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Live streaming has gained worldwide traction due to affordable digital video devices and high-speed Internet access.
Besides video games, live streaming users share a variety of non-gaming content, such as civic engagement, knowl-
edge and experience, and even traditional cultural practices (i.e., intangible cultural heritage). However, because
video game live streaming is the primary target of mainstream streaming platforms, little prior research has ex-
plored the practices and challenges of the communities of non-gaming streamers who share knowledge or showcase
and promote cultural practices through live streams, and few computational tools and systems have been designed
and developed to support these stakeholders’ unique needs for engaging and communicating with their communities
more efficiently and meaningfully.

The goal of my research is to understand emerging practices of non-gaming streamers and their communities,
and to design new tools for these streamers, viewers, and other stakeholders to better support knowledge sharing
and cultural heritage preservation through live streaming. I first conduct qualitative and mixed-method studies to
understand various non-gaming streaming practices for sharing knowledge, sharing experiences, and safeguarding
intangible cultural heritage, all of which are prevalent in China but have not gained comparable traction elsewhere.
These studies reveal the stark differences of non-gaming live streams with video-gaming streams, and show that for
knowledge sharing and cultural heritage live streaming, context loss, information overload, and limited communi-
cation modalities are key challenges for stakeholders. Building on these findings, I design, deploy, and evaluate novel
user interfaces for non-gaming live streaming users to better support their needs in knowledge sharing and expe-
rience sharing contexts. StreamWiki is a tool that leverages viewers during live streams to produce useful archives
of the interactive learning experience which can facilitate in-stream and post hoc learning. StreamSketch enables
viewers and streamers to engage during live streams through multiple modalities, including sketch and text. The
evaluations of these live streaming interfaces show their usefulness in non-gaming contexts, but also reveal remain-
ing challenges of how to better engage viewers with increased complexity of streaming interfaces. In conclusion, I

summarize the key insights from my studies and discuss future research opportunities in non-gaming live streaming.
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Chapter 1

Introduction

In recent years, the proliferation of mobile devices equipped with high-de nition cameras and high-speed Internet
has led to a surge of individuals making live streams, which has a profound impact on users' everyday life. For exam-
ple, Twitch.tv, the popular gameplay-based live streaming platform, has more than 2.2 million active streamers per
month [55]. Previous research has also found that the content of live streams is highly varied, often focusing on video
gaming [55], live events [54], civil content [35], live performances [93], or the selling of goods [16]. Live streaming
enables di erent communities to form and sustain, facilitating real-time, synchronous inter-personal interactions
between di erent users.

In China, live streaming has gained even more traction compared to its North American or European coun-
terparts [101]. Due to the popularity of live streaming platforms and mobile video sharing apps (e.g., TikTok and
Kuaishou) in China, many knowledge sharing live streamers and cultural practices sharing streamers have emerged
to use live streaming to engage with their communities [101]. These streamers share their knowledge for personal
satisfaction and nancial gain, and are considered to be experts in some topics, even though they are typically unaf-

liated with traditional learning institutions. Some streamers even use live streams to showcase traditional cultural

art forms and artifacts, i.e., intangible cultural heritage (ICH). Many ICH practices are endangered and not widely
known, however, through live streaming, a broader audience gets a chance to be exposed to them and begin to ap-
preciate these cultural practices inherited from our ancestors. These ICH live streams are also attracting older adults
to watch and engage in live streaming. Although these streamers may have large and devoted fan bases, they have no
e ective tools to support learning or knowledge sharing, because most features of streaming platform, e.g., gifting
and leaderboards, are designed mainly for entertainment purposes.

With the “liveness' of the live media and the real-time streamer-viewer interactions, | envision that live stream-
ing provides a chance to share knowledge more broadly to those not targeted by traditional online education, and to
safeguard endangered culture practices by exposing them to a broader audience to raise cultural awareness. How-
ever, because most streaming platforms focus on entertainment content, or even more narrowly, video gaming, few
attempts have been made by commercial streaming platforms to support streamers of knowledge sharing or tradi-
tional cultural practices and their communities. To enable these streamers to better engage and communicate with
viewers and share their knowledge, skills, or cultural practices in a more e ective way, we need to better understand
the key challenges they are facing, and design and develop tools to support them in preparing content, creating novel
forms of live streams, interacting with viewers in richer ways, and maintaining their communities.

Motivated by this problem space, my dissertation focuses on understanding non-gaming live streaming phe-
nomenon and designing systems and tools to support streamers who share knowledge and showcase cultural prac-
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tices. The dissertation serves to inspire new ways that live streaming systems could be redesigned tesenprove
engagemeahdknowledge sharing e cieralylive streams. | have been conducting needs nding qualitative or
mixed-method studies with streamers, viewers and other stakeholders, and designing, developing, and evaluating
systems that support these stakeholders in the contexts of knowledge sharing and cultural heritage preservation. My
dissertation proposes two systems that improve viewer engagement and communication e ciency in knowledge and
skill sharing live streaming contexts. My dissertation also outlined the importance of expanding thinking about the
current demographics of live streaming users, live streaming within educational and cultural practice applications,
and the needs to support deeper and richer interactions among di erent stakeholders.

1.1 Understanding Non-Gaming Live Streaming Practices

Since the emergence of live streaming services back in 2000s, research in HCI has explored the use of live video for
civic activism [35], live events [54], e-commerce [16], and video-gaming [55]. Except for video-gaming live streaming,
research on other genres or contexts of live videos is mostly con ned to a small scale of close-tie audiences. Inspired
by the prevalence of non-gaming live streams in China, we rst conducted a mixed methods study consisting of a
survey (N=527) and interviews (N=14) with live streaming users in China to better understand their practices, moti-
vations, social interactions, and user engagement on streaming platforms (Chapter 3). Our data revealed the di erent
categories of content that was streamed and how varying aspects of this content engaged viewers. We also gained
insights into the role reward systems and fan group-chat play in engaging users, while also nding evidence that
both viewers and streamers desire deeper channels and mechanisms for interaction in addition to the commenting,
gifting, and fan groups that are available today. The study also revealed the prevalgitioolive streamsknowl-

edge sharirige streams (KSLS), and live streams abtargible cultural heritag€H) practices in China, and thus
informed us to refocus our investigation into these speci ¢ genres of live streams that are seldom reported in prior
live streaming literature.

We rst conducted a mixed methods study consisting of a survey (N=287) and interviews (N = 20) to understand
how viewers watch and engage with outdoor live streams in China (Chapter 4). The data revealed that outdoor
live streams encompass many categories of content, environments and passersby behaviors create challenges and
uncertainty for viewers and streamers, and viewers watch live streams for surprising lengths of time (e.g., sometimes
more than 5 continuous hours). We also gained insights into how live commenting and virtual gifting encourage
engagement. Lastly, we detail how the behaviors of dedicated fans and casual viewers di er and provide implications
for the design of live streaming services that support outdoor activities.

We also conducted another interview-based study with 10 streamers and 8 viewers from China to better under-
stand the practices, opportunities, and challenges inherent in sharing and safeguarding intangible cultural heritage
(ICH) through live streaming (Chapter 5). Through our qualitative investigation, we found that ICH streamers had
altruistic motivations and engaged with viewers using multiple modalities beyond live streams. We also found that
live streaming encouraged real-time interaction and sociality, while non-live curated videos attracted attention from
a broader audience and assisted in the archiving of knowledge.

These studies lay the ground of understanding current users' speci ¢ needs for non-gaming live streams, and
inform us about design goals to support users in these contexts of non-gaming live streams.
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1.2 Systems for Supporting Non-Gaming Live Streaming

In this dissertation, | explore the design space of knowledge sharing through live media by designing and building
two novel streaming interfaces to enable streamers and viewers to interact in richer ways and to better make sense
of the information shared during live streams. Several key questions are considered during the design process of
these live streaming interfaces, including i) how would users like to interact with streamers and other viewers? ii)
how would users (especially streamers) like to make sense of other users input for communication purposes? iii)
how would users be motivated to interact or contribute their input during live streams so that they can have higher
engagement with the community?

The systems | design and develop explore several interaction paradigms in non-gaming live streams. These
include a system that support learner-sourcing archives of knowledge sharing live streams during the stream in real-
time, to support better in-stream and post hoc learning of educational content in live streams (StreamWiki) and a
system that support multi-modal (sketch and text) interactions during creative arts live streams to support viewers
to convey visual ideas with streamers (StreamSketch). These systems were developed based on the aforementioned
need nding studies which reveal their unique needs. After the design and development of each system, lab experi-
ments and natural deployment studies were conducted to evaluate the usability and usefulness of the system in real
settings.

1.2.1 Learner-Sourcing Archives of Knowledge Sharing Live Streams

Knowledge-sharing live streams are distinct from traditional educational videos because of the large concurrently-
viewing audience and the real-time discussions between viewers and the streamer. Though this creates unique op-
portunities for interactive learning, it also brings a challenge for creating a useful archive for post hoc learning. |
rstinterviewed knowledge sharing streamers, their moderators, and viewers to understand current experiences and
needs for sharing and learning knowledge through live streaming. Based on those ndings, | built StreamWiki, a tool
which leverages the viewers during live streams to produce useful archives of the interactive learning experience. On
StreamWiki, moderators initiate tasks that viewers complete by conducting microtasks, such as writing a summary,
commenting, and voting for informative comments. As a result, a summary document is built in real time. Viewer
can leverage such summary of live video either in-stream (e.g., after zoning out for a while) or after the stream for
reviewing the content. Through the tests of our prototype with streamers and viewers, we found that StreamWiki
could help understanding the content and the context of the stream, during the stream and for post hoc learning.

1.2.2 Supporting Multi-Modal Interactions in Creative Live Streams

Creative live streams, where artists or designers demonstrate their creative process, are emerging as a unique and
popular genre, due to their real-time interactivity. However, streamer-viewer interactions on most live streaming
platforms are con ned to texts and emojis, which limit what viewers can convey and share in real time. To inves-
tigate the design space of supporting visual and non-textual modalities in creative live streams, we rst analyzed
existing Twitch extensions and conducted a formative study uncovering key challenges of creative live streamers,
and identi ed several key design points, e.g., spatial-temporal anchoring and Itering of drawings and texts. We
then designed and implemented a prototype system, StreamSketch, which enables viewers and streamers to engage
during live streams through multiple modalities, including sketch and text. We evaluated our prototype with two
professional artist streamers and their viewers in six streaming sessions. Overall, both streamers and viewers found
StreamSketch provided increased engagement and new a ordances than the traditional text-only modality, while
highlighted e ciency, moderation, and tool integration as remaining challenges.
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1.3 Research Contributions

The focus of my dissertation is on understanding non-gaming live streaming users media practices and challenges,
and designing novel interfaces to improve their user engagement and e ciency in non-gaming live streams. Thus,
the dissertation makes the following contributions:

~ A detailed description and a nuanced empirical understanding of emerging non-gaming live streaming prac-
tices and social phenomenon, especially in China, where the landscape of social media and social structure
and infrastructure are di erent than elsewhere. These studies provide di erent perspectives of the HCI com-
munity's understanding of live streaming practices, which are largely con ned to live streaming practices in
the WEIRD (Western, educated, industrialized, rich, and democratic) contexts. The insights gained from this
research could inform the design of future media platforms that serve the needs of diverse demographics of
users.

The design of novel interfaces that enable viewers to interact with streamers in richer and more meaning-
ful ways. Viewers can contribute to learner-sourcing tasks during their consumption of knowledge sharing
live streams, and StreamWiki can leverage viewers' input to generate archives of the live stream in real time.
Viewers can also convey visual ideas to streamers and other viewers with StreamSketch, which can be hard to
express without it.

The design of in-stream visualizations and information representations that support users in making sense of
viewer input. StreamWiki provides a two-dimensional (temporal and salience) key word visualization to help
viewers better understand the context in a live stream. StreamSketch provides a hybrid cloud of word and
sketch to help both the streamers and viewers to make sense of viewers' visual input during the live stream.

Evaluations of the proposed systems and the design implications which provide insights about how introduc-
ing novel interactions during live streams support new ways of user engagement in non-gaming live streams,
and remaining challenges of supporting non-gaming live streaming.

1.4 Dissertation Outline

In Chapter 2, the dissertation is positioned in the context of video sharing and telepresence, the evolution of live
streaming and related research on live streaming motivations and practices, new interventions, tools, and techniques
for improving live streaming user experience, and video-based online learning and relevant novel user interfaces.
The literature review highlights the need for understanding non-Western live streaming practices and designing for
non-gaming live streaming users.

In Chapter 3, | present results of a mixed methods study which aims to understand Chinese live streaming users'
practices and motivations in non-gaming live streaming contexts. Findings from this study inform us to further
investigate several speci ¢ genres of non-gaming live streams that are prevalent in China outdoor live streams and
knowledge and skill sharing live streams in following studies:

~ In Chapter 4, | present results of a mixed methods study which explores why Chinese live streaming users are
engaged in outdoor live streaming in an excessive way, and what makes outdoor live streaming engaging.The
study shows the di erent usage patterns of light, casual, and dedicated users, and several unique cultural ele-
ments in China play an important role in user engagement.
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~ In Chapter 5, | present results of an interview-based study which aims to understand the practices of and
problems faced by streamers who live stream intangible cultural heritage practices and their viewers.The study
reveals that streamers are engaging viewers with a fragmented technology ecosystem, and they have di culty
in keep engaging viewers due to physical and cognitive load in live streams.

Based onthe three studies which provide a holistic picture of non-gaming live streaming users and their practices,
we design and develop two systems:

" In Chapter 6, | present the design, implementation, and evaluation of StreamWiki, a tool which support in
learner-sourcing archives of knowledge sharing live streams for e cient in-stream and post hoc learning.
The tool is evaluated with 4 real live streamers in their real settings.

" In Chapter 7, | present the design, implementation, and evaluation of StreamSketch, a tool which support
multi-modal input (sketch and text) from viewers to better engage them in creative live streams. We further
evaluate StreamSketch in six real streaming sessions.

Chapter 8 summarizes ndings from empirical studies and design lessons from the non-gaming live stream-
ing interfaces and their deployments, reviews the contributions of the dissertation, and proposes potential future
research directions in live streaming.



Chapter 2

Literature Review

Live streaming, which emphasizaymchronousne-to-manyeal-timanteractions between users, and enables any-

one to share their personal experiences, has been gaining traction globally due to the proliferation of mobile devices
equipped with high de nition cameras and high-speed Internet. Live streaming in China is gaining greater trac-
tion than its North American or European counterparts, where users are leveraging live streaming in richer ways,
and streamers are making social impacts through live streaming, e.g., sharing knowledge and saifetgungieling

ble cultural heritagiee., social practices and traditions rooted in local cultures). My research into non-Western and
non-gaming live streaming has been greatly in uenced by prior research which explores di erent live streaming
media practices and phenomenon, and HCI systems and tools that were built for more engaging user experiences
with videos.

In this chapter, before reviewing prior academic literature on live streaming speci cally, | rstreview a broader
scope of literature in HCI that is relevant to live video streaming, including video-sharing platforms and practices,
experience sharing, and telepresnce with videos. Since my research focuses on non-gaming uses of live stream-
ing, especially for knowledge sharing purposes, | nally review prior work in video-based knowledge sharing and
collaborative user interfaces for video-based learning.

2.1 Vlogging, Video Sharing, and Telepresence

Video sharing platforms such as YouTube and TikTok enable the shaus®y-gfenerateidieo content, and provide

a road to fame for many vloggers who share their life and experiences with global audiences. These video sharing
platforms o er asynchronous viewing of user-generated videos with viewer comments and customized recommen-
dations. However, these sites do not guarantee users' equality of experience sharing through videos although they
have hosted a huge amount of user-generated videos, most uploads are from a small fraction of content providers,
and only the most popular videos attract most views [157].

Prior research has focused on analyzing social network structures and social interactions on YouTube. For ex-
ample, Ding et al. [30] analyzed the video graph in YouTube and found that 63% of the most frequent uploaders
were mostly uploading copied content initially shared outside of YouTube, rather than creating their own content.
Wesch [172] analyzed the self-awareness generated by vlogging, and provided evidence of context collapse [105] on
YouTube, where social contexts could have di erent norms and expectations in the same space. The commenting
system on YouTube was analyzed by Siersdorfer [149] and it was found that most comments were concentrated on a
small portion of the most popular videos. Some research has also explored how to craft a conversational experience
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and promote social interactions through YouTube [59]. Although relevant, prior research on video sharing platforms

focused mostly on recorded videos and has not explored how real-time, ephemeral, and synchronized interaction
during large-scale live streaming in uences viewer engagement and the social interactions between viewers and
streamers.

The use of mobile video for sharing personal experiences and telepresence has also been of interest in HCI and
CSCW for decades. Ithas been found that users in close-tie used mobile live videos to share a variety of activities, such
as cooking, remote baby-sitting, and remote movie nights [15]. Studies of mobile video use in shopping, restaurants,
museums, and touring situations showed that it is di cult to orient and place mobile video cameras appropriately
to provide good views for remote viewers [67, 70, 136]. Remote viewers also often want more control over their
view [70], the ability to point to things in the scene [70], more spatial context [70, 79], and the ability to see both the
environment and the camera handler simultaneously [67]. Privacy concerns for video sharing in the public have also
been explored and it has been found that bystanders are more concerned about privacy with wearable cameras than
cameras on mobile phones [120, 150]. Several prototypes have also explored how mobile or telepresence technology
supports parallel experiences over distances via shared activities, for example, enabling geographically separated
joggers to jog together through sharing spatialized audio [116], exertion interfaces that share video and audio to
support sports activities over distances [115], mobile video conferencing to share outdoor leisure activities (e.g.,
geocaching and bicycling) with remote family members and friends [119, 133], and telepresence robots with 360
degree viewing to share geocaching experiences [60]. Although relevant, most of these projects explored how users
share personal activities with close-tie or small-scale remote users, i.e., one to one, or one to a few. Live streaming
provides us an opportunity to understand how larger scale viewers engage with live streamers and other viewers.

2.2 Understanding Live Streaming Motivations and Practices

Since the emergence of live streaming services and platforms in 2000s (see Table 2.1), there have been several studies
in HCI that investigate what, how, and why users adopt live streaming services or platforms, and how live streaming
changes social dynamics among di erent stakeholders. Some studies investigated early live streaming services back
in 2010 when early streaming services emerged and did not have many features for user engagement, some explored
emerging platforms and mobile apps that were speci cally designed for live streaming, and others focused on live
streaming on Twitch, the most popular gameplay-based live streaming platform.

2.2.1 Early Live Streaming Services

Live video broadcasting was rst studied by HCI researchers around 2010, when mobile phones equipped with
cameras just emerged which enabled early adopters to share mobile videos with others. However, the quality of the
video was not optimal and the Internet connectivity might not be stable atthe time, so the live streaming phenomenon
did not go mainstream. Along this line of research, Juhlin et al. [71] conducted a qualitative content analysis of live
videos from early generations of mobile live streaming apps called Bambuser and Qik, and found that users could not
nd appropriate topics to stream and streams su ered from poor image quality. Dougherty [35] explored the use of
Qik through a quantitative content analysis of 1,000 videos, showing that 11% of videos had civic importance, such
as journalistic and activist value, e.g., activist meetings. She also found that 71% of live streams in her sample were
created by males, indicating a potential gender inequality in technology access at that time. As technology advances,
some of these early ndings should be updated to re ect changes in emerging live streaming services and platforms.
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Table 2.1: Timeline of live streaming services in North America, Europe, and China. (*) denotes Chinese platforms.

We also include video sharing platforms that have live streaming features.

Time Platform Platform type Notes
) . Originally targeted gamers and audio chat room,
2005 now | YY* Video-based social networ
later extended to performances and talent shows
2006 2014 | Justin.tv Live streaming service Spins o gaming division as Twitch in 2011
. . i ) Acquired by Skype in 2011.
2007 2016 | Qik Mobile live video-sharing
Original Qik service retired in 2014
2007 now | Bambuser Mobile live streaming Shifted focus to B2B o ering in 2014
. . . ) Provides both live stream and video on demand.
2011 now | Twitch.tv Live streaming service
Acquired by Amazon in 2014
2011 now | YouNow Live streaming service Began losing streamers and users in 2017
2011 now | YouTube Live | Video-sharing platform YouTube launched live streaming service in 2011
2012 now | Kuaishou* Video-sharing mobile app | Most popular among rural users in China
. i i The largest IPO of Chinese company
2014 now | Douyu* Live streaming service
on Wall Street in 2019
2014 now | Huya* Live streaming service Operated independently from YY in 2014
2014 now | Bilibili Live* Video-sharing platform Launched live streaming service o cially in 2014
2014 now | Periscope Mobile live streaming app | Acquired by Twitter in 2015
2015 2016 | Meerkat Mobile live streaming app | Shut down in 2016
2015 now | Facebook Live Social networking service | Facebook launched live streaming feature in 2015
. . . . Launched TikTok (international version) in 2017.
2016 now | Douyin* Video-sharing mobile app
Merged with Musical.ly in 2018
. ) . . Originally launched as Beam.
2016 now | Mixer Video game live streaming
Acquired by Microsoft in 2016

2.2.2 New-Wave Live Streaming Platforms

Early adoption of live streaming services did not reach a broad range of users due to technological, economical and
social barriers, such as limited access to mobile devices with high computational power, limited bandwidth and con-
nectivity, and expensive data. With the proliferation of mobile devices equipped with high de nition cameras and
high-speed Internet, live streaming has been gaining increasing traction in the HClI community due to the popular-
ity of mobile live streaming applications and live streaming functionality integrated into mainstream social media
platforms since 2014.

Tang et al. [157] conducted a mixed methods study of early users of live streaming on Meerkat and Periscope,
which consisted of a crowd-sourced content analysis of 767 live streams and interviews with 20 frequent streamers.
They found that the broadcasted live streams on these platforms consisted a diverse range of activities, and the mo-
tivations of the streamers were mostly for branding purposes. Streamers also described live streaming as providing
an authentic, unedited view into their lives.

Some work explored the demographics of users on live streaming services and what makes such live streams
engaging. Scheibe et al. [144] analyzed information production and reception behavior on YouNow, revealing that
YouNow streams were mostly made by adolescents for adolescents. Lottridge et al. [96] studied live streaming prac-
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tices and motivations of teens using a mixed methods study of a survey and interviews. They highlighted that teens
were streaming like taking a long-form sel e, showing one's self and life, to engage with small group of friends rather
than strangers. Work by Hu et al. [64] attempted to understand why users kept watching on live streaming platforms,
and found that self-identi cation with the broadcaster and viewing group increased the motivation to keep watching.

Other studies explored how viewers use mobile live streaming to experience outdoor activities or live events. For
example, Reeves et al. [138] studied a mixed reality game that supported livestreaming from city streets and identi ed
challenges facing performers such as demands from remote viewers while streaming, situational challenges, and
self-presentation desires. Haimson et al. [54] studied what makes live events engaging by comparing Facebook Live
and Snapchat Live Stories. Through a mixed methods study of an online survey and interviews, they found that
immersion, immediacy, interaction, and sociality were important to the engagement of watching live events through
live streaming.

This line of research focused almost exclusively on sharing personal experiences through live streaming to close-
tie for social purposes. Sharing knowledge, skills, or even traditional cultural practices, however, can be very di erent
compared to these streaming practices in terms of motivations and interactions.

2.2.3 Streaming on Twitch

Twitch has become a popular platform for gamers to share live streams of gameplay experiences since 2011, and thus
has been of interest to HCI researchers since then.

Alot of prior research has focused on understanding motivations and speci ¢ content of live streaming on Twitch.
For example, Hamilton et al. [55] conducted interview studies with streamers and viewers on Twitch, and found that
live streaming communities form around shared identities from streams' content and viewers' shared experiences.
Their results also highlighted that live streams act as virtual third space where communities emerge, and users engage
in both “hot' (video) and "cold' (text chat) media of live streams. Sjoblom et al. [151] investigated why viewers watch
others play video games, and showed that tension release, social integration, a ective motivations, and information
seeking impacted the hours spent watching, subscription behavior, and the number of streamers watched. Similarly,
Gros et al. [51] investigated how motivations in uence user's grati cations on watching live streaming on Twitch.tv,

nding that time spentin uences the money spent on the platform. Sjoblom et al. [152] also studied how video game
genres and content types in uenced viewer grati cation in live streaming, and showed that archetypal structure of
the stream is more important than genre of games being streamed.

Other researchers have explossttial interactiobgtween streamers and viewers via live streaming, including
how streamers present themselves and how viewers support their favorite streamers. For example, Pellicone et al.
[129] conducted a qualitative study of an online forum about game streaming by a content analysis of the posts in
the forum. They found that a key attribute of streaming on Twitch is the development of a unique attitude and
persona as a gamer, and performativity plays an important role in shaping streamers' interactions with viewers.
Wohn et al. [176] surveyed live streaming viewers who had given money to a streamer (N=230). They identi ed
six motivations for nancial support of viewers, and they further examined how factors related to viewer, streamer,
and viewer-streamer interaction were associated with viewers' social support provision to streamers (i.e., emotional,
instrumental, and nancial support). They found that interpersonal attractiveness was associated with emotional and
instrumental support, and lonely people were more likely to give instrumental support to their favorite streamers.

This existing research explored the di erent contexts where live streaming is used, streamers' behavior, and user
engagement in North America and Europe, but little research has explored the practices of live streaming in China,
where there are more daily active users, more professional and regular streamers, and even other stakeholders such
as agencies and guilds [93]. To better inform the design of future live streaming interfaces, | seek to dig deeper into the
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phenomenon of live streaming in China and understand how the practices, engagement, and interactions in North
America di er from those in China.

2.3 Designing Novel Live Streaming User Interfaces

Compared to studies that were conducted to understand live streaming practices and challenges, fewer projects
focused on designing novel user interfaces for live streaming services. There are two categories of research in this
direction: reducing information overload and enhancing streamer-viewer interactions.

2.3.1 Reducing Information Overload in Live Streaming

Highly popular live streams may have thousands of concurrent viewers, where text chat may become a more severe
problem because of live streams' real-time nature both streamers and viewers have to make sense of the information
in real time to have meaningful interaction. Several tools and systems have been designed to address this.

Conversational Chat Circles [108] proposed a streaming user interface which conditionally shows a subset of
chat to di erent subgroups of viewers, so that the number of messages sent to an individual viewers are smaller.
They proposed a method of randomly sampling a large humber of messages to di erent subgroups, or using voting
as a method to Iter and throttle messages. Through their evaluation, they found that viewer engagement was not
in uenced although not all the chat information was provided to them. However, challenges remain that sometimes
viewers may get lost because they no longer share the same ground of information with each other.

Another case of information overload is that when watching a live event, there may be multiple streams that are
hard to choose and navigate. Crowdcasting [156] was a prototype designed to enable remote viewer to participate
in a live event through a collection of live streams from the event. With Crowdcasting, viewers could select from a
collection of streams and interact with the streamer and other viewers through text comments and heart reactions.
Through their deployment study, they found that viewers actively switched among di erent streams and interacted
with each other through text comments. They also observed that voluntary viewers switched less among streams
and had less interaction through text comments compared to viewers recruited through Mechanical Turk. However,
this approach is mostly only useful for live events streams, but not other genres of live streams.

2.3.2 Enhancing Streamer-Viewer Interactions

Prior work in live streaming has found that interaction and the sociality of live streaming are what make live stream-
ing engaging, and streamers and viewers desire deeper and richer interactions in live streaming beyond text-only
chat [55].

To enable streamers to better engage their viewers, several research projects have explored novel interfaces to
facilitate audience participation and in uence in video game live streaming. For example, Lessel et al. [91] designed
several new communication channels for live streams of card game Hearthstone, for example, enabling viewers to
draw lines on the game Ul to indicate their preferred player act and recommend this act to the streamer. Through a
preliminary user study, they found that these additional communication channels were favored because they enabled
viewers to exert their in uence on streamers. However, this system is designed speci cally for the game Hearthstone,
and the features may not work well for other games or live streaming genres. Glickman et al. [46] explored design
challenges of live streamed APGs (audience participation games) which enabled viewers to participate in a streamer's
gameplay and in uence the gaming experience of the streamer. They identi ed six challenges including latency,
screen sharing, attention management, player agency, audience-streamer relationship, and shifting schedules. Again,
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their ndings were mostly constrained in the domain of gaming live streams, and the design implications could not
be generalizable to other genres of live streams.

Although live streaming has been increasingly used in non-gaming contexts, few HCI systems or tools have been
designed to better engage viewers in these contexts, largely due to the lack of empirical studies which reveal non-
gaming live streaming users' unique needs and practices. Some exceptions have explored enriched communication
channels in other genres of live streams, including live events, public environment, education, and knowledge shar-
ing. LiveMaché [56] proposed the concept of collaborative live media curation, which supported sharing context and
participation in online learning through the collaborative and synchronous curation of multi-media, including live
video, text, images,and sketches. Users can freely compose di erent modality of media in a curation when attending
a live session, and engage with di erent modality of information to learn. However, this method may not scale to
a large number of viewers, because users can be easily overloaded by the rich information curated in the system.
Reeves et al. [138] studied a mixed reality game which supported live streaming from streets and identi ed chal-
lenges facing streamers such as demands from remote viewers, situational challenges, and self-presentation desires.
Chen et al. [21] explored the use of text, audio, video, image, and stickers to enrich interactions for live streaming in
language learning, and found that these multimedia tools increased learners' engagement. Snapstream [184] enabled
viewers to take snapshots of live streams for visual art, annotate on them, and share the annotated snapshots with
other users.

Prior work has shown that multi-modal interactions in live streaming is feasible, favorable, engaging, and bene-
cial to both the streamers and viewers. To continue this line of research, | will focus on providing richer interaction
modalities to streamers and viewers, at the same time, reducing information overload and context collapse caused
by the rich information from a large number of viewers watching live streams.

2.4 Video-Based Online Learning

Early research in HCI and CSCW has explored how to support the sharing of knowledge amongst distributed audi-
ences using interactive video. For example, Forum by Isaacs et al. [68] and TELEP by Jancke et al. [69] both enabled
speakers to broadcast live video and slides, and enabled audiences to interact with the speaker and other audiences us-
ing speech or votes. Although relevant, these systems were designed for an institutional setting, which was a smaller
scale compared to KSLS, and they did not address the archival of videos or comments. This work has been greatly
inspired by insights from research on facilitating learners' participation and enabling e cient video navigation for
online learning.

2.4.1 Facilitating Participation in Online Learning

Early research in situated learning has found that novice learners must fully participate in the sociocultural practices
of a community to master knowledge and skills [88]. From this perspective, the learning process takes place not only
in an individual context, but also in socially situated contexts [56]. Recent research on MOOCs and online learn-
ing holds that active participation and engagement in the knowledge community are critical to an online learning
process [62, 131, 154]. Learners can participate in online learning using both asynchronous and synchronous media,
which have di erent e ects on their participation [61]. Asynchronous media (e.g., blogs and forums) a ord re ection
and discussion, while synchronous media (e.g., video conferencing and text chat) foster more conversation between
learners, provide social support [61], and increases the learner's perceived social interactivity [89]. Another line of
research explored online backchannel chatrooms, which allow participants to discuss during a lecture or presen-
tation [106, 185]. Although such backchannels may distract learners, they encourage knowledge sharing through
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self-motivated participation and engagement [185], and can provide additional feedback about learners to instructor
[7]. Building on these ndings, | aim to further understand how knowledge sharing live streams (KSLS) using syn-
chronous media and having concurrent learners' real-time comments, in uence learners' participation and learning
processes.

Prior research in MOOCs and Computer Supported Collaborative Learning (CSCL) has explored various ways
to better support online learning by creating collaborative learning environments and supporting collaborative an-
notations and discussions. Classroom 2000 captured course content in multiple media, including audio, video, slides,
and notes, to provide a persistent collaboration space for students to access class recordings and continue discus-
sions after class [2]. NB was a collaborative document annotation system which signi cantly increased the amount
of online student-to-student discussions [191]. SynTag [63] allowed viewers to provide real-time feedback for live
presentations via simple tags. TraACE [33] enabled learners to leave spatiotemporal anchored annotations of video
and discussions in an online learning space, where learners interacted with instructors or peers in meaningful ways.
Mudslide [45] supported spatially contextualizing students' points of confusion in online video, which bene ted
both students and instructors. Korero [23] facilitated the complex referencing of multiple and speci c referents in
discussions of online courses.

Previous work has also investigated the needs and motivations of both learners [187] and instructors [188] to
inform the design of MOOC systems. We have a similar perspective, which views non-gaming livestreaming, espe-
cially knowledge sharing live streaming, as an eco-system that involves multiple stakeholders, including streamers,
the moderators who not only moderate discussions but also voluntarily help the streamer prepare the content, and
the viewers who actively engage in the community built by the streamer.

2.4.2 Enhanced Video Interfaces for Online Learning

Videos on MOOCs or websites such as YouTube or Vimeo provide a rich online learning experience. However, the
linear video navigation makes it hard for learners to gain an overview of the video or locate content of interest [128],
or to meaningfully construct knowledge [41]. Previous work has explored various user interfaces to better support
video-based learning. Kim et al. [78] proposed a data-driven method which leverages user interaction data for
video navigation. NoteVideo [109] identi ed conceptual objects in blackboard style videos and supports the direct
navigation of them. Other research focuses on supporting the knowledge construction of viewers. Video Digests
[128] provided structured summaries of informational videos that were organized into chapters and sections with
thumbnails to enable viewers to browse and skim a video. Weir et al. [169] proposed a system that leverages the
crowd to generate sub-goal labels for how-to videos to sca old learning. ConceptScape [94] leveraged the crowd to
generate a concept map of lecture videos to support concept-driven navigation of a video. Many of these enhanced
video interaction tools are intended for use with pre-recorded videos. Due to the liveness of KSLS, it is challenging
to directly adopt these tools for KSLS, because most of them require viewers to complete tasks that can be too
demanding to be done without pausing the live video. Inspired by these systems, | will explore how to support KSLS
viewers to better understand content and meaningfully construct knowledge during live streams via less demanding
tasks.

2.5 Summary

The synthesis of literature has shown that although an increasing number of research projects have explored live
streaming practices, most of these investigations were conducted in the WEIRD (Western, educated, industrialized,
rich, and democratic) contexts, which limits our community's understanding of the socio-technological phenomenon
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of live streaming in a broader perspective. Although there are several novel user interfaces designed for video game
live streaming or for online video-based learning, few are designed to support knowledge or skill sharing live streams,
which emphasize meaningful and thoughtful real-time interactions during live streams.

This dissertation were inspired by a rich history of research on experience sharing, telepresence, video inter-
actions, live streaming, and collaborative user interfaces. Innovations in techniques and tools to support richer
inter-personal interactions also informed our design of new tools. From these lessons learned, | design and develop
systems that support users that are often overlooked by mainstream live streaming platforms (e.g., streamers who
share intangible cultural heritage practices to help safeguard them), which could potentially make more positive
social impacts with live streaming.



Chapter 3

Understanding Non-Gaming Live
Streaming in China’

Figure 3.1: Screenshots of live streams on Chinese live streaming platforms (a) Douyu.tv and (b) Douyin (TikTok).
Note that both live streams have a number of Danmaku comments (i) and display virtual gifts (ii) that have been sent
to the streamer alongside Danmaku conversations that are ongoing.

3.1 Live Streaming in China

In recent years, the proliferation of mobile devices equipped with high de nition cameras and high-speed internet
has led to a surge of individuals making live streams. These live streams are supported by software that enables
anyone to share their experiences at live events, hold weekly talk shows, and more. Twitch.tv, the popular gameplay-
based live streaming platform has more than 2.2 million active streamers per month [55, 160]. Despite the popularity
of Twitch.tv, live streaming in North America has only recently begun to enter into mainstream culture, through

1Edited reprint with permission from You Watch, You Give, and You Engage: A Study of Live Streaming Practices in China by Zhicong
Lu, Haijun Xia, Seongkook Heo, and Daniel Wigdor, 2018rdoeedings of the SIGCHI Conference on Human Factors in Computing Systems
1315-1324, DOhttps://doi.org/10.1145/3173574.3174040 . Copyright 2018 by Lu, Xia, Heo, and Wigdor. Publication rights licensed
to ACM.

14
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Figure 3.2: Screenshots of live streams on Yizhibo, the streaming service of Weibo, with viewers sending virtual gifts
such as “lollipops’ (left) and a “cruise ship' (right) to the streamer.

the advent of Facebook Live, YouTube Live, and Periscope [54, 96, 157]. Although a few research projects have
focused on understanding the live streaming phenomenon, they have been largely con ned to understanding North
American usage [54, 55, 96, 129, 157]. The present work, however, casts a lens on a country and culture that has
almost ubiquitous live streaming usage: China.

In China, live streaming began when the Internet users started repurposing the public video chat room services of
Y'Y for performative live streaming [93]. Most live streaming platforms gradually began to provide mobile versions
of their live streaming services. As of April 2017, there have been more than 200 live streaming platforms in China
[189]. By the end of 2018, there were over 397 million live streaming viewers, accounting for 47.9% of all Chinese
Internet users. The top 9 popular platforms all have over 2 million daily active users [66]. The continuous growth of
live streaming in China created an estimated 5-billion-dollar industry [113]. Due to the popularity of live streaming,
“streamer’ has become a new profession in China. Corporations such as Tencent provide facility support and training
for full time streamers who have the potential to become popular [170]. These professional streamers go live almost
every day and live streaming acts as a primary source of income for them.

Live streaming platforms in China have several unique design features, including gami cation elements that
induce users to pay to support their favorite streamers (e.g., highly customizable virtual gifts and leaderboards of
top gift senders [93, 101]) aBdnmakua form of commenting that is overlaid on the live video during the stream
[103] (see Figure 3.1 and Figure 3.2). Di erent from the traditional chat-room style commenting adopted by Twitch,
Facebook Live, and YouTube Live, most live streaming platforms in China adopt Danmaku to display viewers' real
time comments. Viewers can also purchase and send virtual gifts to a streamer during live streams. These gifts are
shown as a special animation overlaid on the live video and are visible to all viewers [101]. Viewers can also pay to
subscribe to a streamer and earn special “fan' badges. These subscriptions and badges allow viewers to gain access to
di erent privileges, for example, sending exclusive virtual gifts or having their Danmaku comments displayed with

https:/lwww.yy.com/
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a higher visibility than other comments. Most streaming platforms in China also host platform-wide competitions
or carnivals once or twice a year, where streamers compete against each other to obtain the highest value of virtual
gifts from viewers [26]. The winning streamers of these competitions will be promoted more by the platform and
receive more commercial resources [26].

Chinese live streams di er greatly in content, style, and form compared to those in North America and Europe.
Previous studies of US and Canadian live streaming have found that live streaming was almost exclusively for live
events [54, 157] or sharing among close friends [96]. In contrast, Chinese users utilize live streaming for a wide array
of uses, such as pan-entertainment (i.e. so-called showroom performances of singing, dancing, music instruments,
and talk shows hosted and performed by individual streamers), e-commerce, personal knowledge sharing, and per-
sonal experience sharing [189]. Although di erences in live streaming activities have been identi ed, there is little
understanding as to why these di erences exist, what makes live streaming activities so engaging and popular in
China, and what we as the designers of live streaming platforms can learn from their use.

To better understand this socio-technological phenomenon, we conducted a mixed methods exploration that
included an online survey (N = 527) and interviews (N = 14) with regular users in China. The survey queried the
motivations behind engaging with live streams and live streamers, in addition to the ‘rewards' viewers provide to
streamers, and other methods of interaction they have with streamers o the live streaming platforms. Our results
revealed that Chinese viewers are more interested and engaged in live streams about the personal experiences of
strangers than they were in the experiences of their friends, live events or civic content, contrasted prior results on
North American live streaming usage. We also found that reward-based systems and fan groups on instant messaging
apps further a ord social interactions between viewers and streamers and facilitate community building. We provide
an overview of the opportunities and challenges of live streaming exposed by this research, to inform the design of
future platforms and services that support social live streaming.

3.2 Method

Inspired by the prevalence and popularity of live streaming in China, we explored the following research questions:

RQ1: What are the practices and motivations for watching and conducting live streams in China? How do they
di er from those in North America?

RQ2: What type of interactions between viewers and streamers take place? How are these interactions di erent
from those in North America?

RQ3: What mechanisms exist to reward streamers or show one's appreciation for their content? How do such
mechanisms a ect engagement with a streamer?

RQ4: What are the factors contributing to a viewer's engagement [122] while watching live streams? How do
they di er from previous work?

3.2.1 Data Collection: Survey

To explore these questions, we adapted the methods of Rader et al. [135] and Baumer et al. [9], who used an on-
line survey-based methodology to collect stories about issues related to computer security and Facebook non-use,
respectively. We developed an online questionnaire in a similar manner, using two types of questions. The ques-
tionnaire was rst developed in English with the research team, then translated into Chinese by one of the native
Chinese authors and validated by another.

The rst line of questioning probed the live streaming experience of viewers. These questions included mostly
yes/no, multiple choice, or 5 point Likert-style questions and focused on understanding whether the respondent is
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a viewer, a streamer, or both, how long s/he watches a live stream, which features of live streaming platforms s/he
uses most often, what factors of streamers attract him/her to keep on watching them, and other similar questions.
The items were adapted from existing survey study on live streaming in China [189], as well as previous research on
user engagement [54] (e.g., entertainment, sociality, information and interactivity).

The second set of questions were open-ended and probed live streaming experiences. Similar to Rader et al. [135]
and Baumer et al. [9], all respondents were asked to tell a story about a live stream they watched in the past three
weeks that they thought was the most engaging, creative, or enjoyable. They were also encouraged to provide a link
or a screenshot of the stream they mentioned. We also asked them to brie y describe interactions or features they
wish were provided in current live streaming platforms.

Recruitment

To avoid our results being biased by just one platform or certain groups of users, we used services from SoJump.com
to recruit respondents, which is a rm specializing in recruiting study participants in China. The survey was active

for 2 weeks in July 2017. We received 902 completed surveys, which we reviewed using manual inspection and
SoJump's data cleaning tools. In total, 375 responses were removed from the data set for one or more of the following
reasons: not being a live streaming user (257), failing our trap questions (12), time of completion (55), patterned
responses (36), or for providing fake or gibberish text responses (15); this cleaning method followed [54]. This left
527 completed responses for analysis. Each respondent who nished the questionnaire received a cash payment.
Our analysis of results was conducted in Chinese, and translated to enable broader collaboration with the team.

3.2.2 Data Collection: Interviews

To understand live streaming practices and some ndings from the survey data more deeply, we interviewed 14
participants who participated in the survey and agreed to participate in a follow-up interview (Table 3.1). The inter-
views were conducted remotely using video calls during August 2017. Each interview lasted about 50 minutes and
participants were provided with a 50 CNY honorarium for their time. The interviews were semi-structured, with
guestions about participants' current experiences regarding live streaming applications. Interviews were conducted
in Mandarin, audio-taped, and transcribed by the author who conducted the interviews.

3.2.3 Analysis

Responses to the open-ended questions were analyzed using an open coding method [24]. The two native Chinese-
speaking researchers coded the rst 10% of responses and met to gain consensus on their codes. The leading author
coded the remaining responses and met with the second coder to reach agreement. All the codes were then translated
into English and were discussed by the broader research team using a nity diagramming to group and nd emerging
themes. The transcription of the interviews was analyzed in the same way as the open-ended questions in the survey.
We employed factor analysis to cluster sets of questions about engagement, in order to nd signi cantdi erences
in the patterns of the data. Factor loadings were derived through principal component decomposition [77] and then
rotated using the varimax (orthogonal) rotation, following a similar approach as in [72, 96].

3.3 Findings

The results have been organized based on the themes that emerged from the a nity diagramming exercise. We
rst present a demographic pro le of the respondents and then detail users' motivations and general practices while
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Table 3.1: Summary of interview participants' demographic information and location (within a 9-sector grid of
China).

ID | Gender| Age| Years of Use Has Streamed Frequency of UST Location | Platforms used
Themselves | intimes/week

PL | F 21 | 3 Yes 7+ Southwest| Douyu, YY

P2 | M 29 | 05 No 3 Midwest Douyu

P3 | M 34 |1 Yes 3 Southwest| Douyu, YY

P4 | F 27 | 2 Yes 2 Mideast Huya, Kuaishou

P5 | M 33 | 0.5 No 4 Midwest Douyu, Yizhibo

P6 | M 28 |1 No 3 Northwest | YY, Panda

P7 | M 39 | 2 No 2 Mideast YY, Momo

P8 | F 31 | 15 No 7+ Southeast| Douyu, Kuaishou

PO | M 35 | 0.5+ Yes 3 Northeast | YY, Huya

P10| M 23 |1 No 5 Southeast| YY, Yizhibo

P11| M 26 | 15 Yes 4 Mideast Douyu

P12 | M 32 |1 No 3 Northwest | Kuaishou, Panda

P13 | F 22 | 2 Yes 7+ Southwest| YY, Huya

P14 | F 24 |1 No 4 Northeast | Kuaishou, Huya

using live streaming apps, what the reward system a orded, and the importance of fan groups on instant messaging
applications, the characteristics engaging streams had in common, and the factors contributing to engagement. We
present a fusion of the open-ended questions in the survey and the interviews to explain the ndings in greater detail.

3.3.1 Pro le of Respondents

The questionnaire took on average 20 minutes to complete (M=20.30, SD = 15.49), and was completed by 243 males
and 282 females (Figure 3.3). Respondents reported being full-time students, managers, developers, researchers,
teachers, professionals, and so on. The age and education level distributions align with previous market report [17]
and research [189] about live streaming users in China.

Of all the respondents, 363 only watched others' streams but did not stream themselves, 14 streamed themselves
but seldom watched others, 45 spend more time streaming themselves than watching others, and 105 spend more
time watching others than streaming themselves.

Respondents reported using multiple live streaming platforms, with an average of 4 platforms per respondent
(M=3.9, SD=3.1; Table 3.2). We note that similar to previous reports on live streaming in China [17, 189], the most
popular apps were all well represented in our respondents responses, and most respondents (93%) used mobile ver-
sions of the live streaming services. Although most platforms have a variety of genres of streams, viewers chose to
use di erent platforms for di erent content, for example, Douyu is more for games and performance while Kuai
Shou is for dramatic performance (P7).

Respondents reported that they found live streams of interest via content shared by friends (60%), via browsing
featured streams (59%), or via the leaderboard of streamers (57%). This indicates that views could be skewed to the
most popular fraction of streamers who were featured on the platform or had lots of fans, similar to ndings of [157].
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Figure 3.3: Distribution of age, highest level of education, location, and experience with live streaming.

Table 3.2: Respondents' usage of live streaming services.

App Name| #ofUsers % || App Name | #of Users %
Douyu.tv | 287 54.46%|| Panda.tv 131 24.86%
YY Live 263 49.91%| YiZhiBo 104 19.73%
Momo 210 39.85%| Long Zhu 88 16.70%
Inke 200 37.95% | Qi Xiu (X.pps.tv) 81 15.37%
Kuaishou | 198 37.57% | Lai Feng 74 14.04%
Hua Jiao | 188 35.67%|| Ha Ni (ihani.tv) | 49 9.30%
Huya 157 29.79%|| Xian Dan 44 8.35%
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Figure 3.4: Responses to What kinds of live streams do you enjoy watching the most.

The average time spent watching a single live stream was 62.0 minutes (M=62.0, SD=33.6). Respondents also
spent on average 7.2 hours (M=7.2, SD=5.0) per week watching live streams, demonstrating that most respondents
were regular live streaming users.

3.3.2 Motivations for Watching

More than half (69%) of respondents reported that they watch live streaming to relax, while 55% reported being
attracted by certain streamer. Killing time, making more friends, communicating with others and sharing life, shar-
ing their point of view, nding a community, or desiring to gain new knowledge were also reported as important
motivations for watching live streams.

The comments from interviewees also provided other motivations. For example, some reported watching live
streaming because they felt lonely and wanted to seek comfort and the feeling of company. Others sought out ex-
periences that were di erent from their own social lifd/e seldom have parties in China. Sometimes | really want to
escape from my close-tie or the circle of my fellows, and live streaming provides a perfectRila.c8doneraso
mentioned motivations for seeking speci c informatiddefore | went to Hong Kong for a business trip, | intentionally
watched a stream from a local streamer for some advice and her own recommend@faas for food

3.3.3 Dierent Activities and Topics of Non-Gaming Live Streaming

With regards to the content that was most favored by respondents, there were a variety of activities that viewers had
a high interest in watching (Figure 3.4). We now elaborate our understanding by further analyzing the stories from
the survey, and mainly focus on topics and activities not explored in previous literature.

Sharing Personal Experiences

Streams that were conversational in nature, whereby the conversation was between a streamer and a group of
strangers, were very popular with respondents (131 responses in total). Sixty-eight of the responses were about
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streams where the streamer was a non-celebrity and shared their real-life story or personal experiences. In other
streams, conversations centered around performing or playing video games, but the emphasis was on engaging in
the conversation with others who were not one's own friends. This desire to talk with others who are not part of
one's traditional social circle di ers from previous live streaming research [96].

Most streams that were told about focused on meaningful, serious topics, such as dealing with the pressure from
work or family, work-life balance, career planning and development, dealing with relationships, marriage, raising
the next generation, or supporting one's parents. Given the pressure that most Chinese adults from 26 to 35 years old
face from their career and their family's expectations for marriage and descendants, live streaming seems to provide
a medium through which such individuals can have a social support system without disclosing too much information
or involving those close to them.

It's really bene cial to have interactions with streamer and viewers. | can release the pressure from my daily
life, my work, my family, children, parents, and high pace of life of modern society, through discussion with
the streamer and viewers during the stream. Peers around me cannot fully unders(a884)y pain

With streams that were more serious in nature, some streamers announced the topic to be covered during the
stream in advance. As noted by S18Be streamer noti ed all the fans in advance that the topic would be marriage,
which attracted a lot of fans. The streamer told about experiences of her friends, with unique and thorough perspective
Feeling her emotion and the realness of the story, | was inspired by the stré&hin gaxathjiewers more time to
think about the topic and potentially inspire deeper conversations much unlike the live and unpredictable nature
of most North American streams.

There were some conversational streams mentioned that were focused on streaming itself, i.e., the streamer
shared his/her own life experience, how s/he became a popular streamer, and maintained and got more fans. Viewers
appreciated the inspiration and positive attitudes conveyed by such chatting (S343), as it gave them opportunities to
know more about streamer because they did not appear to be into streaming to gain popularity or fame, but enjoyed
the activity itself and were willing to share this joy and their process with others. In many cases, this stimulated one's
willingness to follow the streamer, as mentioned by P13.

Performance

Watching amateur or semi-professional spontaneous performances was also a very popular streaming activity to
watch (i.e., 125 responses in total, with 85 singing responses, 19 talk show responses, 13 dancing responses, and
others included magic tricks, playing music instruments, and performing unique skills like xiangsheng (i.e., Chinese
comedic crosstalk) and ventriloquism).

Most streams in this category took place indoors, and were performed by beautiful women or men who were
amateurs. They had other professions, even high education level, but really liked performing for fun, to attract fans,
orto realizing early dreams in [f8121). Respondents reported appreciating the personality, taste, temper, and the
humor of streamers, and enjoyed chatting with the streamer on topics about his/her personal live or current a airs.
Although she is not a professional singer, her performance is of high quality and makes me hagpy#and relieved

Viewers also appreciated the live and unedited nature of these performances, and enjoyed the interactions with
the performer and other viewers, e.g., asking the streamer to sing a speci ¢ song and getting a response in real time,
or listening to the stories related to the songs and commenting on them. The improvisational nature of such streams
has resulted in a new form of improvisational music, Han Mai (a form of rappingH83jnce rewarded some of his
fans by writing lyrics of a Han Mai with stories of his fans and performing it, which moved a lo(®1 2@ fans
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Knowledge Sharing

Another popular set of topics for live streams were those relating to acquiring new knowledge (92 responses, among
which Cooking had 33 responses). Di erent from Ask Me Anything style streams [157], where viewers ask questions
about certain topic and the streamer answers them, these streams were more like lectures or a training sessions, where
the streamer talked about the topic, showing the procedure or essential information using slides or other media, and
answered questions from viewers. Most streamers who do this also sought to provide a series weekly of streams on
certain topics, which made the streams more like a series of live, online courses.

Such topics often included, formal knowledge (e.g., language learning, graduate school entrance exam prepara-
tion, college-level mathematics, psychology, nance and investment, Chinese traditional culture or techniques, etc.)
or informal knowledge (e.g., cooking, interview skills, pick up skills, antique evaluation, skin-care, personal health,
baby-care, tness, DIY etc.). Cooking was especially popular, due to the oft complexity of Chinese culinary skills,
as noted by P6Since some Chinese recipes don't provide accurate instruction on amount of ingredients to be used anc
accurate time of the cooking, it's really helpful to watch the streamer cooking in real time, and even cook along with the
streamer.

The streamers usually share such knowledge in a relaxing and entertaining style rather than preaching. The
viewers appreciated this kind of streaming, because they could learn something in a fun, interactive way (P3, P10).
Viewers also appreciated the possibility for customizing practices of certain knowledge enabled by live streaming. As
noted by our respondent§ here're di erent methods for keeping health using Chinese medicine, but it's hard to choose
the appropriate methods and right medicine501. Live streaming enabled viewers to learn from the experience
of the streamer and other viewers, and to ask customized questions and get them answered in real time.

Outdoor and Travelling

Anew category that emerged in the responses was the desire to see streamers travel and be outdoors (i.e., 67 responses
in total, with 26 of them about outdoor activities, such as surviving in the wild, adventures, hunting, hiking, or
climbing mountains). Viewers liked the thrilling feeling and the novelty of such streams, since such streams took
place in locations where viewers seldom go to, and they knew it was real and unedited because it was live. They
reported holding their breath for the streamer and worrying about their safety, while trying to learn some outdoor
skills, as noted by S404watched a stream about downhill climbing at a 300-metre-high cli, which was thrilling and
exciting. The streamer told us about how to do downhill climbing and how to warm up through his detailed demonstration
| learnt a lot from it

Outdoor streams also provide lens to view society from the streamer's perspective, while without live streaming
such behavior may be socially awkward. Some streams involve streamers streaming outdoors while interacting with
passers-by, who were in their natural settings and reacted authentically. Viewers liked being able to observe these
people and discuss the interactions that resuliechakes me realize how people from other places di er from me in
behaviors, attitudes, and values, which helps me to understand our society mqelhproughly

E-commerce

Another novel category of streaming that was popular came from live streams that were selling (mainly on Taobao,
the Chinese largest e-commerce website). Although akin to North American infomercials, this is a unique category
which is seldom seen in previous literature. Products ranging from books, clothes, health-care products, skin-care
products, to even cars were demonstrated and shown in live streams. When asked if they would like to try the
goods recommended by the streamer, respondents reported an average likelihood of 3.64 (M=3.64, SD =0.77), which
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Figure 3.5: Respondents' reported use of live streaming features in the month preceding the survey.

indicated that it was likely that they would try. This suggests that some viewers were in uenced by the streams and
may trust the streamer's recommendations.

Unlike the traditional pre-taped infomercial, respondents appreciated the ability to view the product directly,
ask the streamer to show di erent perspectives of the product, see the process of the crafting of the goods, and ask
detailed questions about the product. P4, who is a frequent consumer on Taobao, also noted that live giikeming
me chance to get to know other consumers in the stream, and | prefer to trust them rather than the streamer, as long as tf
don't seem to be shilich e-commerce streaming highlights that live streaming is beginning to integrate with other
mobile apps viewers use frequently, thus bringing additional opportunities and challenges for these services. It also
suggests a potential avenue for the next generation of infomercials in North America.

3.3.4 Social Interactions in Non-Gaming Live Streaming

In terms of the interactive features that respondents use, commenting to express self-emotion, to communicate with

the streamer or other viewers, or to send free gifts to the streamer, were frequently reported (Figure 3.5). Besides
commenting, becoming a guest and video-chatting with a streamer during the stream was an important way for
viewers to interact with the streamer. Although it is not used frequently, some interviewees reported that they liked

the direct and lasting communication channel and the ability for collaboration during the stream that it a orded.

Others found the guest sharing his/her own stories and performing together with the stréamserd fresi{S91).

Being able to communicate directly can facilitate deeper conversations, as S518uririgdjideo-chatting with her

| realized that we had some friends in common but we haven't met in person. After that we became very good friends |
real life Participants did express some privacy concerns about being a so@stone can identify me even if | just

reveal my voicg”10).

Although we did not focus our study on streamers, 164 respondents regularly broadcasted, and 6 of our interview
participants had streamed, with 2 of them being regular streamers. When asked about motivations for broadcasting
themselves, most reported that they wanted to share their life with others, show their talents, or make more friends.
The need for branding, which is shown to be the main motivation of streamers on Periscope and Meerkat [157],
was a small part of their motivation. Most reported seeking to satisfy their social netgsm mostly to share my
experience with others who share the same interest with me, and to get a sense of accompany {@#tidi. being alone
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Gifting

On Chinese live streaming platforms, sending free gifts are similar to liking a social media post [145] or hearting

a stream [157], but with di erent visual designs and more opportunities to show one's personality. Live streaming
platforms in China also o er the opportunity for further interaction between a viewer and a streamer, whereby a
viewer can purchase and send a virtual gift to a streamer during the live stream. When a viewer sends a virtual
gift, a message is displayed to all viewers of the stream, thus serving as a public broadcast of one's admiration and
appreciation for the streamer. As noted by Rhé oating and ashing gifts on the screen were just like uorescent
sticks of a concert, which echoed the streamer's perfdoeoeirage repeated giving, a leaderboard of the top

gift senders is visible to all viewers, and all viewers are noti ed when a top gift sender joins the stream. Streamers
can receive a portion of the value of the gifts, and the rest goes to the platform.

Surprisingly, many respondents reported sending paid gifts (66%). This was commonly done because the viewers
liked the content, they wanted to show support for the streamer, they wanted to reward the streamer, or they simply
liked the streamer. Gifting with fancy animations provided viewers with a means of self-expression. P13 noted that

sometimes sending virtual gifts works as my special way of saying hi to theZmetedgBometimes | send gifts
just as a creative Danmaku to show my agreeance with the streamer or otlbsviesagesis similar to the use of
emoji and stickers [190], which express rich and subtle emotions that cannot easily be conveyed by text alone.

Paid virtual gifts also allow streamers to wade through the large number of messages that may be sent to a
streamer more easily, because viewers who want to demand attention can pay for virtual gifts. Some viewers sent
paid gifts with the intention of catching the streamer’s attention to lower the chance of their comments being ignored
by the streamer, especially when asking speci ¢ questions or sending a special request to the streamer. P3 noted that

Since | paid for it, it would stay much longer than text comments. It's really important if you want to catch the attention
of the streamer when there are over 10,000 concurrent viewers sendintndbisweagtghey no longer passively

watched the stream, but were active participants, in uencing the content of the stream more so than those who do

not send gifts. For example, P13 noted thamce sent a giftto let the streamer sing a song | like heégtaibes who

sent gifts can also develop a further connection with the streamer, such as becoming the moderator of the chatroom

and getting a chance to have private contact with the streamer. One story told¢adly liked her performance and

paid for a lot small gifts for her. Then | became the “guardian’ of her chatroom and we became good friends afterwards
(S152).

Our data also revealed several problems with gifting, which may result in viewers not being willing to pay for
virtual gifts. One problem is that the threshold needed to satisfy a streamer can be raised if s/he continually receives
expensive gifts. Such behavior, however, is visible to all viewers, which makes some unwilling to pay for more gifts.
As noted by P2Now | don't send gifts very often. When someone had sent gifts worth of 12000 RMB, | think it doesn't
make sense to send gifts worth of 50 RMB to the streamer. She won't pay extra attertiwottaeypraplem is
that the bene ts of sending gifts do not accumulate e ectively, as noted by | have sent several gifts to the
streamer and developed friendship with him, sending more gifts doesn't have more Samedsteamers even
treat gift-senders di erently from non-gift-senders, which most of our participants were aware of and said would
impact their impression of a streamer.

In addition to providing gifts within a streaming platform, 51% of respondents indicated that they had rewarded
streamers through other external channels, such as WeChat Red Packets [180], money transfer through AliPay (similar
to PayPal), or by physically mailing the streamer gifts. P14 nidtedle ordered food online late at night for my favorite
streamer who was working hard on her str€himb¥ehavior demonstrates that as viewers and streamers develop a
friendship, they begin to disclose more personal information, such as online accounts or addresses.

Gifting is also not a one-way exchange. Several respondents revealed that sometimes streamers reward fans
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during the stream. As noted by S19Be streamer was wearing a costume with a lot of red packets on it. We could get

a chance to pick one packet if we correctly answered a question about content in her previous streams. A lot of fans we
participating Two participants (P3, P13) mentioned that they had rewarded their fans in the group chat by sending

money through red packets on WeChat or QQ [180]. Interestingly, they did not nd that group members were
reluctant to open red packets, even though previous research has suggested that people are protective while getting
involved in nancial activities with strangers [180]. Some streamers also send gifts to each other during a stream, as

a way of social exchange and maintaining guanxi, the ties between individuals fostered through exchanges of favors
[182], on the platform.

Fan Groups

Unlike North American live streams, where interaction is typically restricted only to the platform or Twitter, stream-

ers also interact with viewers through other channels. Instead of using the built-in community in live streaming apps,

or leveraging social networks like Weibo, most streamers build fan groups on instant messaging apps such as WeChat
or QQ, which is an integral part of daily life in China [190, 107]. The fan groups are group chats, with features to
support multiple modalities of messaging beyond text, including emoji, stickers, voice, image, video messages or
URLSs to share other web pages. Such functionality is currently missing in the commenting systems of live streaming
apps. Streamers usually put the information of fan groups in the banner of their pro le pages or show it directly on
the screen during their streams, so viewers can join the group by searching for the group chat ID or scanning the
group QR code.

One reason a streamer (P3) mentioned for not choosing the built-in group chat function on live streaming plat-
forms is that There are a lot of spams or even trolls in the group. On the other hand, | use WeChat and QQ more privately,
and | check messages in WeChat or QQ more frequently than live streaming apps

As mentioned by the two other participants who regularly stream, fan groups were used to send noti cations
about going live, asking for feedback about certain streams, or asking the viewers about their interest. The fan
groups are thought to be more suitable for these purposes, as noted by P7,

I normally don't ask for feedback during my stream, since there are too many people sending comments, but
few would give constructive suggestions. People in my group chat, on the other hand, care about me much
more, and | really appreciate the suggestions they gave me.

Over half of the respondents (56.4%) had joined the fan groups of streamers. The most common reasons why
they joined were to communicate with streamers and other viewers, to gain more information about the streamer,
or simply to make more friends in the group. As P14 notadade a friend in the fan group of my favorite streamer.
We regularly chatted in the group and went along well, so one day | sent a request to him to add him as a contact in WeCh:
and we became friends afterwards

3.3.5 How Non-Gaming Live Streaming Engages Viewers

Based on our analysis of our data, several elements were found to increase one's engagement with a live stream.

Streamer Personality and Skills

Many positive characteristics of streamers repeatedly emerged in our data, including welcoming, good-tempered,
polite, honest, authentic, kind, empathetic, patient, grateful, impartial, hard-working and positive. Viewers also
liked good voice, humor, story-telling skills, inter-personal skills, skills to handle awkwardness, and skills to deal
with trolls wisely. Viewer's identi cation of these characteristics requires a deeper level of attention to the stream.
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Table 3.3: Factor Analysis with 4 factors derived
Items (all in the form of X is very important

Factors to the engagement of the stream) Factor loading
Content and Eorm of the Stream Talents .and persongllty of the streamer 0.661
Alpha = .64 Interesting or meaningful content 0.797

) Innovated form of live streaming 0.483

(inter-item correlation) Being able to access previously unknown knowled@e644

Aesthetics The Ul and visual design of the app 0.566
Alpha =.39 Streamer's appearance 0.813
Sending and reading comments in the stream 0.754
Communication with Others Communicate with peer viewers 0.794
Alpha =.77 Keep in touch with the streamer 0.576
Joining the streamer's fan group 0.589
Being able to feel streamer's emotion 0.463
Emotional Reactions Improvisation and uncertainty of the stream 0.635
Alpha = .69 Sending gifts to the streamer 0.766
Leading in the leaderboard of gift-senders 0.736
Atmosphere

Many responses mentioned that the most engaging streams have a good atmosphere that may come from including
music of good taste, classy background decorations, light of the setting, the relaxing and pressure-free style of the
streamer, and the polite behaviors and friendly comments of other viewers. A good atmosphere may help viewers
stay watching longer and be more engaged in the stream.

Novelty

Viewers also seem to be more engaged in things they have not experienced, places they have not been to, knowledge
they do not have access to before, and unexpected results. Therefore, they like to watch streams about traveling or
outdoor activities, or streams with exaggerated behaviors.

Authenticity

Viewers also like the authentic nature of live streaming. Although some planning of the stream is essential and
bene cial, viewers do not like the content and settings to be too arti cial, but prefer them to be close to life. As
mentioned by P5, who liked watching the live behind-the-scenes streams of a popular variety show on TV, live
streaming provides a chance for me to know something that would be cut on the nal version of the showon TV.

Factor Analysis

Data from 14 questions of 5-point Likert scale related to live streaming engagement was used to help nd latent
factors that explain the variance found in the questionnaire responses and the importance of these factors to the en-
gagement of viewers. Kaiser-Meyer Olkin measure of sampling adequacy is afoVED.6 :844), and Bartlett's
test of sphericity was signi cagX 2(91) = 1926:9; p < : 05), which indicated that the sample was factorable. The
factor analysis yielded 4 factors with eigenvalues more than 1 (Table 3.3). Each item was included within the factor
with which it had the highest factor loading, and we averaged items in each factor.

Content and Form of the Stre@ts4.29, SD=0.53) was found to be the most important factor for engagement
in a stream. Thus, the diverse content streamed on Chinese live streaming platforms are the key to their popularity.
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Di erent people can be attracted to streamers with di erent talents and personalities, diverse content, novel forms
of performance, or previously unknown knowledge.
AestheticM=3.84, SD=0.63) indicates the importance of visual elements, such as the Ul, the appearance of the
streamers, and even decorations of the background. This is also related to Atmosphere in the Engagements section.
Communication with Otheffgl=3.66, SD = 0.70) is also thought to be important, highlighting the importance
of social interactions with others during live streams (through commenting) and beyond (through fan groups).
Emotional Reactio(ig=3.53, SD=0.68) is an interesting factor, since its composition indicates that gift sending
can be quite emotional. Several stories in our data echoed this, as S38Ahat&d,thought he was close to losing
the game (LoL), but suddenly he came back and won the game by his adept operation. | was so impressed and spent ne
the expense of food for half a month to send him gifts

3.4 Discussion

We now re ect on our ndings of how live streaming apps were used for engaging with non-gaming content in
China and compare our results with other prior research on live streaming. We provide insights to inform future
research and design in the HCl community.

Our results echoed those found prior in that viewers liked the authentic, unedited nature of live streaming [157]
and the community fostered from the streams [55]. The contentis also less important than the way streamer performs
it, as found in [152] that content structure is king . However, live streaming practices in China di er in several ways.

One big di erence is that streams about politics [54] or civic content [35] are rare in China. Although some
streamers sometimes banter about current a airs, such content constitutes a very small portion of their streams, and
they do so more for gaining attention than for informing viewers of civic content. We conjecture that censorship
is one reason, as found in [107] that people in China seldom post about politics to avoid placing themselves in
potentially di cult situations. All live streaming platforms in China require users to verify their identity before
going live or commenting, which may have a dampening e ect. Another reason may be that young Chinese people
tended not to be interested in democratic political systems [102]. Interviewees also noted that WeChat or Weibo are
used more for following news, while live streaming is more for pure entertainment or learning.

The interviewees perceived little negative content, though reported trolls and inappropriate content being streamed
on public channels. They noted that trolls are often blocked by the streamers or their moderators, and inappropriate
content is often cut o by the o cial platform regulators. They also viewed regulations and censorglupitage
forces to reduce content that may be undesirable or negative.

We found motivations for using live streaming aligned with the hot and noisy principle ( renao ) that Chinese
people use social media for achieving a harmonious ambience of social life [167]. People use live streaming for more
pleasure, more chances for socializing with others, and a feeling of being trusted and accompanied by others. The
interviewees also mentioned having added streamers or peer viewers as their contacts on QQ or WeChat who were
strangers before, showing the willingness to befriend and communicate with strangers online [167]. Live streaming

provides a perfect place for befriending strangers in a socially acceitaple way

We also noticed di erent attitudes towards watching friends' streams. Previous work shows that when viewing
live events, people interact more on friends' live streams than strangers' [54, 96]. However, when asked about watch-
ing friends' streams, some participants said they preferred to watch more popular streamers who were strangers,
especially if their friends just showed their daily life, although they would like to support and trust their friends. The
reasons they mentioned were their needs to keep a distance and respect their privacy, familiarity and potential bore
of the streams, having other channels for better interactions, and awkwardness that might incur.
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Sending virtual gifts and forming fan groups may be rooted in some cultural di erences. Previous research has
shown that Asian users prefer multi-party chat, audio-video chat, and IM emoticons [74], which may be why they
use private chatroom services that support multi-modal messaging for community building rather than Facebook or
Twitter-like public social networks. Chinese people think highly of guanxi [182] in social interactions, which may
be why they reward streamers with virtual gifts. They may perceive the rewarding process not only as a consumer
behavior, which can be an impulse purchase, but also a social interaction for circulating guanxi and keeping “face'
[182]. Virtual gifts also act as channels supporting social dialogues [85], “currency’ of social capital [182], and souvenirs
[158].

Our ndings echo previous research about live streaming as a virtual third place [55], or informal public spaces
where people engage in socializing with others and form communities [123]. We also show that fan groups are
another third place. Live streams are open to all and public, with synchronized communication, and to some extent,
ephemeral messages (i.e., once the stream is over, the chat cannot go on in context and hard to resume), while fan
groups are closed and private, with both synchronized and asynchronized communication, permanent messages, and
multi-modal channels, which complement the nature of live streaming. Viewers keep engaging in these additional
third places and seem to build more trust from communication with each other, e.g., they begin to disclose personal
information or even meet up in person o ine.

3.5 Implications for Design

Based on our results, we now provide insights about how to design for better social live streaming experiences.

3.5.1 Supporting Deeper and Richer Interactions

The practice of leveraging fan groups for casual communications within the community indicates that viewers desire
deeper and richer interactions with other viewers and streamers. Besides multi-modal messages, some participants
even desire to convey the feeling of applauding or remotely hugging the streamer, or being able to feel, taste or smell
objects in the stream. Solutions to how to make such interactions less intrusive and interrupting, and how to control
trolls in the form of new modality, will be challenging to create. For example, future work can explore how to design
customizable multi-modal gifts to support richer social interactions in live streaming.

3.5.2 Live Streaming within Non-Entertainment Contexts

Our results showed that live streaming has penetrated other services, such as e-commerce and online education.
As the current design of live streaming applications is to support entertainment it remains to be seen how to best
redesign live streaming apps to support the unique challenges of these diverse experiences while still maintaining a
sense of community, reward, and authenticity. For example, for educational streams, it su ers from low e ciency
and requires intense preparation for streamers. Future work can explore how to make it more e cient, and how

to design tools to engage online learners and the crowd and support collaborative preparation of live informational
content.

3.5.3 Leveraging Live Streaming for Social Good

We found that some streamers have already began to use live streaming to showcase traditional cultural art forms
and artifacts. We envision this as a chance to preserve endangered cultures by exposing them to a broader audience
to raise cultural awareness. Knowledge and experience sharing streams are also beginning to attract older adults to
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watch and engage in live streaming. We should thus design better social interactions for these older adults to feel less
excluded from live streaming, and design community-based mechanisms that would engage them.

3.6 Conclusion

We empirically examined user's live streaming practices in China to better understand such social-technological
phenomenon, which has a large and ever-growing market, and di erent content types, compared to those in North
America. By understanding the motivations, practices, social interactions that occur beyond the streams, and the
important factors of engagement, we identi ed that the unique challenges and viewing behaviors encountered with
Chinese live streams can be used as blueprint for the future of North American and European live streaming plat-
forms and services. Our work also outlined the importance of expanding thinking about the current demographics
of users, live streaming within educational and nance applications, and the needs to support deeper and richer
interactions between viewers and streamers.

The ndings of this study motivated me to further investigate viewer engagement in non-gaming live streams and
to understand what are the motivations of streamers who share their skills and knowledge that they have expertise
in via live streaming, including some traditional cultural practices that are endangered, and what challenges they
are faced with regarding engaging their communities and sharing knowledge or skills. | thus conducted two follow-
up studies, one to more deeply understand what maltoor live streamirggaging for viewers (Chapter 4),
and another to explore the practices of sharing knowledge and traditional cultural practices through live streaming
(Chapter 5).



Chapter 4

Understanding Outdoor Live Streaming
in China’

4.1 Outdoor Live Streaming in China

Outdoor live streams are live streams where streamers broadcast themselves engaging with the outdoors in real life,
often via travelling or socializing with passersby, and are increasingly popular amongst viewers [101] . During these
live streams, a single streamer (or a small team of 2 or 3 people) travels to a far away destination and documents
their journey or goes into the wild and performs an outdoor activity such as mountaineering, shing, or hunting.
Live streams where streamers go outside and interact with random strangers on the street or drive in a Didi (i.e.,
Uber) are also part of this genre. Given the unpredictability and reality of these environments and the potential
risks involved when interacting with strangers or performing extreme activities, this genre of live streams is gaining
immense popularity in China. According to Toubang.tv, i.e., a Chinese website that collects and aggregates streamers
statistical data on daily viewership and gifting income, 14 of the top 100 most popular streamers across all streaming
platforms in China in March 2019 were outdoor live streamers and the remaining 86 streamers were videogaming
or live performance streamérsThe popularity of outdoor live streamers in China suggests that live streaming
must have unique a ordances that encourage viewers to watch the streaming of such activities and subsequently live
vicariously through outdoor live streamers.

Understanding how users experience outdoor events or activities through live videos has been of interest in HCI
and CSCW for several years because live videos can make shared experiences more vivid, by intertwining physical
and virtual experiences, while also enabling social interaction [27]. Most investigations have explored the sharing
of live videos between close-tie relationships [67, 119], live broadcasts from communities of amateurs or spectators
[36, 38, 138], or outdoor public live events [54]. Few studies have explored the facets of streaming a broader range of
outdoor experiences on streaming platforms that have potentially millions of viewers who watch and engage with
the streams.

To better understand the emerging socio-technological phenomenon of outdoor live streaming in China, a mixed
methods study including a survey (N = 287) and interviews (N = 20) was conducted with outdoor live streaming

1Edited reprint with permission from Vicariously Experiencing it all Without Going Outside: A Study of Outdoor Live streaming in China
by Zhicong Lu, Michelle Annett, and Daniel Wigdor, 2019Prisceedings of the ACM on Human-Computer Inteidc@SCW, Article 25
(November 2019), 28 pages., Dititips://doi.org/10.1145/3359127 . Copyright 2019 by Lu, Annett, and Wigdor. Publication rights
licensed to ACM.

2http://www.toubang.tv/anchor/mutile.html
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viewers in China. The survey queried the practices of, and the motivations behind, engaging with outdoor live
streams, streamers, and other viewers, how viewers provide support to their favorite streamers, how viewers decide
which outdoor live streamers to watch, and how viewers perceive their relationship with outdoor live streamers
and the community. Our results revealed a diverse range of outdoor activities were being broadcasted by streamers,
with the most surprising category being live outdoor shows that involved couples or guest stars on the street. We also
found three distinct segments of the viewing audience: one of which watches live streams for excessive lengths of time
and is heavily engaged in in-stream activities in the streamer's community, another who watches for shorter lengths
of time and is casually engaged with the streamer's community, and a third group that watches outdoor live streams
for information and to gain knowledge about outdoor activities. We provide an overview of the opportunities and
challenges outdoor live streaming presents to the design of live streaming services to better support outdoor live
streaming activities.

4.2 Method

Inspired by the growing popularity of outdoor live streaming in China and the di erences between outdoor live
streaming content and videogame or live performance live streams, a mixed-methods research methodology was
used to better understand the demographic, motivational, and situational contexts of those who watch outdoor live
streams. Although it would also be useful to understand outdoor live streaming from the perspective of streamers,
within this work we focus on understanding the viewer population because previous research has shown that popular
streamers are hesitant to participate in research [93]. This can be due to their agencies not allowing them to, them
not wanting to lose their competitive advantage, or them not having the time to do so. By focusing on viewers and
their motivations and practices, we can also learn about the in-stream and post-stream communities of streamers, a
facet of live streaming that is unique to the Chinese context.

4.2.1 Data Collection: Online Survey

To understand the viewership, content, and context surrounding outdoor live stream viewers, an online survey was
developed with both closed-form and open-ended questions. The survey was modelled after survey methods previ-
ously used by Rader et al. [135], Baumer et al. [9], and Lu et al. [101] and was developed in English, then translated
into Mandarin by the rst author, a native Mandarin speaker. The translation was validated by another member of
the research team who is also a native Mandarin speaker. The English version of the questionnaire can be found in
the supplementary material. The survey took approximately 10 30 minutes to complete, depending on the detalil
that was provided within the open-ended questions.

Multiple online platforms were used to recruit participants, including wjx.cn (i.e., a rm specializing in recruiting
study participants in China, used in previous research such as [101]), outdoor live streamers' Yuba (i.e., the built-in
forums of Douyu.tv), outdoor live streaming forums on Baidu Tieba (i.e., the built-in forums of Baidu), and outdoor
live streamers' chatgroups on QQ. Only Chinese-speaking adults who had previously watched outdoor live streams
were recruited. Screener questions ensured that all participants met this requirement. Participants were provided
with a 15 CNY ($2.20 USD) honorarium for their participation in the survey. The survey was active for 2 weeks
in February of 2019 and a total of 302 responses were collected, with 220 responses from wjx.cn and 82 responses
from the forums. Fifteen responses were removed from the data set because the respondent had not watched outdoor
streams, the respondent failed trap questions, the time of completion was too short, responses followed a distinct
patterned, or gibberish text was provided for the open-ended questions. A total of 287 completed responses were
thus used in the analysis.
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4.2.2 Data Collection: Post-Survey Interviews

To garner a deeper understanding of the survey responses and trends that were identi ed in the data, follow-up
interviews were conducted with 20 participants who participated in the survey. The interviews were conducted
using video calls in March 2019. Each interview lasted about 45 minutes and participants were provided with a 50
CNY ($7.40 USD) honorarium for their time. The interviews were semi-structured, with questions probing partici-
pants' experiences watching outdoor live streams, what they found engaging about outdoor live streaming, and their
concerns about outdoor live streaming and outdoor live streamers, among others. Interviews were conducted in
Mandarin, audio-taped, and transcribed by the transcription service i yrec.cn after removing identi able informa-
tion.

4.2.3 Analysis

Responses to the open-ended questions and interview transcriptions were analyzed using an open coding method
[24]. The rstauthor and another Mandarin-speaking member of the research team coded the rst 10% of responses
or interview transcriptions individually and met to gain consensus on their codes. Then, the rst author coded the
remaining responses or transcriptions and met with the other Mandarin-speaking member to reach agreement on
the codes. The codes, along with relevant quotes, were translated into English by the rst author, validated by the
other Mandarin-speaking member, and were discussed by the research team to nd emerging themes using sub-
categorization and constant comparison [24].

4.3 Findings

Through the analysis of the survey and interview data, many unique facets of outdoor live streaming emerged.
Among other ndings, we identi ed that outdoor live streams contain a variety of sub-categories of content, some
segments of the viewing audience watch live streams for inordinate durations of time (i.e., over 300 minutes per
day), for some, outdoor live streams seem to replace traditional forms for entertainment (e.g., TV and movies), many
live streams have community curated Danmaku shows (i.e., live commenting) that occur concurrent with the live
stream, virtual gifting is shaped by the cultural elements of paimian, viewers enjoy content that allows them to live
vicariously through the streamer, and many viewers transition from videogaming or live performance live streams to
outdoor live streams as they mature. In what follows, data and ndings from the survey and interviews are presented
concurrently to improve readability and provide additional context for the survey response and emerging themes.

4.3.1 Pro le of Participants

The online survey was completed by 168 males, 116 females, and 3 people with an unspeci ed gender (Figure 4.1).
Many respondents were between the ages of 20 and 35 and were largely from developed regions in China (Figure 4.1).
All respondents had completed high school with 1% being college graduates, 68% holding a Bachelor's degree, and
8% reported having a Master's degree or higher. Respondents reported that they were students, managers, factory
workers, o ce workers, teachers, working professionals, and so on. The age and education level distributions of
survey respondents aligns with those found in previous live streaming research about China [101].

Respondents were familiar with outdoor live streams, reporting that they watched outdoor live streams for an
average of 12 months£12 months, =8 months; Figure 4.2). Thirty-eight participants (13%) had watched outdoor
live streams for more than 2 years. Although we speci cally recruited viewers that watched outdoor live streams,



Chapter 4. Understanding Outdoor Live Streaming in China

Figure 4.1: Distribution of the age and gender of the respondents in our survey.

Figure 4.2: Distribution of the months respondents reported watching outdoor live streams.
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Table 4.1: Summary demographics of the viewers interviewed in the follow-up interviews. No. 1-10 were dedicated
OL denotes Outdoor Livestreams.

viewers, while No. 11-20 were light and casual.

. . Times watching| Years Hours watching

ID | Sex| Age | Location Occupation OL per week watching OL| OL per stream
1 | M 27 | Chongging | Government 14-21 4 3-4
2 | M 32 | Sichuan Self-employed | 21+ 35 5-6
3 | M | 23 | Sichuan O ce worker 14 3 4

4 | M 22 | Zhejiang Student 7-14 3 3

5 | M 21 | Jiangsu Student 14 3.5 3

6 | F 22 | Shanghai | Student 7-14 2.5 3-4
7 | F 31 | Zhejiang O ce worker 21+ 2 3

8 | M 20 | Guangdong Student 14-21 15 3-4
9 M 28 | Fujian Factory worker| 21+ 3.5 4-5
10 | M 24 | Beijing Freelancer 14-21 2.5 3-4
11 | F 21 | Beijing Student 1-2 <1 <1
12| M 26 | Shanghai | O ce worker 3-5 2 2
13| F 28 | Hunan O ce worker 1-2 15 <1
14 | M 29 | Hubei Self-employed | 3-5 3 1-2
15| M | 21 | Shandong | Factory worker| 7+ 3 2
16| M | 20 | Jilin Student 1-2 <1 <1
17 | F 24 | Hebei Professional 3-5 2 2
18 | M 23 | Chongging | Professional 3-5 2 1-2
19 | M 27 | Guangdong Self-employed | 7+ 3.5 1-2
20| M 25 | Hunan O ce worker 1-2 1 1-2

viewers also reported watching other categories of live streams, including gaming (90%), live performances (87%),
social eating (72%), knowledge sharing (75%), etc.

For the follow-up interviews, 10 survey respondents who reported watching outdoor streams for an average of
over 3 hours every day (8 males, 2 females; Range =21 32 years old) and 10 survey respondents who spent less
than 3 hours watching outdoor streams every day (7 males, 3 females; Range = 21- 29 years old) were interviewed
(Table 4.1). As the survey data suggested that there were di erences between these two populations, interviewing
these respondents enabled us to better understand the de ning characteristics of these viewership segments.

4.3.2 Outdoor Live Streaming Technology Practices

Responding viewers used multiple live streaming platforms to watch outdoor live streams, with an average of 3
platforms per respondeiit = 3:5; =2:0; Table 4.2). Respondents reported using a variety of platforms, some
designed speci cally for live streaming and others with minimal live streaming functionality, if any. The most popular
platform was Douyu.tv, which is speci cally designed for live streaming and is one of the most popular live streaming
platforms in China [101].

What is more interesting is that four of the top six most popular platforms were those primarily designed for
video sharing, i.e., Douyin (TikTok), Kuai Shou (Kwai), Bilibili, and Huoshan. On these platforms, archived videos of
outdoor live streams and curated travel-related videos shorter than 1 minute are extremely popular and are shared
with others [97]. Although these platforms o er limited support for live streaming (i.e., followers can be noti ed
when their favorite content provider goes live), most viewers tend to watch shared, archived videos. These shared
videos are often the gateway for many to enter the world of outdoor live streaming (i.e., when asked how they initially
found outdoor live streams, 66% of viewers reported nding live streaming through video sharing apps while 39%
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Table 4.2: Participants' usage of various live streaming platforms. (*) denotes that the platform is primarily a video
sharing application or website with minimal, if any, live streaming functionality.

Platform % of User# Platform % of Users
Douyu.tv 64 Panda.tv 17

Douyin (TikTok) * 58 HuaJiao 7

Kuaishou (Kwai) * 41 Momo 6

Huya 35 ZhanQi 6

Bilibili * 33 QQLive 5

Huoshan * 29 Inke 5

YY 28 YizZhiBo 5

found outdoor live streams on live streaming platforms). In some cases, viewers continued watching archived videos
on these platforms, while others began using live stream-speci ¢ platforms to do so.

In terms of the devices used to watch live streams, most viewers used mobile phones to watch outdoor live
streams (93%). Because video sharing and live streaming platforms are speci cally designed to capture and consume
content on-the-go, this is to be expected. Viewers also reported using other devices such as tablets (38%), laptops or
desktops (31%), or TV casting devices (16%) to watch live streams. As these devices have a larger physical footprint, it
would be natural for some viewers to turn to them to overcome occlusion issues that occur when typing on mobile
phones, the small resolution and physical size of the viewing area, and distractions that occur from other mobile
applications (e.g., noti cations). These patterns of device usage may also be explained by looking at the contexts
where viewers watched outdoor live streams. Eighty percent of viewers watched outdoor live streams in the evening
or at night, after they had nished school or work. During these times, they watched outdoor live streams while
commuting (30%), having meals or snacks (55%), playing sports or exercising (21%) or while cooking or working
from home (41%). When these viewing activities are coupled with the substantial proportion of viewers who watch
live streams alone (86%) and the lengths of time viewers watch live streams (detailed in the next section), mobile
phones o er the exibility and mobility that viewers need to consume outdoor live stream content.

4.3.3 Segments of the Outdoor Live streaming Viewership Population

Two of the most surprising ndings that emerged from the survey data was the length of time that respondents
self-reported watching outdoor live streams and the frequency with which they watched live streams each week (Ta-
ble 4.3). On average, viewers spent 104 minute4.04 minutes, = 107 minutes) watching outdoor live streams,
almost universally watching one live stream continuously. Compared to previous ndings of Chinese live streaming
viewers who watched live streams other than outdoor live streams (i.e., 62 minutes on average while watching live
performances, videogaming, and so on [101]), this is surprisingly long. When digging deeper into the surveyed view-
ership, there appear to be three segments of live streaming viewership: those live stream viewers that spend less than
an hour watching a single live stream (i.e., light viewers; N=149), those who spent 1 to 3 hours watching a single live
stream (i.e., casual viewers; N=101), and those who spent more than 3 hours watching a live stream (i.e., dedicated
viewers; N=37). Note that as the data is self-reported, participants may have under-reported the actual duration of
time they spend watching live streams per day out of shame or self-preservation, so actual viewing durations may
be even higher.

Dedicated viewers are those who spend an excessive amount of time watching a streamers' outdoor stream and
take part in post-stream activities (e.g., making fan videos, curating archive videos, and so on). These viewers are also
more likely to spend money on virtual gifts for the streamer and initiate and heavily participate in Danmaku side



Chapter 4. Understanding Outdoor Live Streaming in China 36

Table 4.3: Frequency of watching outdoor live streams from each viewer segment.
Lessthanone 1 2times 3 5times 1 2times >3times

time aweek aweek aweek a day a day
Light viewers (N=149) 15% 28% 26% 21% 9%
Casual viewers (N=101) || 7% 11% 34% 34% 15%
Dedicated viewers (N=37 0% 5% 16% 24% 54%

shows during the live stream. They tend to form attachments to speci ¢ streamers and enjoy streamed content that
is about inter-personal connections. On average, dedicated viewers spend 344 minGws hinutes, =111

minutes) watching a single live stream per day, and they watch outdoor live streams more than twice=&2day (

times aday, =1time aday). Some of these viewers have a lot of leisure time in the evening so the live stream replaces
traditional media such as TV or movies. Others have a job that allows them to have a live stream on as background
noise and help combat loneliness. Because they watch live streams so often, watching outdoor live streams have
become part of their everyday routine. As noted by P9,

It just became a habit for me. | got used to watching his live stream every day. | would feel uncomfortable
and lost if | don't watch his stream ... | am attracted by their content and style, and | feel comfortable watching
their streams. | just cannot help watching .

For this viewer, the habit of watching outdoor live streams may have turned into an addiction that they do not
realize that they have. One factor that may contribute to a possible addiction is the empathy viewers have for the
streamer, which is the result of the lengthy windows of time they have into streamer’s lives. These durations allow
viewers to develop an understanding of the streamer's behavior, personality, and past experiences which makes them
feel more engaged and encourages them to watch for longer periods of time, e.g.,

In outdoor live streams, | can see how the streamer reacts to di erent situations in real life, feel her emotions,
and understand her reactions. For example, | am impressed by how she deals with those who criticize her, and
| appreciate her attitudes. | feel that | know her well and | would like to know more about her and support her
if | can (P4).

Those classi ed as light viewers watch outdoor live streams for less than 1 hour, i.e., approximately 41 minutes

( =41 minutes, =7 minutes). They also watch outdoor live streams about 6 times per weékimes a week,
=6 times a week). This group of viewers tends to not show the excessive or super fan behaviors found with the

dedicate viewership segment, elglon't follow Internet celebrities. | am no longe{BX3). Although outdoor live
streamers stream for several hours each day (or multiple times a week), these viewers do not feel the need to watch
an entire stream they often only watch a part that interests them or watch other categories of live streains, e.g.,
only watch the most interesting parts. | will stop watching if there are too many id([@ & nmEmtse viewers also
do not engage in activities outside the live stream (e.g., making fan videos), minimally interact with streamers and
the streamers' community during the stream, and tend to not spend as much money on virtual gifting or take part
in Danmaku side shows. They prefer content that focuses on extreme environments and outdoor physical activities
so that they can learn about the activity or perform or experience it themselves at a later tintiee @fpymation
and skills shared by outdoor live streamers is what interest m¢Rhé& ynost

Unlike light viewers, casual viewers spend longer durations of time watching live streafrisl(minutes, =
29 minutes) and watch outdoor live streams about once per dag (ime a day, =1 time a day). They may treat
live streams as a replacement for traditional media (e.g., TV and movies), but do not exhibit excessive behaviors, e.g.,
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| often watch outdoor live streams when | have time, but not if | @i dusyasual viewers often keep up with, and
take part in, Danmaku side shows and spend more money on virtual gifting than light viewers ddtreggh |

don't often actively send Danmaku during live streams, reading others' Danmaku and watching how the streamer react t
them is fun(P12). They tend to prefer content that is inter-personal and informationalpetdgor live streamers
show the beauty of their real life and nature, and sometimes provides valuable information to me in an entertaining way
(P17). This group of viewers generally lives vicariously through the streamer but does not have a desire to perform

an activity themselves or travel to a place shown in a live stream.

More details about light, casual, and dedicated viewers can be found in later sections where discussions of dif-
ferences between these segments of the viewership are relevant.

4.3.4 Outdoor Livestreaming Content and Formats

Although other live stream categories such as videogaming and live performances are well de ned, the outdoor
category contains a variety of streaming content. Some content conforms to traditional de nitions of outdoor,
such as traveling to various locations, surviving in the wild, mountaineering, hiking, shing, and so on. With these
live streams, viewers can often see and experience the unpredictability of the location or learn information about the
activity being performed. Other content, however, is more inter-personal in nature, focusing on the conversations
and interactions that streamers have with passershby or occupants of their taxi cabs. We examine each of these content
types in more detail next.

Traveling

Similarto ndings from [101], viewers like to watch streamers travel and visit places of interest or places with beauti-

ful scenery. Such live streams usually consist of multiple sessions or episodes that the streamer uses to show di erent
segments of their journey. They often show how they accommodate, commute, what local food they have, how they
make plans and interact with local people, the souvenir purchases they make, how they deal with accidents, and so
on. Viewers often like to watch streams where streamers travel to destinations that need a large budget, have few
transportation choices, cause the streamer to have altitude reactions (e.g., Tibet), involve mountains or seas, or occur
in other countries. In addition to guided and self-guided culturally-focused tours, hitchhiking and self-driving tours

are also popular. Viewers who watch travel related live streams often do so to gain practical information, because
such live streams are perceived as being more transparent about the experiences at hotels and sites and other infor-
mation critical to traveling, e.gl,enjoyed watching traveling streams where the streamers go to various unique bars or
places of interest. | would not know those places if | just go to that city without a lo{PBiLi®ssaich

Streamers are mostly honest about their experience of the trip. For example, | can easily get to know if the
service quality of a hotel or the food quality of a restaurant is good, because a lot of aspects were all streamed in
real time, and streamers are streaming from the perspective of real travellers. This information will be super
helpful if  go on a trip to that place. TV shows probably don't show so much information because most parts
are editedP14).

Viewers enjoy the reality and behind the scenes views that such streams provide, which due to the length of time
that streams occur for, provide a more complete portrait of the travel experience than a documentary or TV show
can.
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Outdoor Survival

Viewers enjoy watching outdoor live streams about hunting, shing, cooking, and eating in the wild. Such streams
often take place in rural locations near wild animals, ponds, or lakes with sh, or in cities near ponds for shing. In-
terviewees enjoy learning about the processes of foraging for food, preparing materials, cooking, and eating, because
they di ers from their day to day activities, but still happen in the real world. As noted by P13, a light viewer,

Nowadays we seldom see how food materials are prepared. In the supermarket we can only see processed
meat. Such eating outdoor live streams give us a chance to see the whole process of how food is prepared, and
| am curious about how the streamer can cook very delicious meals out of raw materials. It might be useful

for me if I go to the wild for some days.

While the information provided in these streams may not always be relevant to their lives, the enrichment and novelty
of these streams appears to be appreciated by both light and casual viewers alike.

Outdoor Adventure Activities

Outdoor adventure live streams include those which depict mountaineering, rock climbing, hiking, or going to dan-
gerous places, e.g., haunted houses or abandoned locations at night. Light and casual viewers watch these streams to
learn outdoor skills and gain information about such activities, thaihgly may only be useful in the fuiir#2).
The thrills of watching these activities make them highly engagingl pegsonally do not want go to such [haunted]
places by myself, especially during the night. Watching it through live streaming is thrilling. It feels so real, and | can
get scared, but I'm sure | am safe. | can experience this without any potén1i@).riBksause many viewers do
not get the opportunity to travel outside their city to hike, mountaineer, or rock climb, outdoor live streaming is an
inexpensive yet safe way to experience the thrills that such activities can provide.

Viewers watch outdoor adventure live streams because they can vicariously feel a sense of accomplishment
through the achievements of the live streamer. P14 and P17, who enjoy watching streams about rock climbing
and surviving in the wild, noted thatf the streamer successfully nished climbing or surviving in the wild, | would get
a sense of accomplishment from watching this, too. | felt like | withessed a skillful streamer succeeded in a challenging ta:
(P14) andwhen watching the hitchhiking live stream, | feel like | am witnessing a magni cent feat, that the streamer was
really working hard for th{$17). Although these viewers do not exert physical e ort or expose themselves to the
danger eminent in such environments, they nd it rewarding to watch the physical struggles and emotional stress of
the streamer facets of survival that are often not on display within other genres of live streaming.

Interpersonal Interactions

A distinct category that emerged was one where the focus of the stream was on spontaneous relationships and in-
teractions between a streamer and their signi cant other or strangers in real life.

Conversing with strangers on the street. Such streams are akin to social experiments, wherein the streamer
goes out on the street and strikes up conversations with passersby, asking questions or making fun of them. Many
dedicated viewers enjoyed watching these streams because they were interested in how people communicate and
were attracted by the uncertainty of the situations, &\hen streaming in the city, the streamers are communicating
with strangers. It is the interaction between real people, and people can change rapidly. Maybe there's nothing spec
now, but next minute something changes dramatically. This unpredictability about people reaiiPénhdaies me.
streamers perform with dramatic costumes in the public. Viewers enjoy watching such embarrassing performances
and enjoy the reactions of passershy. As viewers could not see themselves doing such things in the public, they watch
them so that they could vicariously experience what it would be like to do the activities themselves, e.g.,
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| really enjoy watching those live shows that show a sense of shame in the public, like inviting passersby to
join a challenge to do some embarrassing things on the street. | personally could not do that myself in public.
| would like to see how the streamer does that, and how other people react to that, which can be super fun. |
feel that | become a little bit more resistant to such a shame by watching#iOas well

Didi (Uber) drivers interacting with passengers. An emerging sub-category are those where Didi drivers
stream a live talk show with the passengers in their car. The unique setting of their semi-public car, which has two
or more strangers, creates an interesting social dynamic that casual and dedicated viewers appreciated, e.g.,

Driving a taxi creates a relatively closed space between the driver and the passenger. The two strangers co-
locate in a closed space, where they might be interacting di erently than in the public. Besides, because trips
can be short, the driver keeps encountering many di erent people and interacting with them, producing waves
of interesting conversations. It is like tens of interesting short talk shows in a two-hour stream, which is super
enjoyablgP7).

The unpredictability of who was going to be in the car next creates more uncertainty than interacting with
strangers on the street, and thus created more excitement and engagement in viewergpg.the high uncertainty
of the passengers in Didi driving streams. If the streamer goes on the streetto nd someone to interview, he can easily evalt
if someone is appropriate to be in the stream by observing her behaviors. But when driving Didi, he cannot know mucl
about the passenger until he picks her up. Such uncertainty brings mo(B®)jeasure.

Couple (CP) live shows. This sub-category involves two people streaming together while traveling, driving,
eating, dating, or engaging in live talk shows in outdoor settings. As most other outdoor live streams only involve one
streamer, these shows enable viewers to enjoy the friendship or romantic relationship that is shown in a spontaneous,
unscripted way, e.g.,

CP live streams involve one of the most essential things in life, friendship, or romantic relationship, which
we can easily resonate with. Because the live streams feel so real, and the streamers are not like acting. From
their real-time eye contact or interactions with each other, | can feel the love, which is like a rst love when |
was young, which makes me feel better and desire such relationship. | think that is what pure love should look
like (P4).

These shows usually occur in a series and often involve the streamer inviting a romantic or platonic partner to
appear in several shows. Some streamers enable fans in chat groups or forums to vote on who should be their
streaming partner or invite less popular live streamer partners to live stream with them to enable the less popular
streamer to gain more followers and viewers. Because streaming partners change, viewers prefer it if the personalities
and streamers' interactions mesh well, e.g.,

It is important that the guest streamer is talkative and humorous, and their conversations are interesting.
They must feel like being together, even if they are not, and they should match each other. If so, their live
stream seems to be real, and not too scripted like some (PExhows

Viewership Trends

Although there are di erent sub-categories of outdoor live streams, viewing patterns were consistent across viewer
segments and categories (Table 4.4). Viewers had a similar level of interest in live streams that were about travelling
to familiar (X 2 = 1.86, p=.395) or unfamiliaXx ¢ = 4.88, p=.087) places. Because these lives treams cover a broad
range of interactions, places, and information, they are attractive to all viewer groups. Light viewers, however, were
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Table 4.4: Aggregated survey responses about the types of outdoor live streaming content that viewers watch per
viewership segment.

Viewers from each

Viewership Segment

Outdoor live streaming categories | Light | Casual | Dedicated
Traveling to an unfamiliar place 79% | 67% 81%
Travelling to a familiar place 60% | 55% 49%
Surviving in the wild or in an extreme environment60% | 39% 35%
Mountaineering or extreme sports 50% | 34% 22%
Hiking 39% | 33% 19%
Adventuring in a dangerous place 36% | 32% 19%

Striking up conversations with strangers outside| 19% | 36% 54%
Driving a taxi and interacting with passengers 9% 22% 22%
Fishing 9% 12% 0%

Other (e.g., couple shows, etc.) 1% 4% 19%

more interested in live streams that were about surviving in the wild or extreme environXértsl@4.93, p<0.001)

and mountaineering or extreme spoixs?(= 12.63, p<.05). Light and casual viewers were also more interested in
live streams about adventuring in a dangerous p¥aée=(7.63, p<.05). As these viewers watch for shorter duration
than dedicated viewers, they are generally more interested in acquiring knowledge about an activity or learning new
skills, tips, or tricks. On the other hand, dedicated and casual viewers were more interested in live streams involving
interaction with strangers on the streXtq = 19.73, p<.001) and in a taXi{ = 9.53, p<.01). Because these viewers,
especially dedicated viewers, enjoy the stream and their community, streams that highlight the personality of the
streamer and their social life are of interest to them.

4.3.5 Viewer Motivations for Watching Outdoor Live Streams

Viewers watch outdoor live streams for several reasons. Overall, they watched outdoor streams because they were
fun or interesting (59%), they were interested in traveling or obtaining knowledge about outdoor activities (56%),
or because the live stream helped them relax (50%). In terms of the di erences between light, casual, and dedicated
viewers, dedicated (35%) and casual (38%) viewers reported that outdoor live streams provided them with awelcomed
sense of community more than light viewers thought they did (X736} (13:97; p < :001). This is likely due to the

di ering amounts of time these viewers watch outdoor live streams for and the di erent levels of engagement they
have with the streamer's community. As alluded to previously, light viewers were more interested in learning about
outdoor skills or information about places of interest (49%) than casual viewers (26%) and dedicated viewers (30%)
(X2 =15:09,p < :001). Because this category of viewers watches for a shorter period and is more disengaged
than casual and dedicated viewers, they watch for personal ful lment and knowledge rather than to belong to a
community. There was no di erence amongst viewership groups with respect to viewers' watching outdoor live
streams to relax (50%, 51%, and 46% respecHvely;0.34, p=.846). The interview data also uncovered three
additional motivations for watching outdoor live streams.

Nostalgia

Interviewees who grew up in rural or suburban areas enjoy live streams about rural areas that might be underde-
veloped. Such streams served as a reminder of the old days, their hometown, or people they used to Know, e.g.,
enjoyed watching such live streams where the streamers are shing by a small pond. | used to sh like that when | wa:s
young. It really resonates with me a lot, and | felt a strong sense of empathy. It reminds me of (M@hld frizads.
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were also several cases where interviewees mentioned something that might be unpleasant to watch, for example,
traveling to abandoned places or underdeveloped regions in the mountains. While it may be di cult to watch un-
pleasant or depressing content, these viewers appreciated the opportunities for re ection about their life, family, or
country that such streams a orded.

Luxurious Lifestyles and Vicariousness

Other interviewees, such as students (e.g., P4) or factory workers (e.g., P9) enjoyed seeing the luxurious lifestyles of
streamers who were rich. These viewers liked watching the streamer having an expensive dinner in a decent restau-
rant, driving luxurious cars, going to expensive bars, staying at expensive hotels, and so on. For example, P4 noted
that watching such live streams was eye-opening and inspiring , andllreet goals for the future to experience such
lifestyles in person if possiBlgide from seeing life experiences that they themselves could not have, they admired
and appreciated being able to see the freedom that comes with choosing how to spend money. Participant nine
noted watching someone who is crazy rich spent so much money on traveling is judigreas ot participant

seven, who was a suburban o ce worker and could not travel much due to work and family duties,| restgy

watching some streamers' ashpacking experience, going to travel whenever and wherever they want to go. | think this is
lifestyle a lot of ordinary people dream of in thekllif®ugh not every viewer may desire or achieve the extravagant
lifestyle portrayed by the streamer, these streams enable viewers to see how others in di erent socioeconomic seg-
ments of China live. This could potentially encourage viewers to aspire to achieve their own goals or become more
socially mobile within their own lives. None of interviewees commented on the negative e ects of watching such
streamers, however, it is possible that long term viewing of such content could increase negative feelings about one's
own socioeconomic situation.

Escaping Other Live streaming Genres Or Entertainment

Thirteen interviewees reported that they began watching live streams by watching videogaming live streams then
transitioned to outdoor live streams. Some reported that they had watched too many videogame live streams over

the years and became bored, eMost popular videogames on streaming platforms now are several years' old, and |
won't learn much about skills from the streamers. | prefer to watch streamers that are more interesting, and most outdoc
live streamers are really intereqti*®). For others, as they matured, switched jobs, or attended university, they did

not play videogames as actively and had an increased desire to connect to the real world. This caused them to switch

to outdoor live streams that emphasized interpersonal interactions in the real world veagt, to watch outdoor

live streams because they connect me more to the real world. | have been too addicted to the virtual world of videogar
when watching gaming live streams, and | just gured out | should step out a little bit. Outdoor live streams are perfect
because it focuses more on human-human interactions in ré@bvandGame live streams focus more on content of
videogames and interactions with gamers, while outdoor live streams focus more on how to deal with relationship with oth
people in the society. It is a demonstration of so¢R8)ifelhese viewers thus found value watching face to face

or in-person interactions. Because outdoor live streams can include varying degrees of unpredictability, physical
exertion, social dynamics, and individual agency, they demonstrate the physicality and consequences of real-world
interactions with others. Such facets of sociality can be di cult to convey or observe in live streams of singing
performances or video game playing.
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4.3.6 Viewer Interactions During and After Live Streams

In addition to watching the live video content that is being streamed, prior research has identi ed that many viewers
partake in di erent activities during a live stream and after it has concluded [98, 101]. For outdoor live streams,
the most prevalent activities that emerged from the survey and interviews related to in-stream virtual gifting, the
unique practice of in-stream Danmaku side shows, and post-stream activities such as making super cuts and watching
archived videos.

Virtual Gifting

The act of paying for virtual gifts and sending them to streamers is a popular activity during live streams. When

a virtual gift is sent, it appears as text, graphics, or animations during the live stream and the streamer receives a
portion of the gift cost (Figure 3.1ii). On some platforms, the number of gifts a streamer receives contributes to
their popularity and leaderboard ranking on the platform. In our population sample, 100% of dedicated viewers had
purchased virtual gifts for an outdoor live streamer at least once, compared to 77% of casual viewers and 61% of light
viewers. Dedicated viewers (62%) were more likely to purchase virtual gifts than casual (33%) and light (17%) viewers
(X2 = 31.66, p<.001), with light viewers spending a statistically signi cantly lower amount of money per day (7.8
CNY $1.16 USD; =7.8CNY, =13.7 CNY), than casual (15.6 CN$2.32 USD; =15.6 CNY, =25.0 CNY),

and dedicated (39.2 CNY$5.84 USD; = 39.2 CNY, =42.9 CNY) (H(2)= 26.714, p<.001) viewers. There were
many reasons for these gifting patterns.

Gifting for Engagement. Because outdoor live streamers can stream for upwards of 10 hours a day, many
outdoor live streamers use speci ¢ strategies to induce viewers to purchase gifts for them such as fundraisers.
For example, P6 mentioned that while watching a live stream where the streamer was hitchhiking, the streamer
started a live fundraising campaign at di erent times while hitchhiking. Viewers could then buy virtual gifts for
the streamer through the streaming platform and the streamer would use the amount donated to dictate their
hitchhiking budget. Using this mechanism, viewers were more likely to donate to the streamer because they
could see how the donations were being spent and often made suggestions about how to spend the donations, e.g.,
The streamer was really hard-working, and it was hard to go hitchhiking in winter. | think with even a small amount of
money | sent to him, he could at least save some energy by taking a bus or a taff&r Bedidated viewers saw
little problem with donating to such campaigns, however, casual viewers did not like streamers asking for virtual
gifts, which is a practise carried over from professional videogaming or live performance streamers [3Bink.g.,
it is too commercial, too utilitarian, to ask for viewers to purchase virfR2abyifts

Collective Sense of Honor.For dedicated viewers who engaged with a streamer's community, gifting serves as
a way to contribute to the community and the popularity of the streamer,lesgmetimes follow other fans to send
virtual gifts when watching live streams. It gives me a sense of honor as a member in the community, because other view
and | all care about and support the streamer, and we want him and his stream to become better. | feel honored becaus
make a contribution to improving the atmosphere of the channel through actively sendin@Piytdaegiéiss were
even more motivated to send virtual gifts during the annual streamer carnival competitions hosted by the streaming
platform. If the streamer ranks high, viewers feel a collective sense of honor in the ranking, e.g.,

Most of the time | don't give virtual gifts, or | just give a few small gifts. But last time when he [the streamer]
was competing in the annual streamer competition of the platform, a lot of viewers and | paid for a lot of
expensive gifts for the streamer to help him get the No. 1 in outdoor category. We would like him to be
awarded the No. 1 for his hard work. We thought that it was just once in a year, and we should unite when
we needed (®9).
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Although dedicated viewers are essentially paying the platform to provide a sense of belonging, they see virtual gifting
as a collective action that helps the streamer rather than as a way to improve their own feelings of self-worth and
acceptance.

External Recognition. In addition to the streamer leaderboard, viewers who send many gifts are ranked on
the gift-sender leaderboard. While this mechanism is used by platforms to create competition amongst viewers,
surprisingly, dedicated viewers do not care about their placement on the leaderboard. More often, they care about
the atmosphere of the streamer’'s channel, i.e., they want a larger proportion of the streamer's audience to send
small gifts. The support of the streamer in this way creates a positive impression for newcomers as it suggests that
the streamer is supported and beloved by many loyal viewers. As noted by P2,

There may be some rich people who can give very expensive gifts to the streamer, but it is highly likely that
they stop giving gifts someday. As loyal viewers we prefer to send many small gifts to the streamer more
constantly, to make the atmosphere of the channel better. It is also a more sustainable way for us to support
the streamer.

P7 also shared this viewthink it is important for the streamers to attract more and more new fans, if they really want to
scale up and be more successful. We, as old fans, cannot always purchase virtual gifts time and time again. We are not st
rich people. The streamer should not live o his past gains. New fans can bring more gifts to him and sustain his popularity
on the platformAlthough they do not gain ful liment from the leaderboard, dedicated viewer interviewees reported

that they had paid for a badge to be displayed on their pro le to show that they were a member of the streamer’s
community. As noted by P8n the streamer's channel, if there are many viewers who have the badges of loyal fans on
their titles, it will give others an impression that the streamer is popular ... This will attract more people to come to the
channel

Danmaku “Side' Shows

Unlike other live streams, which are produced by, and focus on, one live streamer, the nature of outdoor live streams
requires them to be produced by a small team, often one person to be on camera and another holding the mobile
phone or recruiting passersby. In other cases, the live streamer may wear their mobile phone, use a sel e stick, or be
in a situation where they cannot look at their phone or type comments. In these cases, the streamer is unable to read
and respond to real-time Danmaku left by viewers. Thus, many outdoor live stream viewers repurpose Danmaku to
create a simultaneous side show with inside jokes, running commentaries, and virtual * ghts' (Figure 3.1i). As noted
by P2, | send Danmaku sometimes not for the streamer to see and respond, but for peer viewers to see and respond. T
conversations between peer viewers are another big show, aside from the streamers.

Dedicated viewers engage with Danmaku a lot because there are many opportunities for questions, critiques, or
debates that encourage inspiration or deeper thoughts. Although the streamer themselves is interesting, for some
viewers, the Danmaku side show can be even more engaging and is the primary reason they continue to watch the
live stream. As mentioned by P10,

| think 50% of enjoyment comes from the content of the streamer, and the remaining 50% comes mainly
from interacting with other viewers through Danmaku. Sometimes even over 50% of enjoyment comes from
Danmaku, especially when the streamer is commuting to the site before his real content.

Lightand some casual viewers, however, do not engage with Danmaku very much. This is often because they perceive
the Danmaku side show to be distracting and irrelevant. As noted bysBfrs comments are very shallow and not
very informative. | would like to see some summaries instead of all the comments duriBg the s&rdsse viewers
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watch the stream for the information from the streamer rather than the community, many light viewers turn o the
Danmaku so they can Iter out the noise from the community.

Post-Stream Activities

A by-product of outdoor live streamers not engaging with their audience is that when viewers want to communicate
with the streamer, they do so via post-stream activities. Some dedicated viewers voluntarily make super cuts, i.e.,
summary reels of a live stream, and upload them on social media on behalf of the streamer. These videos help the
streamer increase their audience, draw additional viewers to the streamer's community, and will often be recognized
during a stream by the streamer. Some viewers also write posts in forums to summarize the main points in the stream,
punctuating them with memes, gifs, salientimages, or even poetry, e.g., as P3 noted, We do this voluntarily, during
our spare time. We are willing to do this, because the videos can potentially make more people interested in the
streamer. Dedicated viewers are also more likely to post encouraging comments for the streamer (70%) than casual
viewers (54%) and light viewers (34%) € 19:36; p < :001). They also give more suggestions to the streamer
(49%) than casual (40%) and light viewers (G3%) {7:20; p < :001). Although these extra activities occur after

the stream has concluded and requires even more of the viewer's time, the bene ts of them to the streamer and their
community make them worthwhile in the eyes of dedicated viewers.

After the live stream concludes, viewers can watch archived videos of the stream. Some viewers, especially ded-
icated ones, watch archive videos to catch up with what they missedt, is.like watching a TV series. | don't want
to miss any episode, so if | missed one | will watch an archived video(Bxe€page who nd value in Danmaku
side shows seldom or never watch such videos because they do not o er the same level of community engagement,
e.g.,Ifitis an archived video itis about the past, then | am not into it. Why not just watch a TV show or a movie which can
be better producg®2.3). For these viewers, the ability to have Danmaku conversations while watching an archived
live stream would be a welcome feature.

Interestingly, the largest di erence between the engagement of dedicated viewers and casual or light viewers
was that casual viewers were much less engaged in their favorite streamer's communities. Seven of the interviewed
casual viewers did not interact with other fans and were less engaged in chat groups or forums, citing that they did
notfollow celebrities . This may be because casual viewers watch more amateur or semi-professional streamers who
do not have dedicated communities. Light and casual viewers engage in personally ful lling post-stream activities
such as planning a trip to the place where the streamer was (52%), searching for content about the outdoor activities
or places mentioned in the stream (51%), and so on. Light viewers were much more likely to plan a trip to the
location shown in the live stream (62%) than casual (46%) and dedicated usétg (3A%)03; p < : 01). As these
activities occur outside the platforms, they require viewers to exert more time and e ort to gain value because the
viewer must leave the platform. It is interesting that viewers who were not inspired to join community activities
during the live stream were so motivated and inspired by the content of the stream that they decided to seek out
additional information and did this moreso than those who were heavily engaged during the stream itself.

4.3.7 Viewer Social Interactions Shaped by Paimian

One unique and novel theme that emerged was the notion of maintaining paimian as aviewer and within a streamer’s
community. Paimian is a Chinese cultural concept that in uences how Chinese people present themselves to oth-
ers. Itis composed of two facets: mianzi, i.e., the outside “face' that people put on to use to show their reputation,
pride, or self-respect to the world in social contexts [134], and pai chang, i.e., the use of elements of luxury and
wealth to impress others or attract attention. The notion of mianzi has been shown to in uence how Chinese people
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present themselves to others both in real life and online [177]. Paichang, on the other hand, has been demonstrated
to be prevalent in Chinese culture (e.g., [84]). Thus, paimian is the notion that it is important and commonplace to
demonstrate and aunt one's worthiness, pride, honor, and self-respect in social contexts through forms of ostenta-
tion and extravagance. In some sense, paimian is similar to the English idiom keeping up with the Joneses [174],
however, with paimian, less emphasis is placed on living beyond one's means. With respect to outdoor live streaming,
one can increase or maintain their paimian by buying subscriptions to a streamer’s live stream and having a visible
badge on their pro le, giving gifts to the streamer during the live stream (either free, paid, or from subscription
perks), being endorsed to be a community moderator, or being a well-known viewer who has purchased expensive
virtual gifts.

Most dedicated viewers enjoyed pursuing paimian, because outdoor live straaminge real and closer to
social life, where we all care about m{B2%i The desire to have mianzi and increase their own paimian encourages
individual users to send virtual gifts, e.am used to sending small gifts to my favorite streamer. | always send him
small gifts when | am watching his streams. If | do not send gifts any more, | will feel like “losing face (mianzi)' in front
of the streamer and other viee1®). Dedicated viewers were also more engaged in the community because active
communities are demonstrative of paimian, e.g.,

The outdoor live streaming community has a stronger sense of community and deeper engagement with the
community, compared to the game live streams | used to watch. | gradually got used to watching outdoor
streams. Even if sometimes the content is not that interesting, | still enjoy it, because the community feels like
a family. In this family, we all want our streamer to become better and better (P8).

Several dedicated viewers also reported that their favorite streaanetargely pursuing paimian. They regard
it more important to pursue paimian than streamers of other categories like gaming. They tell us explicitly that paimian
is important for them in the stre@idi). Outdoor live streamers embed paimian in the o ine and online worlds.
For example, they demonstrate paimian in the real world by explicitly showing that they are traveling to places that
require a large budget, staying at an expensive hotel, driving luxurious cars, inviting other popular streamers or
celebrities to stream together, or using expensive and professional equipment (e.g., drones, stabilizers, and water-
proof devices). In the digital world, they demonstrate paimian by having a lively and active live stream with many
subscribed viewers who have loyal fan badges, sent Danmaku comments, and purchased virtual gifts. Thus, they
actively solicit viewers' participation to gain more paimian online. Because streamers value paimian more than
the face value of money, some streamers prefer viewers to send virtual gifts on the streaming platform rather than
transfer money to them through external channels, &lig, streamer said he preferred to receive virtual gifts even if
the platform took a portion of it. He said that receiving more gifts could make the stream livelier, and his stream could be
promoted more by the platfd®6). Because virtual gifts are shown publicly, in real-time, they enable streamers to
indirectly accrue paimian using the built-in mechanics of the streaming platform.

Although streamers express interest in garnering paimian to viewers, not all viewers long for paimian online.
Some, especially casual and light viewers, thought that streamers who were too paimian-driven may cause viewers
to lose interest, e.glt feels like all the streams of professional streamers are about gaining popularity, paimian, and
money. | don't like it very mu@il7). Because the motivation and goals of non-dedicated viewers are more focused
on self-improvement and knowledge acquisition, outdoor live streams appear to be viewed as more of a contextually
situated teaching or information service. For these viewers, community building and one's external presentation
within the community is less important.
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4.4 Discussion

The survey and interview ndings uncovered many novel facets of outdoor live streaming and broadened our un-
derstanding of this emerging cultural phenomenon. In what follows, we re ect and highlight the opportunities and
challenges that outdoor live streaming presents, situate our results within other live streaming research, and discuss
insights and future avenues of research.

4.4.1 Elements of Engaging Outdoor Live Streams

Although the survey and interviews revealed a diverse range of live streams fall under the outdoor live stream ban-
ner, several similar elements were found to encourage viewer engagement. Viewers were mostly attracted to live
streams based on the realness and unpredictability of the situations streamed. Outdoor live streams occur in more
complicated real-life environments than those found in videogame or live performance streams and often contain
many factors that are outside the control of the streamer and viewers. The richness of real life enables streamers
to have more material, situations, environments, and freedom in terms of how they perform in live streams. Un-
expected accidents or encounters with interesting passersby can be leveraged to show creativity in how a streamer
interacts with people in real life. Most interviewees thought that the unpredictability was a source of intrigue and
pigued their curiosity. Even when what was being streamed was mundane, viewers still wanted to watch because
no one knows what is coming next, but if something comes up, it would b¢R&eregngewees also noted that
the ways streamers deal with emergent situations in the stream was engaging, because h@vawel person
is reacting to an emergency and how they make decisions to deal with it quickly, in the pressure of being watched by othe
(P6). For these viewers, the anticipation of what could come next and how the streamer may react, solve, or escape
the situation encouraged their viewership.

On the other hand, interviewees also noted that there were some performative elements of outdoor live streams
used by streamers to prevent streams from being mundane and losing viewers, especially in live streams that focus on
interpersonal interactions, e.g., passersby may be invited actors or conversations may be scripted. Although aware of
scripted content, interviewees still value the realness of outdoor live streanst, leagst outdoor live streams happen
in the real world and involve real people. Even if scripted, something unpredictable will still happen, and the streamer:
reactions to such situation will be auth@tjc Most dedicated viewers did not care if outdoor streams were scripted,
as long as the streams were interesting, inspiring, and the streamer reacted to the emergent situations or interacted
with strangersina real way. Lightand casual viewers, however, seemed to value the realness of outdoor live streams
more, e.g.| think some streamers are too fake. They are acting like they are in a drama. | prefer streamers who share
information without too much draffd.6). For outdoor streamers, there seems to be a tension between providing
hours and hours of engaging (possibly scripted) content for dedicated viewers and keeping the reality of the stream
to engage light and casual viewers. This complements prior research on the tensions of streamers when streaming
outdoors [138].

The novelty and creativity of content, which has been shown to be important for live streaming engagement
[55, 98, 101], is even more important during outdoor live streams. Unlike videogames or live performance live
streams, which have prede ned content, e.g., a speci c game to play or song(s) to sing, outdoor live streamers must

nd their own content to stream. They need to constantly innovate to nd new scenarios or angles. As the evolution
of outdoor live streams continues, streamers will need to nd even more innovative ways to engage viewers to stay
relevant and meet the needs of their viewership.

Empathy is also important for viewers. Interviewees noted that because outdoor live streams feel real, and the
streamer's life experiences are exposed to them for extended periods of time, viewers understand and share in the
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feelings of the streamer. For example, P4's favorite live streamer is controversial because of her “slacker-like' stream-
ing attitude, which garners her many trolls and critiques on the platform, however, P4 seems to understand and
unconditionally support her relaxed and informal approach to streaming. Because empathy can encourage helping
behaviors and improve the quality of social interactions [8], this may be why empathy makes viewers feel more en-
gaged with the streamer. The down side to viewers having empathy for streamers is that it may cause some viewers
to become addicted to outdoor live streams because they become accustomed to vicariously watching others live,
i.e., the streamer becomes less of a “person' and more of a “character' or “idol. As videogames have been shown to
in uence empathy and schadenfreude (i.e., pleasure at another's misfortune) [50], future research should explore live
streaming's e ects on empathy to better understand how watching live streaming, especially for such long durations,
can positively and negatively impact viewers' lives.

4.4.2 Social Interactions within Outdoor Live streaming

In line with previous research on how and why viewers support streamers [101, 176] and how streamers and viewers
interact within live streaming [54, 55, 98, 138], this work revealed a more nuanced understanding of viewer social-
ization within live streaming. Cultural elements such as paimian play an importantrole in shaping social interactions
of viewers and streamers and the prevalence of gami cation elements like viewer badges and virtual gifts naturally
mesh with paimian. Because outdoor live streams emphasize realness, such cultural elements mirror viewers' real
social lives within their virtual social lives. Popular outdoor live streamers successfully embed paimian into their live
streams by explicitly emphasizing paimian in live streams (e.g., showing that they are using expensive equipment and
they have many loyal followers during live streams) and making paimian as a collective goal of viewer communities.

These practices make dedicated viewers eager to engage more with the community, watch live streams more
often, buy more virtual gifts for streamers, and help streamers gain more popularity because these activities reward
the viewer, the streamer, and the whole community. Itis surprising to see that paimian, commonly pursued for a per-
son's own self-esteem or for the honor of their family [134], is sought after in the virtual world by dedicated viewers.
This might be explained by the family-like feel of some streamers' communities, however, a deeper understanding
of how paimian is pursued within the context of live streaming is needed. Although paimian is largely a Chinese
cultural concept, Goe man has shown that cultural elements like mianzi may also exist in other cultures [47]. Future
research is therefore needed to understand the generalizability of paimian or other cultural elements as possible a
motivational and engagement tools for viewers on live streaming platforms in other countries.

4.4.3 Outdoor Live streaming Challenges and Design Implications

Our ndings also revealed several challenges associated with streaming outdoor, unpredictable live content, e.g.,
di erent needs for professional and amateur streamers, problems with information overload, and techniques and
mechanisms for dealing with unpredictability.

Engaging Viewers for Hours

One element that must be considered when designing software and platforms that will be used to record and view
content for long periods of time, is the quality and professionalism of the stream. Viewers have standards about
the quality of the content they will watch: for example, dedicated viewers want live streams with higher production
values and better cinematography, which makes sense given the length of time that they watch live streams for.
Watching handheld live streams that do not maintain a stabilized video viewpoint can be di cult, especially if the
streamer is on a long hike in a mountainous area. It may be useful for streaming platforms to introduce additional
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computer vision techniques to smooth out stream content or reward streamers with awards or badges when they
make use of gimbals or tripods.

Aside from cinematography, outdoor live streamers must ensure that there is always interesting content to attract
the viewers. Some streamers have made use of techniques such as switching from videogame to outdoor content from
stream to stream, frequently changing the locations where they stream, or inviting other guest stars into their stream.
While these techniques may encourage more long-term viewership and help to build their audience, platforms and
streamers need other forms of dynamic content to engage viewers in the short term. Fundraising campaigns can
encourage short-term viewership, however such campaigns must work within the gifting constraints of the platform
and require additional streamer e ort. Providing streamers and viewers with other methods of interacting may
help viewers contribute and increase their sense of paimian, while also decreasing the burdens currently placed on
streamers to manage such campaigns, e.g., integrating automatic budget calculations based on the value of virtual
gifts.

More recently, some streamers have arranged unexpected encounters with guests to entertain viewers, created
stories to make the stream ow better, or even purposefully added con ict to make the narrative in the stream
more dramatic. These strategies have been borrowed from reality television and can create short term spikes in
viewership, but do so at the cost of decreasing the realism of a stream and authenticity of a streamer. Rather than
using narrative elements that dilute the unpredictable nature of a stream, it would be better if streamers had access
to tools that could allow them to integrate spontaneity, for example, “nearby’ noti cations to alert them of interesting
places, landmarks, or other streamers in their vicinity. Platforms could also enable more viewer interactivity such
as introducing voting and polls about the next location to travel to, enabling viewers to become guests, or allowing
Danmaku sideshows to become temporary focal points during mundane times (e.g., while the streamer is on a long
train ride).

As it is di cult for a single streamer to satisfy the viewing desires of all their viewers, especially when they are
in unpredictable or potentially dangerous environments, platforms need to develop techniques that would enable
streamers to target and tailor the content they provide to di erent viewers based on their viewing interests.

Designing for Collaborative Streaming in Outdoor Environments

Outdoor live streams largely consist of one streamer, but we found that viewers enjoy live streams about interper-
sonalinteractions. There is great potential for outdoor live streaming to include more than one on-screen streamer at
atime. Current live streaming techniques, however, do not support multiple streamers streaming together physically
or support the notion of supporting streaming roles.

When it comes to supporting multiple streamers together, current co-stream mechanisms are mostly enabling
remote collaboration between two streamers, such as showing the juxtaposition of two streamers' videos. This limits
the interactivity of streamers while collaborating in a co-located manner. For example, inviting guests (e.g., CP live
streams) is one form of collaboration, however, the communication channel between both streamers' communities
are con ned to the live commenting of each streamer's individual channel. Viewers should be able to have more
direct channels to interact with the guests who are streaming with the streamer and other streamer communities.
Future live streaming applications should have better mechanisms to merge the Danmaku of di erent streamers, and
support maintaining paimian of di erent streamers' viewer communities. For example, merged Danmaku should
clearly visualize the activeness of each streamer's viewer group. Viewers from di erent streamers should also be
able to specify which streamer their comments were targeted to or enable the platform to automatically classify
comments based on contextual information. Information about di erent streamers' streaming history should also
be aggregated, e.g., the places they have been to or plan to go to, and interactive maps showing streamers' status
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should also be available.

As noted by our interviewees, some outdoor live streamers have a team of assistants coordinating content behind
the camera. Most current collaborations, however, happen o ine and in the background because there are few tools
available to support real-time, live teamwork in outdoor environments. Some dedicated viewers expressed that they
would like to have more interactions with supporting team members and because they are already active in post-
stream activities, such as making video clips or summaries, they wanted to help the teams in real-time. Streaming
platforms could design interfaces to enable supporting teams to 0 oad certain tasks that can be done remotely to
viewers who are willing to help, and enable them to collaborate and ideate on the tasks e.g., searching for interesting
places to visit or crafting a story for streamers to tell in the stream,. The support teams should also be provided
with viewers' real-time data about their interests and sentiment analysis visualizations from comment data to help
support better decision making and streaming strategies.

Information Overload

As shown in previous work, the number of comments or Danmaku found in live streams is one of the major prob-
lems with live streaming services [100, 108]. Our work shows that gami cation elements like gifting, Danmaku,
fan badges, and rankings also overwhelm casual or light viewers, but are important for building engagement and
increasing paimian with dedicated viewers. As these types of engagement strategies will continue to be important
to viewers, live streaming services need to integrate more customizable user interface elements that can be tailored
to the needs and paimian desires of di erent segments of the viewing audience. For example, having the ability to
summarize comments or visualize an aggregation of popular terms would help with information overloading, as
would the ability to Iter topics or categories of Danmaku. Summarizing or aggregating the virtual gifts that are sent

to a streamer could prevent those who do not favor paimian from feeling overwhelmed by gifting, while maintain
the overall atmosphere of the stream. Further, to satisfy viewers who seek information (e.g., light viewers) and those
who enjoy Danmaku side shows (e.g., dedicated viewers), live streaming platforms should use natural language pro-
cessing techniques to classify comments, showing informative comments to information seekers and entertaining
information to those who enjoy Danmaku side shows.

Although comments and viewer generated content are one of the main contributors to information overload,
archive videos also contribute to the problem. Because outdoor live streams tend to be long, archived videos of
the streams are similarly long, often with many mundane sections of video, similar to life-logging videos. Even
though viewers want to catch up on the streaming content they missed, several dedicated viewers were unwilling to
watch archived videos of outdoor live streams because the length could be over 5 hours and the platforms have no
live commenting functionality. Live streaming platforms should adopt tools developed for organizing and reducing
redundancy of life-logging data, for example, detecting important objects, concepts, or locations and using them
for event identi cation, labelling, or segmentation [13, 14, 31, 166]. However, because live streams have video data,
Danmaku comments, and virtual gifts, future research should explore how to integrate these multiple video streams
with other multimodal data to provide a more representative archive of the highlights and interesting segments of
the stream.

Although there are many techniques that could be used to create better archive videos, several interviewees
were unwilling to watch edited videos because they felt that the videos might miss some points that they, but not
others, ndinteresting. Therefore, itis important that resources are devoted to developing visualization and tagging
techniques that summarize the events in streams and support interaction methods that enable viewers to quickly
compile their own “Choose [their] own adventure' narrative [137] or montage. By supporting post hoc interaction,
viewing, and engagement using techniques similar to the user interface mechanisms in StreamWiki [100], post-stream
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paimian may motivate viewers to support streamers in alternative ways that could bene t the streamer's community
as awhole.

Dealing with Unpredictability and Privacy

For outdoor live streaming, unpredictability can be bene cial and harmful. In some cases, streamers have been
banned from a platform because they encountered situations that caused inappropriate content to be live streamed
(e.g., gambling). Because it is di cult to moderate live videos, outdoor live streamers need better tools to be able
to identify potential risks in their content. AR-based overlays or computer vision detection algorithms could be
useful, as could the ability to temporarily introduce 5 or 10 second delays if the streamer is in a dangerous place.
Moderators, who have been shown to be active in helping streamers [146], or dedicated viewers, should have access
to real-time reporting or delay tools. Privacy is also an important challenge for live streaming [92]. Because outdoor
live streamers live stream longer than other genres and often show their journey from place to place, they create
large digital footprints and opportunity to be targeted by trolls or followed by infatuated fans in real life. In addition,

for those who stream travel, the likelihood of accidently displaying sensitive personal information such as passport
numbers, credit card numbers, vehicle licence plates, and so on is increased. Computer vision algorithms could be
integrated within live streaming platforms to pixelize or block such information to protect the streamer or their
guests. In addition to the streamer's privacy, there are also concerns about the privacy of the strangers who the
streamer interacts with. As most streams occur in public spaces, it could be easy for guests or passersby to forget
that their actions and behaviors are being streamed in a form that could be archived, remixed, and reviewed for years
to come. While using a temporary delay or blurring of some actions may be a short term solution [118], platforms
should develop video and audio comparison techniques that can notify guests or passersby if they are behaving in
ways that di er their own social media postings. Because passersby or guests could become a meme, virally famous,
or stalked online or in person, live streaming platforms must introduce better mechanisms to alter video content that
contains identi able information when necessary, replace the background of an environment, or modify the visual
appearance of guests if desired.

Bridging the Urban/Rural Divide through Outdoor Live streaming

Most of the survey and interview participants lived in urban areas, however, they were interested in live streams
about more rural locations where activities such as survival, shing, or hunting occur, and they were interested in
food from the wild and outdoor skills. Some even wanted to purchase food or crafts from streamers in rural ar-
eas, similar to the e-commerce activities found during live streams of intangible cultural heritage practices such as
dough gurine or Chinese calligraphy [98]. Outdoor live streams involving inter-personal interactions and con-
versations with strangers in cities are also becoming more prevalent, with viewers from suburban areas enjoying
living vicariously through live streams that showcase luxurious city lifestyles or life in foreign countries. There thus
appears to be an opportunity to use live streaming to inform rural viewers about current urban trends and urban
people about rural life to bridge these two geographic and socio-economic locations. For example, live streaming
platforms should enable viewers to easily get necessary contextual information about the content being shown in
live streams, enable them to express their interest in purchasing physical objects showcased in the video, and enable
streamers to sell them with ease. Platforms should thus introduce new leaderboards and badge or gifting types, add
additional sub-categories to the outdoor live streaming category, promote streamers outside streaming platforms,
and o er functionality to connect streamers to cultural or community groups. One potential challenge to this may

be that streamers' communities might not be inclusive and there may be cultural or language challenges that dis-
courage viewers from the other groups from participating in the community. There should thus be better tools to
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enable a welcoming environment within a live stream so that the two groups can interact with each other, perhaps
including real-time translation services, volunteer moderators from community groups or non-pro t agencies, au-
tomatic captioning [11], and mapping and summarization widgets to provide geographic-based context or historical
information.

45 Conclusion

This work examined viewers' experiences when watching outdoor live streams and engaging with outdoor live
streamers' communities within the context of China. The results from the survey and interviews revealed that a
diverse range of outdoor activities are streamed on popular live streaming platforms in China and that di erent
categories of outdoor live streams engage di erent segments of the viewing audience (i.e., dedicated, casual, and
light viewers). Dedicated viewers watch an outdoor live stream for excessive periods of time in one sitting (e.g., 5
hours), and are vicariously engaged with streamers' content and communities, while casual and light viewers are
less engaged, and watched more for information and personal ful Iment. We also found that, for dedicated viewers,
Danmaku is used to create a concurrent side show during a live stream, and it can sometimes be more engaging
than the live stream itself. Gifting behaviors were also found to be deeply rooted in the Chinese cultural element of
paimian . By identifying unique challenges that viewers and streamers encounter within the realm of outdoor live
streaming, e.g., contextual unpredictability and privacy concerns, the results of this work should help improve the
design of live streaming platforms and enable the community to better understand the in uence and e ects of such
live streaming content on viewing audiences, both inside and outside of China.
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Understanding Live Streaming of
Intangible Cultural Heritage

Figure 5.1: ICH(Intangible Cultural Heritage)-related live streams on Kuaishou, a live streaming and video shar-
ing mobile application, where streamers live stream videos of themselves engaging in cultural practices such as (a)
traditional Chinese painting, (b) Gugin (Chinese Zither), (c) sculpting Dough Figurines, (d) Pit Carving, (e) Chinese
calligraphy, and (f) Shadow play.

5.1 Intangible Cultural Heritage and Live Streaming

As noted by UNESCO (United Nations Educational, Scienti ¢, and Cultural OrganizaGiolt)yal diversity is as
necessary for humankind as biodiversity is for fi@@lireOver the last few decades, globalization has led to an
increased sense of urgency to maintain cultural diversity through the protection and promotion of cultural heritage
[82]. Most often, preservation activities focus on entities of tangible cultural heritage, e.g., monuments and historical
sites, however, there has been a growing interdastamgible cultural heritag€H). Intangible cultural heritage

refers to social practices and traditions rooted in local cultures, such as oral traditions, customs, language, music,

1Edited reprint with permission from | feel it is my responsibility to stream: Streaming and Engaging with Intangible Cultural Heritage
through Livestreaming by Zhicong Lu, Michelle Annett, Mingming Fan, and Daniel Wigdor, 2Pt8céedings of the 2019 CHI Conference on
Human Factors in Computing Systems (CHP& ) 229, 1 14. DOMttps://doi.org/10.1145/3290605.3300459 . Copyright 2018 by
Lu, Annett, Fan, and Wigdor. Publication rights licensed to ACM.
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