot of my body move-
ments, I express a lot more with my body. As a result, I can show more
about my expressions or reactions to my viewers." (P8)

As P1 and P8 reveal, for streamers, "instead of just talking," they
can express themselves "more animatedly"” through body-tracking.
This not only enables but encourages them to freely use body
languages to express themselves and engage with their viewers
outside VR. For viewers, these nuanced body languages help them
to "see and understand" streamers without typing questions through
chat. As such, full-body tracking becomes a much faster (e.g., no
need to type) and intuitive (e.g., naturally moving one’s body) way
to facilitate streamer-viewer communications across VR and non-
VR spaces.

Third, participants further emphasize the importance of adding
facial tracking to support nuanced emotional interactions with
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their viewers (Figure 4). P6 explains, "Face tracking adds a whole
new perspective to my VR stream. It makes me look genuine, and
it really helps me to sell real emotions." For participants like P6,
facial tracking allows them to communicate with their audiences
in a way that closely resembles offline, face-to-face interactions,
such as using their avatar face to make "genuine” facial expressions
during ongoing conversations. For them, this is crucial to creating
emotional resonance with audiences outside social VR. P8 then
summarizes, "I felt social VR is a tool-ready and social inclusive
platform, where I can freely show myself and just speak my heart
out. Surprisingly, that resonates with a lot of people, and they have
shown a lot of support for these streams.” In this sense, how social
VR streamers track their body movements and facial expressions in
real-time often makes them "freely show myself and just speak my
heart out,” which further helps them engage with and even befriend
their viewers outside VR.

N

Figure 4: An example of face tracking in social VR stre;ming

Strategy Limitation: Body and Facial Tracking May Violate
Personal Privacy and Cause Misinterpretation. However, our
participants also identify two main limitations of this strategy that
may actually hinder their connections with their audiences: (1)
persistent tracking may violate social VR streamers’ personal privacy;
and (2) inaccurate tracking may lead to their non-VR audiences’
misinterpretations and confusions.

For (1), although streamers’ privacy concerns in live streaming
is not new [39, 75], our participants unanimously argue that the
body tracking system for social VR streaming can lead to much
worse privacy issues compared to non-VR streaming. P9 explains,

"In non-VR live streaming, it is easier to just step away from the
camera or use your PC to control the stream. However, in VR, the
headset and trackers are physically strapped to you. They constantly
record you, until you take them off or use the clumsy remote PC control
in VR

Here, social VR streamers have to physically adjust their tracking
devices that are "strapped” to their bodies. Additionally, to configure
their full-body tracking system, they have to "use the clumsy remote
PC control in VR" rather than directly using the physical PC outside
VR. Therefore, to avoid any downtime in their streams, social VR
streamers often have to keep those trackers on their bodies all the
time, which can potentially broadcast private personal activities
that they do not intend to share. P9 then elaborates on an embar-
rassing moment when a social VR streamer may go to the bathroom
with their tracking and microphone on: "it is easier to forget turning
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off something, and others can know what you’re doing [in the physical
world]. One extreme example could be going to the bathroom." P8 also
specifically attributes this limitation to how social VR streamers are
forced to fully expose themselves without any easy opt-out option
during VR streaming: "Comparing to non-VR streaming, there are
a lot more that people can see and comment on (in VR streaming)
[...] because I'm exposing my whole being, an honest reflection of
my everything-moves, expressions, sounds-everything in my whole
personality. As a result, such persistent tracking can make social
VR streamers feel vulnerable and unsafe, which in turn limits and
harms their connections with their audiences outside VR.

Regarding (2), the non-stop tracking in social VR streaming
also comes with frequent technical instabilities. This makes the
tracking inaccurate and thus confuses streamers’ audiences. Several
participants describe,

"When the tracking is lost, my hip can go flying off into the space,
and my model bends over, which looks like a pretzel." (P11)

"After the tracking lost happens, you have to try to fix it, explain it
and kind of restore the conversation, which can be frustrating." (P2)

In these stories, the unstable tracking occasionally causes stream-
ers’ VR avatars to behave in wrong ways (e.g., "my hip can go flying
off into the space"), which misrepresents and interrupts social VR
streamers’ live performances and body languages. This also leads
to audience misinterpretations because the tracking system fails
to convey the streamer’s actual intention. Furthermore, as P2 ex-
plains, when tracking problems happen, social VR streamers must
stop their ongoing streaming activities, fix the tracking issue, and
explain what happened to their audiences. This not only frustrates
their audiences in the moment but also distracts the streamer from
the natural flow of engaging with their audiences outside VR. Worse
still, when some social VR streamers can detect and fix the tracking
system immediately, others might not be aware of the issue until
too late (e.g., "Sometimes my face tracking breaks and I have no idea
why it happens. It can be even worse, as sometimes I don’t realize it
is happening or has ever happened.” -P10). As a result, inaccurate
tracking in fact can cause more miscommunications and misunder-
standings between social VR streamers and their audiences outside
VR, rather than connecting them together across VR and non-VR
spaces.

4.2 Strategy 2: Using Novel Camera Control to
Directly Immerse Viewers outside VR in 3D
VR Experiences and Atmospheres

Another insight from our study is that participants have creatively
controlled and interacted with the virtual camera in social VR
as a key strategy to directly immerse viewers on 2D streaming
platforms (e.g., Twitch) outside VR in 3D social VR experiences
and atmospheres. Compared to traditional live streaming, social
VR streamers especially highlight how they can move the camera
as if it were the viewer’s own eyes, fostering more interactive and
immersive experiences for both viewers and streamers. P3 and P5
explain,

"I have a lot more freedom in VR than I do out of VR...For example,
I can grab the camera and move around with my audience. I would
say the best word to explain it is that you can be a lot more parasocial
with your chat." (P3)
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Figure 5: An example of a social VR streamer physically
interacting with the camera in VR to create immersive first-
person experiences for viewers.

"Let’s just sit here and chat. Look at the pretty trees. Look at the
pretty moon behind my head." (P5)

As shown in these participants’ accounts, for viewers, this cre-
ative use of virtual camera allows them to directly follow the
streamer’s virtual body in social VR. This thus creates a height-
ened sense of engagement for viewers without forcing themselves
to actually enter a social VR space. For streamers, camera in VR
also becomes a virtual representation of their audiences outside
VR. As shown in P5’s description, she could sit in a VR space with
the camera by her side, which made her feel like siting there with
her viewers outside VR to look at "the pretty trees" and "moon”
in VR together. Through this camera, although the streamer and
their viewers are situated in different spaces (e.g., within VR vs.
outside-VR), they can create shared experiences that transcend the
boundary between VR and non-VR spaces.

Therefore, all of our participants point out that they often phys-
ically interact with the camera during streaming, as if it was the
viewers themselves, such as: "When they’re bullying me, I'll turn
around, slap the camera, and say, ‘No, silence, chat. Be nice’" (P6). P6
also describes "drowning" his audience by humorously putting the
camera underwater (Figure 5). Here, when streamers like P6 talk to
and physically interact with the virtual camera in social VR, they
are in fact talking to and physically interacting with their viewers
outside VR. In P6’s case, by directly turning, slapping and drowning
audiences on 2D streaming platforms via the virtual camera, he
can directly involve viewers in his embodied social VR activities
through an immersive first-person perspective.

Strategy Limitation: Manipulating Camera in Social VR
Creates Extra Workload for Streamers and Can Lead to Un-
comfortable or Interrupted Viewing Experiences. Despite
these novelties, our participants still express several concerns about
manipulating camera in social VR that can negatively impact both
streamers’ and viewers’ experiences.

For streamers, multiple participants report that camera glitches
can occur occasionally during their streams. These issues include
but not limited to: glitchy camera movements, frozen image, and
corrupted image output. P1 describes, "Sometimes moving camera
causes weird things and it (the camera) would lag really far behind

CHI 25, April 26-May 1, 2025, Yokohama, Japan

(my model)." For P1, because the camera cannot follow his hand
movements properly and in real time, it could lead to significant
lags and fail to capture what he actually wants to show to his
audiences. P12 adds another example: "the camera can be completely
frozen. So when it does happen, my viewers may think it is their own
internet lags, because everything freezes." In this case, P12’s stream
image completely froze because their camera stopped working.
This incident not only paused P12’s stream but also confused their
audience. As such, P12 was forced to explain and ask their viewers
to refresh their pages.

Beyond these technical complexities, creatively managing the
virtual camera in social VR streaming can be time-consuming and
demanding. Many streamers point out the severe issue of infor-
mation overload when managing camera in social VR - "a wall of
screens” shown in Figure 6. P7 summarizes,

"Social VR streams definitely require a lot more setup than other
streams. I have to monitor many PC windows even if I am already in
VR - my stream image, my chat window, my Twitch channel window
for viewer redeems, a Discord window for texting, and so on. It is a lot
more management.”

Figure 6: The issue of "a wall of screens" for social VR stream-
ers. Although these virtual screens are not visible to other
social VR users and their audiences outside VR, the streamer
can be visually blocked and mentally overwhelmed by man-
aging many screens simultaneously.

For streamers like P7, to better monitor and manage their camera,
they have to keep several virtual windows within the social VR
space to mirror their PC software. However, they not only need to
pay attention to all these virtual windows simultaneously but also
have to make sophisticated decisions within each of the windows.
For example, in stream monitoring window, social VR streamers
need to check both the original camera image (e.g., camera angle,
image content, and lighting) and other overlaid elements like chat
box, heart rate display, and channel information including audi-
ence statistics. Worse still, sometimes these windows can physically
block streamers’ views, making it even harder for them to stay in
touch with other social VR users while attending to their viewers
(e.g., "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.” -P3). P15 further highlights how separating these
windows still cannot address this problem but introduces new chal-
lenges, "I usually separate my windows such that they don’t cluster
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together and completely block my view. However, this causes my cam-
era and chat not in the same place. [...] So when I am reading the chat,
Iam not looking at the camera.” P15 has to physically turn their body
back and forth to view different windows. This thus significantly
delays their reactions to audiences and makes them physically and
emotionally exhausted from managing too many windows from
different angles all at once.

Regarding viewers, streamers’ creative camera control may
cause uncomfortable or interrupted watching experiences, rather
than engaging them. P11 especially notes the motion sickness issue,

"I must avoid to set my camera when I am moving. For example,
my audiences can feel very uncomfortable if I just dance while also
grabbing my camera."

As previously described, social VR streamers often need to di-
rectly grab or drag the third personcamera (i.e., viewers watch what
the streamer is doing from a third person perspective) to interact
with their audiences. However, if the streamer is managing the
camera when conducting intensive physical activities (dancing in
P11’s case), the captured image can be tremulous and thus make
the viewers feel physically uncomfortable. If the streamer is using
the first person camera (i.e., viewers see what the streamer is seeing
through the streamer’s eyes), this issue may become more severe
because such a camera always aligns with streamers’ head-tracked
movement. As such, the image captured by the first-person cam-
era could be completely jittery, making audiences experience even
worse motion sickness when watching.

P12 echoes this sentiment by adding another fundamental issue
about using the first person camera: "the way your VR headset
works is that you are displaying two separate screens, [...] if you
are streaming through your right eye, viewers might not even see
the things you can see in your left eye." Therefore, when streaming
with the first-person camera, audiences may only see part of the
streamer’s full field of view. In some cases, streamers may refer to
certain objects or activities that their audiences cannot see, which
significantly jeopardizes these streamers’ efforts to fully convey
their immersive social VR experience to viewers outside VR.

4.3 Strategy 3: Leveraging Tangible Interactions
to Allow Audiences outside VR to Physically
Shape Streamers’ Embodied Experiences in
VR

Our participants additionally leverage various interaction tools
beyond traditional text-based chat to allow their audiences outside
VR to trigger sound, visual effects, and physical objects. In
doing so, viewers are able to directly influence and shape streamers’
embodied experiences in social VR in tangible ways.

First, streamers incorporate various sound redeems (a feature
on streaming platforms that allows viewers to trigger sound effects
by spending virtual points) that they can hear in social VR (Figure
7). P8 and P10 describe,

"My viewers can play sounds like applause or congratulations.
Usually, when I say something that really, really moves them, they
tend to play those just to say like, ‘Wow, thank you,” or ‘That really
helped.” (P8)

"I get scared very easily. When I am immersed in a horror-themed
VR world, my audiences use such redeems to make me shriek and
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squeak or run away. They are like naughty friends standing behind
me." (P10)

To both participants, sound redeems allow them to directly hear
from their audiences instead of reading text from them, making
their viewers’ presence and participation in their VR streams more
evident ("like naughty friends standing behind me"). Such sounds
effects also further foreground the significant role of viewers in
shaping the streamer’s VR activities, such as by making P10 "shriek
and squeak or run away."

Figure 7: Examples of tangible audience interactions in social
VR streaming. From left to right: (1) sound redeems, (2) visual
elements redeems, and (3) physical objects redeems.

Second, some interaction tools allow viewers outside VR to create
or modify visual elements on streamers’ virtual avatars or in
their VR environments. For example, P14’s audiences can spawn
emoticons around her VR avatar and thus express themselves in a
more visible way (Figure 7):

"My viewers can spawn as many emoticons as they want. Some-
times their ’likes’ and "hearts’ can get so many and literally flood me.
So I would be like, ‘okay I know you love me so much, please stop’,
which can be hilarious.”

For streamers like P14, visual effects like emoticons allow their
audiences outside VR to be visually co-present with their VR avatars,
leading to a unique sense of social gathering in the VR space. P15
thus compares her social VR streaming to offline "on-the-stage"”
or "in-the-street" performances due to this constant sense of social
gathering with her audiences in the VR space, further strengthening
the emotional bonds between her and her viewers.

Third, some participants have also programmed their avatars
to allow viewers to spawn physical objects in VR space that can
interact with the streamer’s virtual body. For example, P16’s model
allows his audiences to "hit" him in social VR during his stream
(Figure 7):

"When my viewers trigger a certain gift, a steel tube will drop on
my head, making a very loud sound. I will cover my head with my
hands and say ‘ouch.””

Here, P16’s viewers not only transcend the boundary between
the VR and non-VR worlds to physically affect the streamer’s body
(e.g., "a steel tube will drop on my head") but also directly see the
outcome of such impacts in the real time ("making a very loud
sound,” "ouch"). Some streamers go even further to materialize their
interactions with their viewers, such as through a "tangible chat
system" (Figure 8) or haptic vests,
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"The map can process my chat into 3D models in real time. |[...]
Whenever they say something good and interesting, I can turn around,
grab that specific chat and stick it onto my ‘wall of fame’, and when-
ever they say something naughty, I can use that chat as a towel and
then throw it into a trash bin." (P17)

"When my audience trigger that gift, it not only creates a ‘hug’
emoticon, but can trigger a vibration on my haptic vest, like I am
being hugged in real world." (P15)

Both participants use even more novel methods to physically
interact with their viewers outside VR. P17 created his own "tangible
chat system" in a self-made social VR map, which materializes
audiences’ chats into 3D text models floating behind his model. In
doing so, he is able to create dramatic performances that physically
involve audience messages, as if he was standing, speaking, and
performing on a physical stage. P15 often wears haptic vests during
her streams. This allows her audience to actually "touch"and "hug"
her. In both ways, these streamers’ engagement with their viewers
goes far beyond just on-screen text chat but actually simulates
face-to-face, physical interactions.

Well said

Figure 8: An example of the "tangible chat" system used in so-
cial VR streaming. From left to right: in social VR, a streamer
can (1) grab an audience message from the live chat generator,
(2) throw a "bad" chat into a trash bin, (3) post a "good" chat
on the wall, and (4) creatively perform using tangible chat
objects generated by audiences.

Strategy Limitation: Excessive Tangible Interactions Can
Lead to Chaotic and Distracting Experiences for Streamers,
Audiences, and Even Other Social VR Users. Yet, streamers also
acknowledge that excessive tangible interactions can lead to chaotic
and distracting experiences to streamers themselves, their viewers,
and even other users in social VR. Above all, it is challenging for
streamers themselves to focus on their planned activities in so-
cial VR when excessive sound, visual effects, and physical objects
redeems generated by their viewers are happening around them.
P14 and P16 share their frustration,

"When viewers throw objects to my body, the model will make an
‘ouch’ face, no matter if I am in the middle of smiling or crying. [...]
Also, my model will fall to the ground if it gets too many hits within
a certain period of time, like becoming a ‘rag doll’" (P14)

"One day, a viewer paid for 1000 sound redeems and my stream get
completely doomed. Basically I couldn’t speak for like 15 minutes."
(P16)
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In P14’s case, too many tangible interactions from her viewers
(e.g., "hits") can overwrite her ongoing body-tracking and face-
tracking. For P16, even just one viewer can overuse the redeem sys-
tem and take over his whole stream for a period of time. Therefore,
social VR streamers often have to balance the significant benefits of
creative tangible interactions for engaging with their viewers and
the urgent need for setting up a delicate limit of the appropriate
amount of tangible interactions allowed in their stream. Otherwise
their live streaming might be physically distracted or even forced
to stop.

Likewise, it is equally challenging for viewers to fully engage in
the ongoing social VR stream if other viewers are making surprising
sounds or excessive tangible interactions at the same time. P13 and
P14 share their experiences,

"Usually when I tell a joke, people laugh after you finish it. So
if someone just laugh in the middle, it actually makes the joke less
funny." (P13)

"I'was really hoping to show that moment, but it was just so unlucky
that the flooding ’heart’ emoticon completely covered my body. [...]
Even though it was by a good intention, it actually hurt my stream,
because you just cannot make it up when the climax moments was
gone." (P14)

For these participants, audiences’ sound redeems can spoil the
emotional build-up or block the key moment of their streams, deflat-
ing the engagement of all other viewers. As a result, these tangible
interactions can create overwhelming distractions that prevent
viewers from paying attention to the streamer and the stream per
se, rather than helping the streamer engage with their viewers.

These excessive tangible interactions may even negatively affect
other social VR users. Most participants do not make their sound
redeems audible to other users in the social VR space with them,
who may or may not be aware of their streaming practices. How-
ever, the visual and tangible objects are usually visible to anyone
around the streamers in the VR space. Therefore, when streamers’
audiences trigger too many visual or tangible effects, other social
VR users can also be visually disturbed, for example:

" felt it getting out of control too often, and others can barely see
me because I would be fully in fire." (P11)

"When there are too many chats floating behind, it becomes es-
pecially lag if you still keep them visible to everyone else in VR."
(P17)

Here, we see how P11 was unable to engage with other social
VR users surrounding him because his viewers triggered too much
"fire" effect on his avatar. As such, he could not maintain a stable
and visible virtual appearance that was essential for other social
VR users to recognize and interact with him. P17 further points out
when excessive redeems happen, everyone in the social VR map
could experience image lag, and some of them even face system
crash or shutdown. Therefore, while these tangible effects provide
unprecedented opportunities to connect streamers with their view-
ers in a more physical way, they pose extra burden upon the entire
social VR ecosystem if not managed appropriately.
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4.4 Strategy 4: Collaboratively Roleplaying
Streamers’ VR Avatars to Foster More
Personalized Connections with Their
Audiences outside VR

Lastly, social VR streamers highlight collaboratively roleplaying
their VR avatars with their viewers as another key strategy to
foster more personalized connections with their audiences outside
VR. Indeed, due to the "social" nature of social VR, streamers are
usually not alone in these VR spaces when they are streaming.
Therefore, instead of talking in their everyday tone, streamers may
intentionally join or create roleplay conversations to interact
with other social VR users in fictional "roles" for viewers to watch
and comment on. P17 explains,

"It would be boring to watch if you keep talking in a daily ‘how
are you’ style. [...] We usually do shouting out sale events in VR. So
other players [in social VR] will play as the shop assistants, and we
sale everything around us [in VR environment] to viewers. [...] The
funny part is that, because my model is a special one, and I can take
my body part off, so sometimes I sell my head to my viewers."

In this example, P17 "roleplayed" a shopkeeper in his stream
with other social VR users "as the shop assistants.” In doing so, he
went beyond just "a daily ‘how are you’ style” but created unique,
entertaining moments for his viewers to watch, such as selling his
own head. This strategy thus makes his stream content more dra-
matic and appealing, which bridges the in-VR activities with outside
VR audience engagement in more context-specific and memorable
ways (e.g.. viewers can bid on P17’s head through tangible chat).

P2 shares a similar example,

"If I am in the hotel reception desk, people will walk over as hotel
guests and try to make funny moments, like they want to bring an
alligator, who is also a VR player. [...] ' would wait a bit for my viewers,
because they sometimes do funny replies. So in this example, they said
things like, first of all, which one of you is the pet?’"

By playing a hotel receptionist who frequently interacts with
other social VR users as hotel guests, P2 effectively encourages
her viewers outside VR to also actively engage in this roleplay in
VR. As highlighted in P2’s account, her audiences would not only
just watch her roleplay but also give her suggestions about how
to respond to other social VR users in this "play," as if they were
facing the same problem solving scenario.

Additionally, some streamers allow their viewers to directly
control their VR avatars or even interact with other social
VR users through their avatars as part of the streamer-audience
co-play. P9, for instance, created an avatar with a secondary "spirit"
entity floating around her head. She also set up a system allowing
her Twitch chat to control the spirit’s actions and emotions through
commands:

"Every so often they’ll let me know, ‘Hey, we’d like to be able to
express this emotion or this expression. Do you think you could add
one?” I'll try my best to add it as quickly as I can. [...] I think the
viewers are participating in building the characters, because it makes
the character more complete in some sense. [...] Other people in social
VR are aware of this spirit and will talk to them. [...] They can also
see my viewers’ mood, like ‘who is so happy?”"

In P9’s case, she let her viewers to co-design avatars and models
that can best convey viewers’ own "emotion” and "expression." In
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doing so, her audiences not only co-present with her in the VR
space but also co-roleplay to directly interact with other users in
VR through her avatar body. As a result, her viewers are not merely
audiences but can build intimate and personalized connections with
her to make the VR streaming experience "more complete.”

Taken together, although roleplay typically involves imaginary
roles and scenarios in social VR, it allows social VR streamers’
viewers to know them "on a more realistic level":

"Whenever I'm doing normal activities, people are just watching
me doing normal reactions and funny jokes. But whenever I do VR
roleplay in fantasy worlds, I feel like my audience gets to know me on
a more realistic level. [...] They enjoy watching me get scared, because
they see my real reactions. I think it’s a way for them to be closer to
me, to "hang out,’ than it would be to be like if I was just playing a
video game alone [...] I feel like it’s a value to them, because they can
see [...] a little more authentically me." (P7)

For participants like P7, roleplaying in social VR seems to help
them showcase how they would typically interact with other social
VR users in various social scenarios to their viewers ("they see
my real reactions"). These streamers believe that roleplaying can
provide their viewers with nuanced opportunities to gain more in-
depth understandings of their personalities and behavioral patterns
(e.g., "a little more authentically me") , which their viewers would
not have had access to in other contexts (e.g., when the streamer
"was just playing a video game alone”).

Strategy Limitation: Challenges to Simultaneously Man-
age Interactions with Both Viewers and Other Social VR Users
and Risks of Unwanted Encounters. However, participants also
collectively share their concerns about how collaborative roleplay
may create new difficulties for them to manage interactions with
both viewers and other social VR users all at the same time. Several
participants explain,

"When I'm roleplaying, I can’t really interact with my chat that
much because I'm in a role and obviously should have conversation
with other roles. I can’t take breaks, like muting my VR voice and
talking to the chat, because it would not align with my role in that
play” (P2)

"So obviously other people cannot see my viewers when I talk to
them, except you have some super advanced model or map. It is also
true that my viewers cannot see some out-of-screen players when I
am talking to them. So this makes my stream a bit difficult, because
there are too many one-sided mirrors." (P16)

For P2, her roleplay requires her to fully immerse in her role,
meaning that she has to focus on interacting with other social VR
users by playing this role. As such, to deliver a believable "roleplay"
performance, P2 would not be able to interact with her viewers
outside VR without breaking the flow of her roleplay performance.
P16’s account further points out that social VR streamers often have
to attend to both other users in social VR and audiences outside VR.
Therefore, they have to frequently switch between multiple ongoing
conversations with both people in and out of VR. This can become
a quite confusing experience for everyone: other social VR users
may see P16 strangely "talking to the air," while his viewers outside
VR may not understand what P16 is referring to, as the camera may
not be able to capture multiple social VR users interacting with the
streamer at once.
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Streamers are also worried about their personal safety because
collaborative roleplay may increase their risks of encountering
strangers in social VR, leading to potentially negative or harmful
experiences. P4 and P16 both warn,

"In public room or roleplay, there may still be some harassment
stuff come your way... You can block them out using the provide the
tools within VRChat, but it still becomes one of the reasons that many
streamers just don’t play with any strangers." (P4)

"No matter who is speaking, my hand is always on the ‘mute’
button. You generally don’t know who is gonna say something that
can immediately turn your stream over. [...] It definitely divides my
attention and can stress me very badly." (P16)

While streamers like P4 and P16 appreciate how they can build
more intimate and personalized connections with their viewers
through collaborative roleplay, they feel that it inevitably increases
the chance for them to encounter potential harassers. Indeed, role-
play usually requires multiple social VR users to collectively "per-
form" their assigned roles. This means that the streamer cannot
deliver a satisfactory roleplay experience for their viewers with-
out involving other social VR users - online strangers who may or
may not be harassers. As a result, to avoid possible harms from
unknown online strangers, some streamers like P16 usually only
roleplay with friends or have to avoid roleplay altogether.

5 Discussion

In answering our research questions, Table 2 summarizes our key
findings. In this section, we first discuss how our findings transcend
traditional streaming research in HCI by going beyond conventional
2D streamer-audience interactions, particularly through embodied
and physicalized engagement strategies unique to VR settings and
nuanced cross-reality interactions (5.1). In section 5.2, we offer our
critical reflections on multiple conflicts and dilemmas emerging in
social VR streamers’ endeavors. Grounded in these understandings,
we then propose potential directions to inform the design of future
social VR and streaming platforms to better support more compli-
cated cross-reality social dynamics across VR and non-VR spaces
while mitigating potential challenges and limitations.

5.1 Transcending Traditional 2D Streaming
Through Embodied and Physicalized
Engagement and Cross-Reality Interactions

Prior works have begun to explore how we can enhance more nu-
anced and immersive streamer-viewer interactions beyond just ver-
bal or non-verbal communications on a 2D screen [11, 33, 34, 58, 71],
such as through manifesting external objects (e.g., manipulating
a streamer’s room lighting) [34, 55]. Built upon these prior works,
our study has highlighted social VR streaming as a new lens to
transcend traditional 2D streaming experiences by facilitating di-
rect physicalized and embodied engagement and cross-reality in-
teractions between streamers and viewers. Indeed, compared to
traditional 2D live streaming, our findings further emphasize
the uniqueness of social VR in recreating more face-to-face social
interactions between VR streamers and their non-VR audiences,
making it feel like they were physically interacting with each other
in the offline world [17, 18, 43, 59, 66]. Additionally, compared to
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existing research on cross-reality interactions that mainly high-
lights the role of asymmetric collaborative setups and bystander
engagement in bridging communication across various realities
[27, 49, 51, 53, 54, 57, 65], our findings reveal how social VR stream-
ers leverage even more creative and complex strategies (e.g., more
physicalized and tangible interactions) to facilitate more intuitive
streamer-audience interaction across different realities (e.g., VR and
non-VR).

Specifically, we unpack three new mechanisms demonstrated
in social VR streaming, which offer novel insights into expanding
existing literature on both cross-reality interactions and integrating
VR and 2D audience experiences. These mechanisms include: (1)
building a sense of physical co-presence with viewers through
embodiment and free style camera work; (2) planing and enabling
viewers’ tangible involvement in VR to facilitate more physicalized
cross-reality interactions; and (3) expressing a more genuine self
by leveraging social VR’s uniqueness to engage audiences more
effectively than in traditional 2D streaming contexts.

(1) Building a sense of physical co-presence with view-
ers through embodiment and free style camera work. First,
our study highlights how social VR streamers creatively solve the
physical divide between streamers and viewers in traditional 2D
streaming by acting as a more embodied actor and a free style cam-
eraman to create a sense of physical co-presence with their viewers.
Compared to traditional 2D streaming (e.g., through a desktop PC),
social VR streamers can place all displays in the VR space sur-
rounding their virtual body. Along with active full-body and facial
tracking in real time, they can then freely move around and use their
body languages and facial expressions to both perform nuanced ac-
tivities in social VR and interact with their audiences outside VR in
a more natural and realistic way [17, 18, 43, 59, 66]. Therefore, they
become a "more animated" and embodied actor than in traditional
streaming. This helps them further elevate additional non-verbal
social cues to make their viewers feel that they were interacting
with the streamer in a way alike face-to-face communications.

Additionally, in traditional 2D streaming, the physical web cam-
era is usually placed or wired in a fixed position (e.g., on the top
of the desktop). As such, streamers’ control over the camera is
usually limited to only manipulating the camera image (e.g., the
relative size of the image) rather than the camera itself [29]. In
contrast, streamers in social VR can freely move and physically
interact with their virtual camera at any positions, making them
a free-style cameraman. This practice enables close-up views on
streamers’ verbal and non-verbal expressions (e.g., bringing the
camera to their faces). It also turns the streaming camera from a
static and fixed device into a dynamic and cinematic first person
viewpoint. In doing so, viewers outside VR can immersively engage
in the streamer’s activities in VR (e.g., sitting beside the streamer)
or experience the streamer’s reactions to audience in a realistic way
(e.g., being slapped or drowned by the streamer). Taken together,
compared to traditional streaming, this combination thus fosters a
sense of physical co-presence by simulating how audiences in 2D,
non-VR spaces (i.e., live streaming platforms on the screen) can (a)
see what the streamer is seeing within 3D immersive VR spaces in
real time and (b) directly interact with the streamer as if they were
in the same physical space.
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(2) Planning and enabling viewers’ tangible involvement in
VR to facilitate more physicalized cross-reality interactions.
Another insight from our study is that compared to traditional
2D live streaming, social VR streamers make extra efforts to plan
and enable their non-VR viewers’ tangible impacts and agency
that shape both streamers’ personal (e.g., how they explore and
experience social VR by themselves) and social (e.g., how they in-
teract with other people in social VR) experiences in VR, leading to
more physicalized cross-reality outcomes. Existing research on live
streaming has pointed out that the sense of "being seen” or "being
heard" by streamers [11, 58] and other audiences [33, 42, 81] is cru-
cial for viewers to both confirming the streamer’s attention to them
and sustaining their own continuous engagement in the stream.
Our study reveals that social VR streamers significantly elevate this
concept by innovating how their viewers can be seen and heard
in more physical ways beyond the visuals on the screen, such as
through transforming visual elements on 2D screens (e.g., emoti-
cons and polls) into 3D tangible objects in VR (e.g., 3D emoticons).
Such tangible impacts are visible to not only all viewers outside
VR but also other users in social VR, which not only facilitates
physicalized cross-reality interactions between VR streamers and
non-VR viewers but also further heightens viewers’ sense of social
engagement and participation in the VR space.

Indeed, social VR streamers tend to invite their viewers to physi-
cally influence their VR activities (e.g., interacting with other social
VR users through the streamer’s avatar) and their virtual body
(e.g., co-designing the streamer’s avatar with the streamer or hit
the streamer’s avatar with a steel cube) by combining 3D effects
with tangible outcomes. They also go even further to magnify the
physical outcome of these cross-reality interactions on their VR
experiences (e.g., shouting "ouch" and grabbing audiences’ chat as
a physical object). This additional layer thus strengthens viewers’
sense that they can participate in cross-reality interactions and im-
pact the streamer in a different reality (e.g., in VR) not only verbally
or non-verbally but also physically and socially.

Taken together, while social VR streaming shares certain charac-
teristics with previous cross-reality research, such as asymmetric
displays and interaction tools for effective cross-reality communica-
tion [27, 49, 54, 57, 65] and bystanders’ participation in cross-reality
interactions [1], it further emphasizes the intuitive and tangible
outcomes of such cross-reality interactions, which facilitates a more
natural and engaging experience for both streamers in VR and view-
ers on 2D streaming platforms. In this sense, social VR streaming
seems to demonstrate more nuanced and complicated cross-reality
social dynamics than those previously studied task-oriented settings
in existing literature on cross-reality interactions [27, 49, 54, 57, 65].

(3) Expressing a more genuine self by leveraging social
VR’s uniqueness to engage audiences more effectively than
in traditional 2D streaming contexts. Previous research on tra-
ditional live streaming has highlighted how streamers can craft
their online identities either through selective performance based
on Goffman’s metaphor of theatrical performance [25] (e.g., Virtual
YouTubers adhering to character personas [14, 41, 64]) or authentic
self-presentation (e.g., webcam-based streamers emphasizing their
offline identities [20]). However, our study adds new insights into
how social VR’s unique focus on embodied self-presentation and
immersive roleplay experiences introduces nuanced possibilities
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for streamers to express a more genuine self to engage audiences
more effectively than in traditional 2D streaming contexts.

First, as social VR users often feel higher ownership or identifica-
tion with their virtual bodies and selves [3, 16, 18, 19, 22, 37, 68, 76,
78, 79], social VR streamers are motivated to demonstrate a more
realistic image of themselves to their viewers. This practice thus
significantly differs from both Virtual YouTuber streamers’ inten-
tion to selectively present themselves imposed by pre-programmed
virtual avatars [14, 64] and certain webcam-based streamers’ (e.g.,
LGBTQ or women streamers) struggles with manipulating web-
cams and microphones to authentically present themselves [20].
As our findings show, social VR streamers often compare their VR
streaming experiences to offline "on-the-stage" or "in-the-street" sce-
narios. Therefore, unlike traditional 2D streaming where webcams
or programmed 2D avatars significantly frame or even limit the
streamers’ freedom and scope of performances, social VR provides
streamers with a much more open virtual stage to move their virtual
bodies and express themselves freely.

Second, social VR enables more context-rich, immersive interac-
tions beyond typical 2D streamer-audience dynamics. In social VR,
streamers can freely engage in uniquely simulated, "roleplay” activ-
ities with other social VR users to craft more immersive content for
their viewers to watch. While they are performing fictional "roles,’
their key strategy to engage with viewers is to still intricately ex-
press their offline personalities and behavioral patterns to provide
viewers with "real” and "more authentic" reactions through their
embodied interactions with other social VR users. Such roleplay
offers viewers a more comprehensive image about how a streamer
would behave and interact with others in mundane, daily social sce-
narios. It also allows social VR streamers to particularly highlight
key aspects of their personalities (e.g., problem solving skills or
being humorous and easy-going) to their viewers through creative
activities.

In summary, through social VR’s unique support for steamers’
embodied self-presentation and immersive roleplay experiences,
social VR streaming seems to further break down the usual bar-
rier between “front-stage" (public presentations) and "back-stage”
(private, authentic selves) [24] in traditional live streaming due to
2D technical constraints (e.g., limitations of a 2D flat screen). In
social VR streaming, each roleplay scenario and spontaneous reac-
tion allows audiences to glimpse a rich portrait of the streamer’s
authentic self in a more immersive and realistic way. This natural
accumulation of genuine interactive moments thus continues to
foster deeper and more personal bonds between streamers and
audiences compared to traditional 2D streaming.

5.2 Designing for Supporting Social VR
Streamers’ Endeavors to Transcend
Traditional Live Streaming While Mitigating
Emerging Conflicts and Dilemmas

Despite these nuances, our findings have also identified several

critical limitations in social VR streamers’ innovative endeavors to

bridge immersive VR experiences with viewers outside VR, which
may cause disruptive experiences for not only streamers and view-
ers but also other social VR users. Indeed, a small body of existing
research has acknowledged VR streamers’ multi-faceted challenges
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to both engage in VR spaces and interact with viewers on non-VR
platforms (e.g., Twitch) by studying recorded videos of VR stream-
ing as second hand evidence [74]. Based on social VR streamers’
first-hand experiences, we further expand these understandings by
critically reflecting upon emerging conflicts and dilemmas social
VR streamers are facing, particularly around difficulties to balance
between VR’s immersive experiences and excessive personal bur-
den for streaming (Reflection 1), ethical and safety concerns sur-
rounding tracking technologies in social VR streaming (Reflection
2), and technical limitations of real-time cross-reality interaction
management across VR and non-VR platforms (Reflection 3). For
each reflection, we also propose several high-level principles aimed
at facilitating social VR streamers’ endeavors to transcend tradi-
tional live streaming while mitigating these potential conflicts and
dilemmas.

5.2.1 Reflection 1: Designing for Mitigating Difficulties to Balance
Between Streamers’ Endeavors to Deliver Immersive Body Perfor-
mance in VR and Their Excessive Personal Burden. In our study, all
of our participants acknowledge the inherent conflict between their
creative strategies to deliver immersive body performance and the
excessive personal burden they have to suffer as a result. Indeed, to
fully engage their audiences outside VR, social VR streamers must
smoothly leverage and switch between multiple advanced technical
features and tools (e.g., camera control, body tracking, multiple
virtual displays, and managing tangible interactions). As these tech-
niques typically require manual control through hand-tracked VR
manipulation (e.g., grabbing cameras and dragging tangible chat
elements), learning how to use and better manage these systems
in real time (e.g., during an ongoing stream) can lead to excessive
personal burden on the streamer, including considerable physical
and mental challenges. Worse still, these systems are also often
unstable (e.g., lost tracking and lagging camera), causing additional
pressure in streamers’ already stressful situation.

Therefore, to ease streamers’ personal burden in delivering im-
mersive body performance in VR, we propose two design directions.
First, while social VR streamers have leveraged multiple advanced
technical features and tools, manually manipulating the virtual
camera seems to require most of their attention and labor during
streams. Therefore, we advocate for improving the VR camera
system with easier control that does not require excessive
manual manipulation. For example, adding more built-in camera
features can make advanced cinematographic effects (e.g., montage
effect by quickly switching camera positions) more accessible to
streamers, rather than requiring them to manually build such effects
on multiple displays during their stream. It is equally important to
provide streamers with more one-click handles to these solutions.
In doing so, streamers can be more flexible and efficient in camera
controls in real time, which would facilitate a better flow in their
ongoing performances in VR.

Second, we recommend implementing several robust error
mitigation mechanisms to help social VR streamers maintain
the continuity of their stream even when technical issues
arise. For example, when tracking glitches happen, an automatic
avatar control mechanism can be triggered to help the streamer
maintain a stable presence in social VR until their tracking system
is restored. Meanwhile, an automatic notification mechanism can
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be activated to alert the streamer of the technical issues without
disrupting the viewer experience. This timely awareness of sudden
technical issues during live streaming can prevent the social VR
streamer from overlooking glitches and causing more confusions
among their viewers. Lastly, it would also be valuable to implement
a quick "reset" solution to help social VR streamers immediately
refresh their multiple streaming settings when such technical issues
happen. This one-click solution would not only minimize potential
"downtime" during social VR streams but also relieve the streamer
from significant personal labor and stress of trying to restart their
individual systems to fix technical issues.

5.2.2  Reflection 2: Designing for Mitigating Ethical and Safety Con-
cerns Surrounding Tracking Technologies in Social VR Streaming.
Our study also highlights another important dilemma embedded
in social VR streamers’ strategies: to fully engage their viewers
outside VR, streamers often need to compromise their own online
safety to a certain degree. First, as shown in our findings, social VR
streamers’ privacy can potentially be infringed by full-body and
facial tracking systems (e.g., capturing and broadcasting stream-
ers’ intimate personal activities such as going to the bathroom). In
addition to these immediate privacy risks, VR tracking technolo-
gies may also lead to long-term privacy issues. For example, recent
research has shown that body tracking data in VR can be used as
distinctive biometric identifiers to identify individuals in the of-
fline world, leading to more severe privacy breaches beyond merely
streaming moments in VR [50]. This thus further demonstrates
more heightened tensions between immersion and privacy in social
VR streaming compared to traditional streaming. While traditional
live streamers face similar tensions between authentic, appealing
self-presentation and protecting identifiable personal information
(e.g., physical features, appearance, and voice) [39, 75], they have
access to various coping strategies such as applying camera filters,
managing visual elements, and pausing streams when needed [75].
In contrast, social VR streamers face more complicated privacy
risks due to the compulsive nature of VR equipment (e.g., headset
and trackers bonded to physical body) and the lack of easy privacy
controls in VR environments (e.g., no easy on/off option for body-
tracking). This makes traditional privacy management strategies for
streamers less effective or even impossible in social VR streaming
contexts. Second, while social VR already presents more intense
forms of harassment than traditional online communities because
of its embodied and immersive nature [59, 60, 80], streamers may
become even more vulnerable as they need to regularly interact
with a larger number of online strangers in social VR (e.g., doing
roleplays for viewers to watch). Their public-facing identities due
to their streaming practices can inherently make them even more
obvious targets for intended harassment, which leads to profound
ethical concerns about how to better protect streamers to avoid
potential exploitation of them in the social VR streaming context.

To mitigate these ethical and safety concerns surrounding track-
ing technologies while still allowing streamers to stream rich so-
cial activities in social VR, we first recommend implementing
more granular options for flexible tracking. This would allow
streamers to clearly configure personal boundaries between pub-
lic, streamable and private personal activities during their streams,
which could include new features to temporarily disable leg or
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hand tracking without taking off the tracking devices. In addition,
to avoid leaking identifiable personal information and causing long-
term privacy issues, the tracking system can include obfuscation
features to limit the fidelity of body movements being tracked and
broadcasted while preserving essential motions for streaming. For
example, social VR streamers should be able to customize the leg
or arm motion ranges on their virtual avatars to prevent revealing
their offline identity through overly precise body or facial tracking.

We then advocate for designing more streamer-oriented
safety tools in social VR to better protect streamers with
high visibility to public. Indeed, prior works on harassment in
social VR have explored both platform specific safety tools (e.g.,
muting, blocking, and personal space bubbles) [4, 5, 21, 59] and
personal strategies (e.g., avoiding head-on confrontation) [59] to
mitigate growing harassment risks in social VR. While social VR
streamers still can leverage these existing safety features to protect
themselves, their unique public-facing roles require more nuanced
protections due to various ethical concerns compared to normal
social VR users. For example, they need to protect themselves from
potential harassers in social VR without limiting their capability
to engage with diverse social VR users to create novel content.
Therefore, a potential new safety feature for streamers would be
the ability to set up a protective "streaming zone" in social VR.
In such a "zone," streamers will be able to quickly configure and
grant various permissions to other social VR users who wish to
participate in the stream and be heard and seen by viewers. We
also emphasize that setting up such a "streaming zone" should not
interfere with other social VR users’ own experiences. For example,
other social VR users should also be able to choose whether they
want to see and interact with the streaming content in the zone
and then accept or decline the streamer’s invitation to participate.
Additionally, once other social VR users begin participating in the
stream, it is equally important for streamers to ensure that the
streaming content remains safe for their viewers to watch. In this
sense, a promising approach can be leveraging multi-camera system
that can swiftly switch viewpoints to dis-focus on sudden and unex-
pected incidents. As such, streamers would be able to immediately
withdraw themselves and their viewers from seeing any ongoing
uncomfortable situations in their streams.

5.2.3  Reflection 3: Designing for Mitigating Technical Limitations
of Real-Time Cross-Reality Interaction Management across VR and
Non-VR Platforms. Lastly, our study highlights a fundamental para-
dox social VR streamers are struggling with - the dual role as both
a regular user in social VR and a streamer. Indeed, in social VR
streaming, the streamer is essentially a user in the social VR space.
This means that they will need to interact with other users in VR to
be part of the social VR community. However, they are also stream-
ers who need to pay attention to their viewers outside VR to be
part of the streaming community. This dual role (i.e., part of both
the VR community and the streaming community) often leads to
technical limitations of real-time cross-reality interaction manage-
ment across VR and non-VR platforms. As a result, streamers either
have to ignore viewers while engaging with other social VR users,
or appear to "talk to the air" while interacting with other users.
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Therefore, to help mitigate these technical limitations, we recom-
mend facilitating more cohesive interactions between stream-
ers, other social VR users, and viewers outside VR through
cross-reality, hybrid collaborations. Prior works have specif-
ically highlighted how asymmetric collaboration between users
in different realities requires specialized tools and careful con-
sideration of each reality’s context in each step of their works
[27, 49, 57, 65]. However, in social VR streaming, this asymmetry
is further complicated as streamers need to maintain continuous
interactions in and out of VR for smooth watching experiences.
To address this, social VR platforms should establish interaction
paradigms that seamlessly incorporate non-VR data into the vir-
tual space. For instance, viewers’ interactions from traditional live
streaming platforms (e.g., Twitch chat flowers) can be automatically
translated into interactive 3D objects (e.g., holdable VR bouquets)
that both streamers and other VR users can naturally engage with.
This system can be further refined through customizable controls
that allow streamers to manage these interactions effectively, such
as setting temporal limits (e.g., 10 bouquets per 30 minutes) and
controlling visibility to specific users. In this sense, all parties in
social VR streaming can maintain easier awareness of each other
instead of requiring streamers’ continuous efforts (e.g., regularly
bringing up the chat window and read chat to other social VR users).
As social VR users can see and interact with viewers outside VR,
and viewers can witness how their participation is demonstrated
in the VR space physically, social VR streaming can foster a more
seamless sense of co-presence across realities and enhances the
overall streaming experience for all participants in and outside VR.

5.3 Limitations

Our study has several limitations. First, although our participants
represent a highly diverse sample of social VR streamers regarding
ethnicity, gender, and sexuality, they mainly focused on one pop-
ular social VR platform (e.g., VRChat) and mainstream streaming
services (e.g., Twitch, YouTube, and Bilibili in China). It is important
for our future work to recruit participants who use other social VR
and streaming platforms to paint a more comprehensive image of
social VR streamers’ additional strategies and challenges in bridg-
ing VR and non-VR experiences. Second, although 17 participants
for a qualitative study focused on a unique population (i.e., social
VR streamers) can be considered healthy and exceeds the typical
interview sample size for CHI of 12 [8], most of our participants
stream for small to medium sized channels (1,000 to 50,000 follow-
ers) and show variations of social VR streaming experiences from
3 months to 5 years. Future work may benefit from including a
larger sample of streamers with more diverse levels of popularity
and experiences and those working across different contexts (e.g.,
performance art, educational content, and cross-platform stream-
ing). This would mitigate potential biases in participant responses
stemming from this specific sample and help us better understand
what strategies and nuanced practices might contribute to these
streamers’ various degrees of success in bridging VR and non-VR
experiences. Third, by directly interviewing streamers, our study
provides valuable insights into how social VR streamers approach
their streaming practices and perceive the impacts on their view-
ers. However, future research could benefit from interviewing or
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surveying viewers of social VR streaming to further verify these
findings by understanding viewers’ own perspectives.

6 Conclusion

Social VR platforms has dramatically transformed online social in-
teractions by offering unprecedented embodied and immersive ex-
periences. In this paper, we move beyond just understanding these
interactions within social VR spaces but focus on how they can be
extended beyond VR-only spaces to create novel cross-reality inter-
actions blending both virtual and physical worlds, such as through
social VR streaming. Our study has revealed how social VR stream-
ers creatively leverage four key strategies to transcend traditional
streamer-viewer interactions by bridging their immersive VR expe-
rience with their audiences on 2D streaming platforms outside VR.
These strategies include actively tracking full-body movements and
facial expressions to naturally and intuitively engage with audiences
outside VR, using novel camera control to directly immerse viewers
outside VR in 3D VR experiences, leveraging tangible interactions to
allow audiences outside VR to physically shape streamers’ experiences
in VR, and collaboratively roleplaying streamers’ VR avatars to foster
more personalized connections with their audiences outside VR. We
have also highlighted multiple conflicts and dilemmas emerging in
social VR streamers’ such endeavors and proposed design implica-
tions for future social VR and streaming platforms to better address
these identified risks, including: (1) balancing between streamers’
endeavors to deliver immersive body performance and their bur-
den by specialized VR camera controls and tracking error recovery
mechanics, (2) mitigating ethical and safety concerns surrounding
tracking technologies by granular privacy controls and streaming
boundaries in VR, and (3) mitigating technical limitations of real-
time cross-reality interaction management across VR and non-VR
platforms by unified interaction frameworks for easy cross-reality
interactions. As online social spaces increasingly blend virtual and
physical worlds, our work thus provides crucial insights into how
these spaces can better support cross-reality engagement in more
embodied and immersive ways, as shown in the case of social VR
streaming, while still protecting user safety and privacy. These
insights may inform future discussions around not only innovating
traditional 2D streamer-viewer interactions but also developing
more inclusive, engaging, and secure cross-reality environments.
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