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This paper explores the role of live streaming in distributed collaborative software development using indie
game development, an end-user driven creative community, as an example. We conducted 27 in-depth
interviews with indie game developers from various cultures and countries, who had engaged in live streaming
for collaborative software development either as a streamer or a viewer. Our findings show how live streaming
can be used by indie game developers to support their endeavors to innovate the traditional game development
model, which goes beyond just learning and teaching technical skills. We also highlight the potential challenges
indie developers face in this process. We thus make unique contributions to CSCW by bridging the previously
often disconnected research agendas on collaborative software development and live streaming.We also provide
potential directions for designing future live streaming platforms to better support distributed collaboration
in emerging end-user driven creative activities.
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1 INTRODUCTION
As an emergent form of interactive media, live streaming has become a growing research agenda
in CSCW and HCI [51, 53, 74, 112, 118]. Live streaming started as a niche, non-mainstream media
platform for video game players to share their gameplay in real time and to communicate with other
players. More recently, it has evolved into an interactive online space for learning, teaching, and
mentoring various creative, artistic, and technological skills [19, 25, 26, 33, 34, 49, 114]. It has also
been widely used by communities that focus on creativity and innovation to live broadcast their
projects and technological processes, seek feedback and support, and interact with the audience in
real time [4, 18, 25, 49].
One such community is the independent [indie] game development community. Indie game

developers are those who do not affiliate with large game companies or publishers but make and
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publish games in alternative ways such as self-funding/publishing, small teams/studios, and free
labor. They are playing an increasingly important role in shaping the global gaming community [32,
35, 88]. For them, live streaming seems to demonstrate the potential to support new and promising
forms of distributed collaboration, especially in the context of global software development (GSD)
– software development practices where geographically distributed collaborators are mutually
engaged and thus interdependent in development activities in order to design, program, and
implement a technical system or product [6, 11, 76].

However, despite growing research interests in collaborative software development (e.g., [6, 11,
76, 80]) and live streaming (e.g., [18, 25, 49, 61, 103]) in CSCW and HCI, these areas have been
studied separately without research integration. For example, studies on live streaming tend to focus
on game streaming [61, 103], esports commentating [62, 66] or social interaction [16, 51, 64, 112].
A small body of work has also highlighted the nuances of using live streaming for learning and
teaching coding and programming [4, 18, 25, 49]. How live streaming can be further leveraged
to support creative and innovative practices beyond teaching and learning skills is understudied.
In contrast, studies on collaborative software development tend to focus on workplace settings
(e.g., [6, 11, 76]) or open-source software (OSS) communities (e.g., [22, 78, 97]) with professional
and/or expert developers. How emerging technologies may support new distributed collaborative
dynamics in software development by developers of various levels and experiences requires more
research.

This disconnect thus motivates this study to explore collaborative practices occurring during live
streaming as an emerging example of collaborative software development. We believe that such an
investigation is critical for the CSCW and HCI community. There are two reasons for that: one is
that live streaming has grown beyond gaming and plays an increasingly important role in people’s
online lives. How it can be designed to support and facilitate the ways people share and create
content and work together in various contexts, including creativity and innovation, needs to be
examined. The other is that while distributed collaboration has been a long-standing research focus
in CSCW, global events such as COVID-19 have placed even more focus on understanding and re-
imagining remote experiences. For example, the viewership of Twitch.tv increased by 31% in March
2020 [104]. We may expect live streaming to become even more important for computer-mediated
collaboration, such as collaborative software development, in the near future.
In particular, we chose indie game development, rather than other development communities

that have been studied before (e.g., online programming mentoring as in [19, 25, 26] or OSS com-
munities [22, 78, 80, 97]), as our research context to bridge the two research agendas mentioned
above. We understand indie game development as a modern and novel exemplar of end-user driven
creative activities - activities that everyday users can engage with technology in novel and more
participative ways through which their labor, innovation, and power can be fostered, acknowl-
edged, and distributed [40, 41, 113]. These activities, such as DIY making, hacking, crafting, open
design/manufacturing [7, 50, 69, 70], are outcomes of the new bottom-up technological innovation
model and the democratization of technology (i.e., making technology more broadly distributed and
accessible to more people) [69, 70, 102]. Indie game development attracts geographically distributed
amateurs, non-traditional technology users, and people who have little to no prior experience
in game development [36, 37]. This differs from traditional workplace settings or OSS commu-
nities that mainly focus on tech savvy or expert developers. As the indie community is making
tremendous contributions toward the booming creative industry, how developers of all levels work
together to shape modern software/game development must be investigated to explicate new forms
of distributed collaborative practices.
In addition, the indie community demonstrates unique labor setups, production methods, and

expectations for collaboration and participation with a broader aspiration to innovate the traditional
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game development model [32, 35, 77, 88]. Their collaborative practices thus go beyond just online
programming mentoring, teaching, and learning [19, 25, 26, 49]. Studying this community, therefore,
can inform our understanding of nuanced live streaming experiences in collaborative software
development beyond the educational aspect. Such knowledge can also help us better understand
how live streaming can be designed to support other similar end-user driven collaborative activities
that focus on innovation and creativity (e.g., DIY making, hacking, crafting, and open design and
manufacturing).
Drawing on 27 in-depth interviews with indie game developers from various cultures and

countries, who had engaged in live streaming for collaborative software development either as a
streamer or a viewer, we focus on the following research questions:

RQ1: How do indie game developers use live streaming to support their collaborative game
development beyond learning and teaching programming?
RQ2: What challenges do indie game developers often encounter when collaborating

through live streaming?
We make unique contributions to CSCW by bridging the previously often disconnected research

agendas on collaborative software development and live streaming. We do so in three ways. Firstly,
using indie game development as an example, we draw on collaboration theories to explain emerging
practices of end-user driven collaborative software development through live streaming. We thus
extend existing CSCW research on distributed collaboration by focusing on how collaborative
software development can be conducted in newways and by new populations beyond the traditional
workplace settings or OSS communities that often focus on professional or expert developers.
Secondly, we contribute towards prior literature on live streaming for coding, programming,
and online mentoring (e.g., [19, 25, 26]) by shedding light on how live streaming can be used
beyond teaching and learning skills, such as for community building and/or advocating aspirational
agendas. Thirdly, we identify challenges and risks involved in using live streaming for distributed
collaboration in software development. We also provide potential directions for designing future
live streaming platforms to better support distributed collaboration in emerging end-user driven
creative activities.

2 RELATEDWORK
Our work is grounded in three interlinked strands of research in CSCW: distributed collaboration
and software development; indie game development as an emerging form of collaborative software
development; and live streaming for interacting, learning, and programming. We believe that our
focus will uniquely bridge prior literature on collaborative software development and live streaming
in a creative and innovative context.

2.1 Distributed Collaboration and Software Development
Collaboration is essential to gather and organize crowds and to optimize their power. D’Amour et al.
summarize five basic elements of collaboration: sharing, membership, interdependency, power, and
process [24]. Sharing includes a series of shared practices, such as shared responsibilities, shared
decision-making, and shared values. Membership requires open communication, mutual trust, and
respect. Interdependence means mutual dependence (e.g., see [27]). Power implies relationships
and interactions between team members, and process points out that collaboration is not static or
predetermined but changeable over time. Based on these elements, collaboration is considered as a
powerful dynamic, a major social activity, and an important interpersonal cohesion.
As collaborative technologies continue to help connect people in different times and spaces

[12, 43], distributed collaboration in various contexts has become a central research agenda in the
CSCWcommunity.While theories of distributed collaborationwork also continue to evolve (Table 1),
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Table 1. Three Main Theories on Collaboration. Adapted from D’Amour et al. [24], Biuk-Aghai et al. [10], and
Olson et al. [12, 84, 85]

Theory Elements Description Examples

D’Amour et al. Sharing A series of shared practices Shared responsibilities
Shared decision-making
Shared values

Membership A collegial-like relationship Open communication
Mutual trust and respect

Interdependency Mutual dependency Synergy among members
Maximized individual contributions

Power The simultaneous empowerment of each
participant whose respective power is rec-
ognized by all

A product of the relation-
ship and interactions be-
tween team members

Knowledge and experience
Process Collaboration is an evolving process A dynamic and interactive

process
A transforming process
An interpersonal process
A structuring of collective action

Theory Patterns Description Examples

Biuk-Aghai et al. Artefact-Exchange Two or more users exchanging artefacts Uploading, replacing, and
opening an artefact

Artefact-
Management

Two or more users managing the set of
artefacts

Deleting, assigning, and de-
assigning artefacts

Group-Discussion Two or more users exchanging discussion
statements

Posting and opening discus-
sion statements

Message-Exchange Two users exchanging directed messages Sending messages
Workspace-Setup Two or more users configuring the setup

of a workspace
Adding users to a workspace,
creating a role, creating a dis-
cussion forum

Theory Aspects Description Examples

Olson et al. Common Ground The knowledge that people share and that
they know the other shares

Describing the same event or
idea differently when talking
to different people

Coupling of Work The extent and kind of communication re-
quired by the work

Coauthoring an article

Collaboration Readi-
ness

The motivation for coworkers to collabo-
rate

Learning a technique if be-
ing paid overtime

Collaboration Tech-
nology Readiness

The difficulties faced in adapting, adopt-
ing, and bringing collaboration technolo-
gies into use

Spending time to develop
technological frames

Organizational Man-
agement

The practices by which management activ-
ities are part of shaping the fundamental
premises for collaboration without proxim-
ity

Having respective travel
policies in each local organi-
zations from the same large
global organization

special attention has been paid to distributed collaboration in work environments where creativity
and innovation is considered a hallmark of successful work (e.g., software development) [9, 63].
Therefore, a large body of work has explored collaborative practices in global software development
(GSD) – software development practices where geographically distributed collaborators aremutually
engaged and thus interdependent in development activities in order to design, program, and
implement a technical system or product [6, 11, 76].
For example, focusing on organizational dynamics and the workplace, Biuk-Aghai and Simoff

identify five patterns of virtual collaboration in online collaboration systems, namely, artifact-
exchange, artifact-management, group-discussion, message-exchange, and workspace-setup [10].
Olson and Olson highlight five aspects of distributed work in GSD – common ground, collaboration
readiness, collaboration technology readiness, coupling of work, and organizational management
[84]. In addition, awareness, including both a general awareness of the entire team and more detailed
knowledge of individual collaborators on the team, is generally considered necessary to overcome
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time and distance challenges in distributed software development teams [46]. Yet, challenges to
foster awareness have been identified, including the tendency to ignore unpopular ideas and
lose track of novel ideas as well as the lack of critical evaluation of opinions and reflections
[29]. Building trust is also found to be challenging in distributed software engineering teams
[3, 105]. However, maintaining socially correct behavior, exhibiting technical competency, and
demonstrating concern for others as well as informal, non-work related communication can
promote trust [3, 105]. Matthiesen et al. further highlight several cultural blind spots in conducting
distributed collaboration in GSD as well, including an increased number of interruptions, lack of
translucence of remote colleagues’ work, and the re-definition of boundaries between work and
articulation work [76].
Another strand of important research focuses on collaborative software development beyond

the organizational and workplace settings, such as the open source software (OSS) development
community [22, 78, 80, 97]. OSS development often requires advanced technical skills to enter and
extensive efforts to support [116]. Unlike traditional software development, OSS development can be
viewed as a participative system where developers are bonded together through collaboration [81].
In particular, members of the OSS community are highly motivated to make their own contributions,
work closely with other developers on various tasks, and use communication tools extensively
[116]. Even if OSS development lacks many of the traditional coordination mechanisms for software
development [80], its focus on critical peer review and idea sharing may make it do better than a
proprietary organizational form [59].

In summary, existing CSCW research has demonstrated the continuous need and challenges for
supporting distributed collaboration and varied socio-technical relationships in different contexts of
software development practices (e.g., organizational, workplace, and open source) [6, 11, 58, 76, 91].
However, prior research seems to mainly focus on tech savvy or expert developers’ distributed
collaborative practices in software development. Examples include workplace settings like an inter-
national IT firm, or knowledge-based online communities like OSS development where professional
developers can write and share code and collectively contribute to developing and upgrading
sophisticated software (e.g., operating systems) [79, 97]. Advanced technical skills and extensive
experience are often required to engage in these practices. In contrast, while new forms of end-user
driven collaborative activities that focus on innovation and creativity (e.g., DIY making, hacking,
crafting, open design and manufacturing, and indie game development) are actively restructuring
today’s tech industry [69, 70, 102], these activities often are conducted by end users with varying
degrees of technical skills and through new and novel computer-mediated methods. How these
new phenomena and populations may shape the landscape of distributed collaboration in software
development will need more research. We thus introduce indie game development as a growing
form of collaborative software development, which goes beyond a traditional workplace setting
and is open to developers at all levels.

2.2 Indie Game Development as an Emerging Form of Collaborative Software
Development

Indie games have been broadly defined as games that are consciously created within alternative
production and distribution structures outside of the mainstream game companies [71]. Drawn upon
this understanding and grounded in our engagement in the indie game development community
since early 2017, in this paper we define indie game developers as people who do not affiliate with
large game companies or publishers but make and publish games in alternative ways such as self-
funding/publishing, small teams/studios, and free labor. Recent industry reports have highlighted
the success of indie games in economic growth and technological innovation: indie gaming has
become one of the fastest-growing and most influential segments of the video game industry, which
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produces 80 billion dollars in annual revenue [8]; indie games have also dominated the mobile
gaming market, accounting for 68% of all mobile game sessions [28].
As highlighted at the beginning of this paper, we chose indie game development as our re-

search context because it is a modern and novel exemplar of end-user driven distributed software
development. First, indie game development attracts geographically distributed amateurs and
non-traditional technology users [32, 36, 37, 86, 88], which differs from OSS communities that
often consist of expert developers and focus on sophisticated software products. Therefore, indie
game development shows potential to establish an equitable and inclusive space for traditionally
excluded groups in game development: financially independent developers self-fund their produc-
tion; the creativity independence originates from autonomous decisions of the developer; and indie
games can be self-published as a common practice in the shareware era [42]. In this sense, indie
game development is highly collaborative and often depends on collaborators with geographical,
time, and even cultural differences, which serves as a foundation to engage a broad community of
developers of all levels [32, 88, 95, 108].

Second, compared to the mainstream gaming industry, the indie game development community
demonstrates different labor setups, development life cycles, production models, and expectations
for collaboration and participation in innovating game development. The indie community often
considers itself anti-establishment and anti-authoritarian [71]. O’Donnell points out that indie
games focus on a small number of clear design and aesthetic goals and can be developed at a
much smaller scale in terms of workload and manpower [86]. Freeman et al. add that indie games
are also developed by small teams of distributed developers who emphasize developer-player
interaction [36]. “Being indie” thus seems to represent a new business and innovation model of
game development, which has the potential to reconfigure and revitalize how modern digital
games are developed, distributed, and perceived [77]. Therefore, at least a subset of the indie game
development community self-identifies as a new form of “rebellious entertainment" [99] and a new
counter-culture that advocates a more participative and democratic form of game development
through collaborative efforts [32, 35, 88].
Over the past several years, live streaming has been effectively incorporated by the indie com-

munity in these efforts and aspirations. Game Development has become a popular content tag on
Twitch, one of the biggest and most popular live streaming platforms in the world. The subcommit-
tee of “Science & Technology” in the Twitch Creative community hosts most game development live
streams, which has over 447,000 followers [1]. Twitch Developers was also created as a main hub for
game developers and designers on Twitch to share and deliver their development practices through
live streaming [2]. In addition, Twitch has published a “playbook” to encourage indie developers
to integrate Twitch into any part of their game development life cycle, including acquiring new
players, creating new engaging experiences, retaining players by creating a watch/play loop, and
monetizing [4]. Prior research has also shown that many indie developers use streaming platforms
such as Twitch to socialize, promote, and share what they are working on [35].

In this sense, live streaming seems to play an increasingly important role in advocating the indie
values and aspirations as a counter culture and supporting indie developers’ various development
practices, such as helping novice indie developers jumpstart their game design and development
[36]. While similar practices have been reported in previous live streaming studies on learning and
teaching game-related coding and programming [19, 25, 26, 49], in this paper, we explore how indie
game developers may use live streaming beyond just as an online learning space to collaboratively
pursue their aspiration for innovating the traditional game development model. In the next section,
we review existing live streaming scholarship and how our study may extend this body of research
by focusing on indie game developers’ collaborative practices through live streaming.
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2.3 Live Streaming for Interacting, Learning, and Programming
In recent years, popular live streaming platforms and services such as Twitch.tv, YouTube Live, and
Facebook Live have become part of pop culture and attracted millions of viewers and streamers. For
example, Twitch.tv, one of the primary live streaming platforms, has approximately 15 million daily
active users and 7.7 million active channels [56]. Different from traditionally televised broadcasting
and pre-recorded videos that can be cut and edited, live streaming is simultaneously recorded and
broadcast in real-time on media platforms. It combines high-fidelity video presentation with a
low-fidelity text-based communication system [51]. This increases user engagement by enabling
viewers to interact with each other and with the streamer. Other interactive features are also
embedded in live streaming platforms to strengthen social presence and interaction, such as gifting
[74, 118] and donating [111].

Focusing on these unique interaction dynamics, existing literature has explored live streaming as
a nuanced online social space [16, 17, 53, 115], a form of cultural production [44, 89], part of digital
economy [60, 111], an engagement with cultural heritage [73], a demonstration of affective labor
and online performance [66, 112], and an online community involving content moderation and
privacy concerns [68, 92, 93, 109]. A growing body of work has also explored how live streaming
can be used for learning and teaching various skills (including creative, artistic, and technological
skills) in an interactive way. Such research has highlighted the contexts and main features of
learning and teaching through live streaming:

Contexts of Learning/Teaching. Live streaming can facilitate teaching and learning in diverse
contexts and topics. For example, computer science practitioners can learn and teach programming
through live streaming [49]: developers can learn writing code either in streams with a small online
audience [25] or at scale with a large number of viewers [19]. Artists can gather around certain
stream channels and learn drawing using particular design software [33, 114] and other related
creative skills such as video editing, crafting, and music [34]. Live streaming can also be used
to facilitate language learning – e.g., streaming online language lessons to offer more real-time
interactive experiences between language teachers and learners [17].

Features of Learning/Teaching. Previous studies have identified three main features of learn-
ing/teaching practices through live streaming. First, many online users’ learning/teaching practices
mainly benefit from the interactivity of live streaming regardless of their various learning con-
texts/topics. For example, multiple mentoring types could emerge during real-time interaction
through live streaming: streamers and viewers could mentor each other; and viewers and viewers
could also have the chance to mentor each other [26]. Second, live streaming can facilitate effec-
tive learning/teaching because participants engage in these practices through a combination of
live audio, video, and text interaction. This is especially useful for teaching and learning creative
practices: streaming authentic projects from start to finish at real time makes the learning and
teaching process more understandable and approachable [34]. Third, streaming communities are
often formed around a shared identity drawn from the stream’s content and the shared experiences
[51]. Therefore, live streaming helps cultivate communities of practice (i.e., groups of people who
share a concern or a passion for a domain they do and do it better in a process of collaborative
learning and regular interaction to share knowledge, stories, and skills [26, 107]). This particularly
benefits community-based learning and teaching by focusing on collaboratively learning skills
through doing.
In summary, prior work has revealed the nuances of live streaming as a collaborative and

interactive environment for learning and teaching skills (e.g., coding and programming). In this
paper, we endeavor to explore the potential of leveraging live streaming to support end-user driven
creative practices, such as collaborative software development in the indie context. A core value
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in end-user driven creative communities, such as the indie game development community, is to
make technological practices more participatory, democratized, and accessible to everyday users
through collaborative efforts [5, 69, 102]. While teaching and learning can be important to indie
game developers’ collaborative practices (e.g., sharing new skills and tools), their collaboration
goes beyond just teaching and learning to advocate the indie culture.

3 METHODS
Data Collection. This study is part of a broader, multi-year research project on studying indie
game development as public engagement in technological innovation. To recruit participants, we
posted messages on Reddit, Facebook groups, and multiple Discord channels for game developers to
recruit interviewees who self identify as indie game developers and have experienced live streaming
(either as a streamer or a viewer or both) for game development in the past 12 months. We also
directly contacted game developers in the USA who we already knew and asked their willingness
to participate using a snowball sampling. All developers who responded to our requests and agreed
to participate were interviewed. In total, 27 semi-structured in-depth interviews were conducted.
Interviews were conducted via voice or text chat through Discord, Google Hangouts, or Skype based
on participants’ preferences from October to November in 2019. No video calls were conducted
in order to protect participants’ privacy. The average length of interviews was 60 minutes, and
participants were given a $20 gift card after they completed the interviews.

Participants. Out of the 27 participants, 4 self-identify as woman, 1 as gender non-binary, and
22 as man. Participants aged from 18 to 51 years with an average age of 28.5 years. Eight of them
(29.6%) self-reported their engagement in indie game development as a full-time level and 19 (70.4%)
self reported as a part-time or hobbyist level. Specifically, participants considered themselves "full
time" if they were developing indie games as a full time job. They considered themselves "part time"
or "hobbyist" if they had other full time job(s). We acknowledge that these self-reported categories
do not always reflect participants’ engagement level in the indie community - some participants
may engage with the indie game community to an extreme extent but they are not developing
indie games full-time. Participants have also engaged in indie game development in various roles,
such as organizers of related events, developers, sound engineers, artists, studio owners, producers,
and educators. Participants were located in different countries, including the USA, Canada, India,
Malaysia, South Korea, Australia, Nigeria, Brazil, Russia, Japan, the UK, Belgium, and Austria. In the
study, they engaged in live streaming either as a streamer or a viewer or both; and most participants
streamed or watched streams on Twitch Creative. Table 2 summarizes participants’ demographic
information.
Interviews. Interviews started with basic demographic questions and moved to participants’

general experiences of indie game development. Then participants were asked about their experi-
ences and attitudes towards using live streaming in game development, including any collaborative
experiences or activities through live streaming. Examples of interview questions included: “What
do you often use live streaming for?”, “Have you engaged in any form of collaborative activities through
live streaming? What are they? How did you conduct such activities?", and “Have you interacted with
streamers or other viewers? Have you conducted any form of collaborative activities with streamers
or viewers? And how?” They were also asked about the impacts of policies or politics on their
collaboration and the role of live streaming in broadening participation and collaboration in game
development. A set of interview questions was about participants’ experiences of virtual and/or
face-to-face game jams, which was reported in our previous works [38, 65].
Data Analysis. Using a Grounded Theory Approach [15, 98], we conducted an empirical, in-

depth qualitative analysis of the collected data. Based on Charmaz’s guidelines for qualitative
analysis [15], we first closely read through the transcribed interview data line by line to acquire
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Table 2. Demographic information of interviewees

ID Gender Age Country Occupation Full/Part time Experience
Indie (Years)

P1 Man 30 USA Unemployed Hobbyist 2
P2 Man 26 Austria Unemployed Hobbyist 4
P3 Woman 24 N/A Software Engineer Hobbyist 2.5
P4 Man 35 USA Wood Worker Hobbyist 9
P5 Man 28 Malaysia UX Designer Hobbyist 4
P6 Non-binary 27 South Korea Teacher Hobbyist N/A
P7 Man 18 Canada Student Hobbyist 4
P8 Man 19 USA Student Hobbyist 6
P9 Man 31 USA Architect Hobbyist 19
P10 Man 18 USA Student Hobbyist 4
P11 Man 50 USA Indie Developer Full Time 28
P12 Man 20 USA Student Hobbyist 2
P13 Man 18 India Student Hobbyist 7
P14 Man 23 Nigeria Indie Developer Full Time 4
P15 Man 24 Brazil Indie Developer Full Time 7
P16 Man 22 N/A IT Contractor Hobbyist 10
P17 Man 40 USA IT Hobbyist 2
P18 Woman 30 USA Indie Developer Full Time 3
P19 Man 25 Belgium Indie Developer Full Time 7
P20 Woman 18 USA Artist Hobbyist 1
P21 Man 51 Russia Indie Developer Full Time 15
P22 Man 46 Japan Indie Developer Full Time 23
P23 Man 28 Australia Unemployed Hobbyist 15
P24 Man 37 UK Unemployed Hobbyist 27
P25 Man 22 USA Student Hobbyist 2
P26 Man 24 UK Software Developer Hobbyist 12
P27 Woman 36 USA Indie Developer Full Time 9

Note: Country – country of origin; N/A – participants preferred not to answer.

a general understanding of the whole picture regarding indie game developers’ collaborative
experiences via either watching or streaming game development practices. We then conducted
open coding of the data inductively to generate initial categories and wrote conceptual memos (e.g.,
emotional support during streaming and viewers’ participation). Next, we identified a preliminary
set of narrative categories (e.g., social and technological support during streaming, challenges due
to the platform design itself) through axial coding, which highlighted the ways of live streaming can
be used beyond teaching and learning skills and the potential challenges. For example, we combined
categories such as “information overload", “much social interaction with audiences", and “social
stress to manage live streaming technology" together as a broader category "too much distraction
during streaming." We carefully examined and reviewed the categories regarding each research
question for further analysis by focused coding. We also worked together in an iterative process to
extract quotes and discuss, combine, and refine categories. Lastly, we used the extracted quotes and
refined categories to generate a synthesized description to answer our research questions.

4 FINDINGS
In this section, we first describe how indie game developers use live streaming in various aspects
to support their collaborative game development beyond learning and teaching skills (RQ1). We
then identify major challenges for indie developers to use live streaming as a collaborative space
for game development (RQ2).

4.1 Live Streaming for Collaboration in Indie Game Development beyond Learning &
Teaching

In addition to learning and teaching technical skills, our participants leverage live streaming to
support their collaborative efforts for innovating game development in three ways, including
facilitating a democratic and participatory model for game development, building a collective
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presence to increase the public visibility of indie game development, and fostering an open and
supportive indie culture for collaboration.

4.1.1 Leveraging Live Streaming to Facilitate a Democratic and Participatory Model for Game
Development. Similar to prior literature on live streaming, our participants also acknowledge
that the uniqueness of live streaming is that streamers and viewers can “bounce ideas off people”
(P8, man, 19, USA, Hobbyist) in real time. This feature allows indie developers to collaboratively
and synchronously design, develop, solve problems, and socialize with streamers and viewers in
the moment. In this sense, live streaming platforms can be used to facilitate a democratic and
participatory game development model where potential game players (e.g., audiences) can actively
engage in the game design and developmental process as partners.
For instance, participants highlight how they can use live streaming to transform potential

players from passive recipients of their games to active partners in their game development through
two-way communication, which seems to foster a more democratic model of game development. P10
(Man, 18, USA, Hobbyist) mentions that indie developers who stream their ongoing development
processes also effectively collect various feedback from the audiences, which can be incorporated
into their final products:

“If somebody is making a game, and I’m interested in following it, I like seeing
the development process and maybe they’ll be drawing up some art and they’ll
ask the chat: ‘Hey, how does my cool enemy look?’ ‘Oh, we should do it more
this way.’”

According to P10, live streaming indie game development is similar to online participatory
design [90]: developers who are streaming often invite viewers (who are potential players) to
participate in the development process by giving comments, feedback, or suggestions through live
chat. In this way, potential players actively engage in various aspect of game development (e.g.,
ranging from game background music production and avatar’s visual design to game storyline)
early in the development cycle. This thus changes viewers’ role from potential users to “co-designer"
[90] (e.g., people who are not trained in design working together with designers in the design
and development process) of a digital game and makes the game development process highly
collaborative.

Similarly, P1 (man, 30, USA, Hobbyist) adds,

“People might make suggestions to the way a game goes. And so it’s a little bit
like they’re voting and giving feedback. And I think that can be a really cool
thing for a programmer developer because they’re getting feedback on the way
people wanted it to.”

P1’s account further highlights how live streaming can foster a democratic space for indie game
developers and potential online players to work together – it is almost as if players, as audiences,
collectively contribute to the developers’ decision-making (e.g., by voting on the game design
feature that they liked most). In a stream, every viewer is able to type their own thoughts and
communicate with other viewers through the embedded live chat. All chats and comments are also
publicly visible to all viewers in the stream and the streamer. In this process, both the streamer and
the viewers engage in collaboratively evaluating and identifying the most popular, reasonable, and
best-supported feedback or suggestion in real time. The developer/streamer can then incorporate
these feedback into their game development in turn.

For some other developers, the benefits of using live streaming for democratic and participatory
game development with players may even go beyond the design stage. Many perceive live streaming
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as a useful hub for evaluating how their games work by watching how players interact with their
games after releasing:

“It’s incredible that you can learn so much from watching people play or do
things that you would never expect people to do. I think that it’s much more
rapid feedback than ever before.” (P11, man, 50, USA, Full Time Indie)

According to P11, the democratic nature of live streaming facilities the playtest phase. This
provides “much more rapid feedback than ever before” and helps him further improve the design of
his game. Especially, unlike lab-based playtests, such spontaneous “live streaming user tests” may
produce more authentic feedback and reveal how players actually play the game in real-world (e.g.,
“do things that you would never expect people to do.” )

Therefore, for indie game developers, live streaming is not merely about “watching” or “interact-
ing” but “participating,” which promotes a sense of interdependency and democracy. On the one
hand, indie developers can be streamers who stream their game development process to gather
feedback from viewers and then incorporate those into their products. They can also be viewers
who watch streams of gameplay to collect spontaneous playtest data. On the other hand, potential
game players actively participate in the game design process as viewers (audiences) and help the
streamer/developer succeed, so the final product can better meet their own interests and play needs.

4.1.2 Leveraging Live Streaming to Collaboratively Build the Presence of the Indie Community.
People are able to locate streams they want to watch or promote by searching keywords or adding
hashtags to a live stream. Many streaming platforms also allow users to broadcast their events to
a massive audience. Our participants also mention that they often leverage these benefits of live
streaming to collaboratively build the presence of the indie community. This is critical to many
indie developers as visibility has been recognized as a significant challenge for promoting and
facilitating indie game development [35]. As an end-user driven creative community, indie game
developers share the aspiration for standing together to have a stronger voice.
Therefore, P11 (man, 50, USA, Full Time Indie) views live streaming as an important means of

“collaborative marketing” for indie game developers to collectively build their stronger presence
together online:

“I enjoy sharing my process with others and explaining what I’m doing, [...] and
letting people play it, see what’s coming up or see how I make things or give a
little preview of whatever new features that are coming to the game. Those are
things I do. So it’s marketing. The number of indie developers who stream is also
increasing so we can market the concept of indie games all together.”

According to P11, live streaming provides indie game developers with a free public platform to
present their talents. It also provides viewers with a channel to learn about indie developers and
even reach out to them. In addition, live streaming attracts and gathers indie game developers all
over the globe and helps them present indie games as a growing industry trend and indie game
development as a novel tech community. This collective presence goes beyond individual developers’
personal efforts, which further reinforces the visibility of indie game development to the general
public. It also motivates developers’ collaborative efforts to gain acknowledgment, understandings,
and recognition. P23 (man, 28, Australia, Hobbyist) and P17 (man, 40, USA, Hobbyist) both explain
how such collective presence may emerge:

“Rather than just watching something passively, you can actively communicate
with the person on the screen and you can ask them questions about the game,
you can talk about your game if they’re open to it. [...] And if they can do this with
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many developers, they kinda get a good idea about what indie game development
is in a collective way.” (P23)
“It can be a good way to start to build an identity of indie game developers as a
community. With a more visible community, people are going to be interested in
your end result so it can basically be PR for a game or your team.” (P17)

According to P23, a unique benefit of using live streaming in indie game development is that
indie developers can interact with viewers in a more identifiable and personable way – because they
can present themselves as real human beings, rather than faceless names attached to their products.
This makes both developers and viewers more willing to participate in online interactions and
communications. It also helps developers grow closer to their audiences and helps the general public
better understand the indie culture and practices. Similarly, in P17’s account, indie game developers
can cultivate a sense of their own community and identity by having a collective presence on live
streaming. This helps spread knowledge and information about indie game development through
word of mouth, which increases public awareness of this particular tech community.

4.1.3 Leveraging Live Streaming to Foster an Open and Supportive Indie Culture for Collaboration.
It is also important for our participants to leverage live streaming to foster an open and supportive
indie culture for collaboration. This is not only “valuable to help create a community” (P7, man, 18,
Canada, Hobbyist) but also to maintain the tenacity and closeness within the community. They
especially highlight two main ways through which live streaming can be used to foster such an
collaboration-friendly atmosphere: maintaining collaborative relationships in a more natural way,
and encouraging various types of community support.

Maintaining Collaborative Relationships in a More Natural Way. Participants point out
that live streaming can be used as a casual, natural, and less awkward way to maintain relationships
with potential collaborators. P16 (man, 22, N/A, Hobbyist) reveals,

“Compared to just DMing somebody out of the blue or Tweeting at somebody,
a very nice, casual, no pressure way to keep up with people is to just start live
streaming or go on to somebody’s live stream and have a chat with them.”

With the feature of casualness and spontaneity, idle chatting via live streaming becomes an ideal
way for indie game developers to get closer with each other and build friendships for potential
future collaboration. P26 (man, 24, UK, Hobbyist) and P22 (man, 46, Japan, Full Time Indie) share:

“I tend to chat with them and make fun of the others as well.” (P26)
“Sometimes just like socializing, like ‘How are your kids?’ [...] Just whatever the
natural kind of emerging social culture that seems to come from that sidebar with
everyone talking in it.” (P22)

For both participants, the importance of engaging in live streaming is not merely about learning
skills and discussing game development. Rather, they often engage in topics beyond gaming and are
willing to joke and chat about personal stories and their daily lives. For them, live streaming helps
them “bond” with other indie developers and seek potential collaborations based on the developing
relationships.
Maintaining a certain frequency of live streaming also helps strengthen the “bond” between

streamers and viewers, as P4 (man, 35, USA, Hobbyist) points out,
“It’s sort of being on a schedule that forces you to stick to, even if there’s only
one person that ever watches if they’re expecting you to be on a certain time.”

For P4, keeping a commitment to the stream schedule adds a level of accountability to the
communication between streamers and viewers. This may help build public credibility and trust
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for collaborative activities in turn. Accordingly, audiences may naturally give “live support and
encouragement” (P24, man, 37, UK, Hobbyist) to developers as streamers, especially when they are
participating in designing the game together.

Encouraging Various Types of Community Support. Many participants mention that they
have used live streaming to either share or receive various social and emotional support. Such
support makes them even more open and willing to engage in potential collaborative activities
through live streaming. For example, P16 (man, 22, N/A, Hobbyist) highlights the donation feature
of live streaming:

“A lot of live streaming like Twitch have some kind of donation systems, some
way to tie that into your crowdfunding...I think it’d be cool.”

Donating to indie developers who are streamers not only expresses viewers’ financial support
to the developers but also practically “takes some of the economic anxiety off” (P6, non-binary, 27,
South Korea, Hobbyist) to help indie developers devote themselves to their game development
practices. Such support further solidifies a sense of the indie community on live streaming, making
people more open to exchange mutual help. P18 (woman, 30, USA, Full Time Indie) locates in a
place where she is unable to connect with other indie developers. By using live streaming, she is
able to overcome the isolation and engage in the indie community. She explains,

“I would say that it just kind of adds on to the sense of community especially for
people like me. I don’t even interact with people, so I’m kind of a weird case. I
live in the middle of nowhere so I definitely can’t participate in any game jams.
But it’s just a way to interact with the other developers and interact with the
community around the game jam but without having to be there.”

For developers like P18, live streaming allows them to still have a sense of community despite
lacking offline social networks and in-person interaction with other indie game developers due
to geographical limitations. Some even are able to find future collaborators, as P1 (man, 30, USA,
Hobbyist) shares:

“Because instead of having to download each game and play it yourself, you can
watch it (live streaming) from your TV or your phone. And then you can be like,
‘Hey, Dave, that was really cool. And I want to follow you on Twitter.’ and ‘Maybe
I could do music for your next projects or something like that!’”

In this quote, live streaming seems to become a new means of socializing and networking for
many indie developers. It is convenient and efficient, as people can just watch without the efforts to
download and play any game. It can also be watched from anywhere - TV, phone, or tablets rather
than sitting in front of a computer. This convenience helps people to stay connected and engage in
relationship building whenever and wherever. This constant connection, therefore, makes asking
for collaboration, help, or building friendship easier and more feasible.

4.2 Challenges for Collaboration through Live Streaming in Indie Game Development
Yet, our participants also highlight several challenges emerging in this progress of leverage live
streaming platforms to innovate game development collaboratively: difficulties to identify streams
relevant to game development; increased distractions from collaborating on game development itself
due to information overload, the presence of audience, and streaming tools; copyright concerns;
and privacy issues.

4.2.1 Difficulties to Identify Streams Relevant to Game Development. Live streaming has grown
beyond its original use for streaming gameplay and has been increasingly used by the creative com-
munities (e.g., Twitch Creative). However, many participants still feel that existing live streaming
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platforms are not designed for supporting collaborative software development such as indie game
development. For example, our participants explain the frustration to identify streams relevant to
game development. P1 (man, 30, USA, Hobbyist) points out that Twitch took “indie game devel-
opment" category away, making it challenging for both streamers and viewers to locate “game
development” streams on different platforms:

“Minecraft or Fortnite, those are all categories and art is a category. But this
person who is streaming game development has the stream under science and
technology. And so like, if somebody sees ‘Oh, these people are streaming under
science and technology that doesn’t sound as exciting or descriptive as game
development to me.’”

In P1’s opinion, even Twitch, the largest live streaming platform, does not provide a clear and
straightforward way to label and categorize “game development” relevant streams. Rather, such
streams are mixed up with other gameplay streams or science and technology streams. This not
only weakens the public visibility of the indie community but also creates additional barriers for
indie game developers to identify potential collaborators and interact with one another.

Therefore, some participants propose that it is necessary and important to devote a live streaming
platform or channel specifically to indie game development. Such a platform/channel would better
serve the nature of indie game development as collaborative software development. P24 (man, 37,
UK, Hobbyist) highlights,

"I think on the whole, live streaming for game devs would be a much more
enjoyable thing if there were a specific place for them, as it stands on Twitch,
there’s no specific game dev category, all the fields are separated [...] right now
on Twitch you have all your artists doing actual art, you got 3D modellers just
doing random 3D (not always for game) and it would be nice to specifically target
these areas for game dev as they are often so different."

According to P24, indie game development typically involves visual design, storytelling, arts,
programming, music, sound effects creation, and many other aspects. This is why it is challenging to
list it under a single tag on live streaming platforms. However, existing live streaming platforms are
often not designed to co-list multi-disciplinary content for a specific technological practice such as
indie game development. In this sense, how to make live streaming platforms meet the collaborative
and multi-disciplinary needs of indie game development will be an important question for designing
and developing future live streaming platforms to further support creative technological practices.

4.2.2 Easy Distraction due to Information Overload, the Presence of Audience, and Streaming Tools.
Another major challenge that many participants mention is the easy distraction from collaborating
on game development itself due to the overloaded information produced in live streaming, the
presence of audience, and the use of various streaming tools.

Distraction due to Information Overload. Compared to watching regular videos, developers
who engage in live streaming either as streamers or viewers have to process the increasing amount
of information both from the streamed content and the two-way communication system (e.g., live
chat). P17 (man, 40, USA, Hobbyist) notes that this information overload can easily distract and
interrupt indie developers, which may hinder a potential collaborative process:

“Somebody just randomly made a comment that gave me an idea or a good idea,
but it didn’t necessarily help my creativity. I think it may actually hurt because it
was pulling part of my attention.”
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While feedback from live chat can be highly helpful for indie game development, this interactive
nature of live streaming may also become a distraction that slows down the actual development
progress. Indie developers like P17 often have to spend time and attention to filter, screen, and
evaluate these information to identify potential collaborative opportunities. Likewise, P22 (man,
46, Japan, Full Time Indie) considers being forced to pay attention to excessive information in live
streaming as “certainly the cost and time that can detract from your actual development.” For him,
the interactive feature of live streaming harms, rather than facilitates, his potential collaborative
practices in game development – because he is overwhelmed by the information from interacting
with audiences.

In addition, participants consider viewers’ feedback both “good and bad aspects for indie developers’
innovation” (P2, man, 26, Austria, Hobbyist). P2 expresses his concerns:

“There was a streamer B [a streamer’s name] just let the chat have input on the
game or make decisions. So maybe during the time he designed the character,
he would ask questions like what features should the character have? Is the face
okay? Should the headphones be changed? And it was a lot of engagement with
the community in the chat. But it’s difficult because making a change can require
a lot of time."

In P2’s account, this streamer is an excellent example of engaging potential players in collabora-
tive game development. While P2 in general does not oppose this practice, he considers seeking
and incorporating viewers’ feedback in every step of game development unnecessary and risky.
This not only produces too much information that requires further filtering and evaluation but also
delays the development process indefinitely. For him, these information and input become “noises”
rather than catalysts for collaborative software development.
In this sense, though information overload has been reported as a challenge in various live

streaming practices such as gaming [51, 66, 110], indie game developers who stream or watch a
stream face even more difficulties to deal with their information load. Streamers in gaming or other
contexts can simply ignore the overwhelming information from the live chat or depend on dedicated
moderators to filter such information [51, 66, 82, 110]. In contrast, indie game developers situate in a
unique situation. On the one hand, they endeavor to facilitate a democratic and participatory model
for game development. This means that as streamers, they have to continue to attend to and process
viewers’ comments and feedback themselves (e.g., to incorporate them into their game development).
On the other hand, they are streaming or viewing highly creative and technical content (e.g., game
development) in real time. This requires them to concentrate on the details. Therefore, the constant
updates from the chat can become noises. For them, it seems to be challenging to achieve a balance
between effectively monitoring useful suggestions from all parties and concentrating on their
own creative practices without being distracted from monitoring the ongoing information flow.
In addition, indie developers may also need to be careful about the fine line between collecting
ideas and viewpoints for their game development from the audience and their own independent
thinking in this collaborative process. Over-depending on such information from audiences may
become information overload that dilutes their creativity and independence.

Distraction due to the Presence of Audience. Live streaming can also be a distraction for
developers simply because someone is “watching.” P27 (woman, 36, USA, Full Time Indie) shares
that developers who stream have to maintain a healthy social atmosphere to ensure a steady
streaming process:

“We don’t have much negativity on our channel because I try to deflect people
that come in. Like they’ll have a favorite coding language. And they’ll be like
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saying, ‘Oh, it’s better than all the others’ and I’ll try to be like, ‘Well, we don’t
really encourage that here because there are reasons to use different ones.’”

In this example, P27 has to be sensitive to contentious comments from her audience so that she
can block harmful or toxic information that is destructive to a potentially collaborative atmosphere.
This thus somehow distracts her from engaging in communicating/discussing with her audience
about her game development.
P16 (man, 22, N/A, Hobbyist) also adds that he naturally feels “uncomfortable” because of the

social pressure and anxiety involved in live streaming:
“When you’re starting out, it can be a little bit less casual when you have zero
viewers. And someone just pops in and starts talking to you. That can be a lot of
pressure. It’s a very weird relationship that you’re having with this person where
they can see you, they can hear you and you can only see what they type. I’ve
definitely been uncomfortable while I’m streaming before because there’s never
a way to shake people off.” (P16)

The fact that P16 is being “watched” itself distracts him enough from fully engaging in conducting
game development or seeking collaborative effort from the audience in front of the camera. As he
mentions, there is “never a way to shake people off” when streaming. Likewise, P17 (man, 40, USA,
Hobbyist) points out the difference between indie developers who focus on collaborative game
development and streamers who focus on pleasing audiences. For him, live streaming is not about
streaming his own game development practices but about putting on a performance (e.g., “your
personality and your stage presence” ). In this sense, he may need to pay more attention to how to
please his audience rather than concentrate on streaming his game development practices.

Distraction due to Navigating Streaming Tools. Another distraction may come from how to
appropriately navigate and set up live streaming technologies. P27 (woman, 36, USA, Full Time
Indie) expresses her concerns:

“How are they probably hitting barriers early and never trying it beyond that,
like people who might be like dancers or musicians or artists or like this who’s
out there making cool stuff? They’re so overwhelmed by having a good webcam,
having a good microphone [...] then suddenly there’s a bandwidth issue and they
don’t know what to do about it.”

As P27 mentions, many indie game developers are amateurs and non-professional game developers.
In addition to navigating game development as an advanced technological practice, they also have to
learn how to appropriately use non-intuitive live streaming tools such as Stream Labs OBS and solve
emerging technical issues (e.g., bandwidth). For them, live streaming creates additional technical
barriers to engage in the already challenging collaborative software development practices.

4.2.3 Copyright Concerns regarding Collaboration through Live Streaming. Our participants are
aware of the open and sharing nature of live streaming, which well aligns with the indie culture.
For example, many indie-focused game jams (e.g., Global Game Jams) use the open intellectual
property ownership model. In this model, indie developers own the original content but are expected
to share the created games, assets, and source code so that other people can download, modify
and distribute for non-commercial purposes. However, some participants are concerned that they
may accidentally disclose some sensitive information about their technological practices in live
streaming. Many of them find themselves in a dilemma: they hope to openly present and promote
their game development to the public so as to seek potential collaboration and input from the
audience; yet, they are also worried about their copyright and the possibility that others may steal
their ideas and take the credit. P3 (woman, 24, N/A, Hobbyist) reflects,
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“I have not used live streaming for indie game development much, because I kind
of want it to be private and mine, confidential. Not that somebody’s going to
watch my stream, copy my game. But you know, it’s always the thing that freaks
me out. Maybe they’ll steal my ideas if I’m programming it right in front of them.”

For P3, streaming her projects on live streaming poses a risk to her intellectual property rights.
Similar to many indie-focused game jams mentioned above, some live streaming platforms im-
plement open intellectual property ownership. Some other platforms do take actions to protect
streamers’ copyright. For example, they would censor uploaded streams to identify copyrighted
content if it matches any third-party content. However, either mechanism cannot protect devel-
opers’ copyrights outside the live streaming platform. Therefore, there is always a risk that indie
developers’ ideas, designs, and codes shown in streams can be used in others’ products without
informing or crediting them.
Moreover, some mainstream game companies are able to exclusively stream certain content

where they own intellectual property rights. For indie game developers who significantly rely on
open-source resources (e.g., game engines, platforms, patches, and art assets) released from these
companies, what they can stream and share is restricted. P4 (man, 35, USA, Hobbyist) explains the
issue:

“Because most of the projects I work on, I have to sign NDAs and things like
that. So, I can’t actually just show the world what I’m working on. But back then,
when I was working on smaller things and things that could be shown.” (P4)

P4 needs to pay special attention to the scope of his streamed content so he does not cross over
the line accidentally. Likewise, P15 (man, 24, Brazil, Full Time Indie) gives an example of YouTube
removing everyone’s Let’s Play (a Switch game) videos from their platform. For him, many live
streaming platforms provide indie game developers with an easy way to cultivate their communities
and careers. However, many aspects of indie game development, such as the community connection,
sharing knowledge, and marketing, are heavily restricted by mainstream gaming companies. This
thus leads to copyright concerns. These concerns may also cast doubt on the independence of indie
game developers as they claim to be – as we have seen, mainstream game companies are still able
to control and manipulate what and to which degree indie game developers can share online from
the intellectual property perspective.

4.2.4 Privacy Issues when Sharing Technological Practices through Live Streaming. The open and
sharing nature of live streaming may not only risk indie game developers’ intellectual rights but also
their privacy. For many, how to approach and manage privacy has become a central concern. At the
personal level, many developers are worried that they disclose personal information unintentionally
when sharing game development practices through live streaming. For example, P27 (woman, 36,
USA, Full Time Indie) shares how someone stalked her and violated her privacy:

“It was really uncomfortable because he followed me on all my social media after
coming into the chat. And I didn’t know if this person was going to seriously
harass me more. We blocked him. But I didn’t know if it would keep going,
because for some people it does. And I think that’s really scary. And you also
have to be really smart about what you are sharing. And are you sharing things
that are too much? Like could people figure out where you live, would be a really
scary thought.”

In P27’s case, streaming her game development practices allows someone to invade her privacy
and track her online beyond the live streaming platforms. For her, streaming may inevitably
reveal her personal information and put her personal safety at risk. In addition, no effective tool
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seems to exist for protecting streamers because even blocking may not stop people from harassing
or following them. For indie game developers, they have to restrict the range of interaction,
communication, and the specific streamed content to protect their personal privacy, as what P27
said "be smart about what you are sharing". Yet, in doing so, they may miss the opportunity to fully
leverage the open and interactive nature of live streaming to facilitate their collaborative practices
and productivity.

5 DISCUSSION
Our findings have shown that in addition to teaching and learning technical skills, live streaming can
be used to support indie game developers’ collaborative efforts for innovating game development
in three ways: facilitating a democratic and participatory model for game development, building
a collective presence to increase the public visibility of indie game development, and fostering
an open and supportive indie culture for collaboration (RQ1). However, our findings also reveal
several challenges for indie developers to engage in collaborative game development through live
streaming. They often have to face difficulties to identify streams relevant to game development,
increased distractions from collaborating on game development itself due to information overload,
the presence of audience and streaming tools, copyright concerns, and privacy issues (RQ2). We
now use our findings to discuss the implications of this work for bridging existing HCI/CSCW
research agendas on collaborative software and live streaming. We also provide potential design
recommendations for addressing challenges emerging in distributed collaborative practices through
live streaming.

5.1 Bridging Collaborative Software Development and Live Streaming in the Context
of Indie Game Development

An important insight from this study is how our findings uniquely bridge previous research
on collaborative software development and live streaming. On the one hand, we focus on indie
game development, which leverages live streaming to support distributed collaboration between
developers and between developers and players to collectively advocate the indie culture. This
community represents an emerging form of end-user driven collaborative software development,
which differs from distributed development teams in workplace settings (e.g., [6, 11, 76]) or OSS
communities (e.g., [22, 78, 97]) that mainly focus on expert or professional developers. This thus
sheds light on how collaborative software development can be conducted and approached in new
ways and by new populations.

On the other hand, indie game developers indeed share similar collaborative learning, teaching,
and online programming mentoring practices through live streaming as reported in previous
research [19, 25, 26]. Yet, their aspirations to innovate the traditional game development model
also motivate them to leverage live streaming to support their collaborative efforts beyond just
learning and teaching skills. As our findings have shown, they have leveraged live streaming to
seek an alternative game development model that focuses on democratic participation; they have
also used live streaming to increase the public visibility of their community. In this sense, the
indie community seems to acknowledge the key role of streaming in the contemporary gaming
ecosystem. For them, streaming has become essential for the "discoverability" and the ultimate
sales of their games [87, 101], as well as for fostering an open and supportive indie culture.
Therefore, these insights can inform the design and development of future live streaming plat-

forms to better support similar end-user driven creative practices (e.g., making, hacking, crafting,
and marketing), which may not only focus on teaching, learning, and sharing but also emphasize
community building and/or advocating aspirational agendas. Specifically, our study bridges the
above-mentioned two research agendas in three ways.
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5.1.1 Explaining Collaborative Software Development through Live Streaming Using Collaboration
Theories. Using indie game development as an example, we are able to explain collaborative software
development through live streaming using collaboration theories (Table 3).

Table 3. Mapping Findings with the Three Main Theories on Collaboration

Theory Elements Description Examples

D’Amour et al. Sharing Shared experiences in indie game develop-
ment

P4: “We are all in this to-
gether so I’m happy to help
in any way

Membership Mutual technical help P13: “If there’s some bug out,
usually with Neil, there’s
this back and forth between
us."

Interdependency Spontaneous co-designing based on two-
way real-time communication

P21: “I had some feedback
given by players and that
I finally used because they
were better than mine."

Power Collectively increase the visibility of indie
game development

P1: “When you see there are
many other indie developers
streaming, you kinda build
a collective identity to pro-
mote indie games."

Process Establish “bond" between streamers and
viewers

P26: “I tend to chat with
them and make fun of the
others as well."

Theory Patterns Description Examples

Biuk-Aghai et al. Artefact-Exchange
Artefact-
Management
Group-Discussion Ask viewers for feedback P10:“They’ll ask the

chat:‘Hey, how does my
cool enemy look?’ ‘Oh, we
should do it more this way."

Message-Exchange Direct messaging between streamers and
viewers

P22: “Sometimes just like so-
cializing, like ‘How are your
kids?’"

Workspace-Setup Use live streaming as a co-working space P4 :“Leave it in the back-
ground while I’m working
[...] It’s sort of like a fill in
for co-working spaces."

Theory Aspects Description Examples

Olson et al. Common Ground Collaborate P13: “Trying to figure some-
thing out together."

Coupling of Work Co-design via live streaming P21: “If this project is com-
mercial, we’ll obviously have
early feedback."

Collaboration Readi-
ness

Promote products P11: “We canmarket the con-
cept of indie games all to-
gether"

Collaboration Tech-
nology Readiness

Dealing with live streaming tools P27: “Suddenly there’s a
bandwidth issue and they
don’t knowwhat to do about
it."

Organizational Man-
agement

First, based on the five elements of collaboration [24], the democratic and participatory model
of game development fostered by live streaming emphasizes the notion of sharing and allows
for collective mutual efforts oriented toward a common goal [106]. This highlights sharing and
interdependency of collaboration. Specifically, for indie developers, the synergy across streamers
and viewers helps deepen aspects of sharing such as decision-making, skills, and information/data.
Developers also note the need for different people’s skills and abilities at different times throughout
collaboration, highlighting the importance of interdependency.
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Second, as our findings have shown, participants endeavor to collectively increase the visibility
of indie game development by making live streaming a marketing tool. In this process, everyone
involved in a stream enjoys the power associated with helping increase awareness and spread
potential impact [54]. Such power is not based on respective roles or titles in the stream but their
experiences, knowledge, and motivations within a collaborative and collective community.

Third, various forms of social and emotional support provided in live streaming further strengthen
the aspects of membership and interdependency of collaboration. In our study, indie developers are
aware of the mutual support and the resulting benefits, which helps community building based
on the mutual dependency and synergy. These efforts maximize individual contributions to make
the output of the whole much larger than the sum of inputs from each part [24] to benefit indie
game development. Lastly, all practices through live streaming are shaping indie game developers’
distributed collaboration in a dynamic, interactive, and evolving process by enhancing interpersonal
communication, accumulating collective efforts, and encouraging mutual engagement through the
live nature of streaming.

Our findings also shed light on how collaborative software development through live streaming
reflects certain aspects of Biuk-Aghai et al.’s collaboration theory [10] and Olson et al.’s theory
[84, 85]. For example, indie developers’ efforts to ask for feedback from viewers in live streaming
initiate group discussion in collaboration [10]; and the motivation to build a collective identity to
promote indie games demonstrates the collaboration readiness in the indie game community [84, 85].
The fact that indie developers, whether as streamers or viewers, have to deal with live streaming
technological issues such as microphone setup and bandwidth, also represents the collaboration
technology readiness in a collaborative practice [84, 85].

5.1.2 Implications of Live Streaming for Collaborative Software Development beyond Learning and
Teaching. Our findings extend prior literature on live streaming for coding, programming, and
online mentoring (e.g., [19, 25, 26]) by shedding light on how live streaming can be used beyond
teaching and learning skills, for example, for helping address issues emerging in collaborative
software development as identified in previous literature.
Above all, the difficulty of awareness including staying aware of others [46, 47], workspace

[23], or emotion [48] has been pointed out many times in distributed software development. Live
streaming with two-way real-time input allows indie developers both as streamers and viewers
to have a consistent awareness of the workflow, the created content, and the feedback from both
sides in real time.
In addition, distributed software development often suffers from the difficulty to build trust

among team members in teams and collaboration [52, 57, 96]. Previous studies have shown that live
streaming can promote online community formation and build supportive relationships between
viewers and streamers [94, 111]. In our study, indeed, live streaming seems to create a natural and
casual atmosphere for indie developers to establish and maintain collaborative relationships. It
also encourages various types of community support to enhance such relationships and mutual
dependency with different affordances, such as the live chat system and the feature of donation. In
the past, the indie community often had to depend on specific social networks such as Kickstarter
or Indiegogo for crowdfunding [71]. Now, live streaming seems to introduce new and more effec-
tive ways for collaboration in the indie culture by engendering trust and offering more support.
Additional focused work is still needed to specifically investigate how the overall environment and
processes associated with live streaming impact trust. Yet, that being said, our study points to the
possibility that the environment may lead to fruitful socio-emotional behaviors, such as casual chat
for networking and relationship building, donation, and community support.
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Live streaming also further helps to limit cultural blind spots through a diversity of perspectives
and cultures that global software development usually sees as pain-points [55, 75, 83]. In some
sense, live streaming is growing into a suitable platform for indie developers across the world to
share, learn, and collaborate together by increasing more authenticity, transparency, spontaneity,
accountability, and respect. For them, these characteristics integrate inquiry or discussion within
the democratic and participatory model of game development that they advocate into part of the
streaming to weaken interruptions [76] and increase real-time communication to reduce uncertainty
and misunderstanding [13].

5.1.3 A Critical View of Using Live Streaming for Distributed Collaboration in Software Development.
Despite these nuances and benefits, we also offer a critical view of using live streaming platforms
for distributed collaboration in software development. As our findings have shown, being live and
providing real-time two-way communication presents both pros and cons for such collaboration.
As far as being “live” is concerned, on the one hand, the spontaneous nature of live streams sets an
authentic, transparent, and personable tone to help establish an environment of trust for online
collaboration [20]. On the other hand, being live not only results in viewers not having flexible
control over the information received but also puts more pressure (e.g., being watched by viewers)
on streamers in the collaborative process.

In addition, the real-time two-way connection between streamers and viewers as well as among
viewers makes it easier to produce both more relevant and irrelevant information, leading to “noise”
for developers’ collaborative practices. Although previous research has shown that these features
can benefit general live streaming practices by forming new ties and connections [94, 111], they
may in fact hinder indie game developers’ productivity. As our data have shown, indie developers
often find it challenging to balance between effectively gathering useful suggestions and feedback
from the live chat and concentrating on actually conducting their creative practices. In this sense,
the behavior of streaming or watching a stream itself seems to be a distraction from the practice of
creativity and innovation per se that requires abundant concentration.
Further, as a creativity-centric community, how to better protect indie game developers’ intel-

lectual property rights and copyright seems to conflict with the open and sharing nature of live
streaming, which has been a long standing issue in online creative communities [30, 31]. This
concern, along with the privacy risk of disclosing too much personal information [39, 68], makes
indie game developers reluctant to collaborate through live streaming as they are worried about
potential online stalking and harassment.
In general, better understanding these new perspectives and challenges in parallel leads to an

increasing need for a broader examination of the role of live streaming in distributed collaboration
in various contexts, including software development. This study shows our efforts to bridge the
previously often disconnected research agendas on collaborative software development and live
streaming, so we believe that the issues and new research questions surrounding how to expand
collaborative environments for new technological practices (e.g., indie game development) will
continue to grow in their importance.

5.2 Designing Live Streaming for Distributed Collaboration
Our findings highlight that in many ways, indie game developers are using the live streaming
platforms in a manner that they were not initially designed for. This in turn brings forth both
positive and negative effects. Therefore, a reconsideration of how we can (and should) improve
the design of live streaming platforms to address the many challenges emerging in distributed
collaboration for end-user driven creative activities (e.g., DIY making, hacking, crafting, and indie
game development) seems to be necessary. In this section, we outline three main design implications.
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1. Make End-User Driven Creative Streams/Communities More Identifiable and Traceable. In our
study, participants often complain about the troubles associated with identifying live streams focus-
ing on indie game development. This may partly come from the fact that indie game development,
a segment of the game industry, has been under-emphasized or little discussed when compared
to mainstream fields in many aspects [45, 72, 100]. As live streaming has become an important
collaborative space, the challenge to identify a subsection or sub-community of certain end-user
driven creative streams (e.g., those focusing on DIY making, hacking, open design/manufacturing,
crafting, and indie game development) can be the first barrier to hinder these users from seeking
potential collaborators and tracking down related streams and communities. Therefore, there is a
clear and urgent need to make specific end-user driven creative streams and communities more
identifiable and traceable on live streaming.

To address this issue, our first recommendation is to make these specific end-user driven creative
streams and communities stand-alone categories within the overall live streaming community
and across different live streaming platforms. For example, instead of moving streams regarding
indie game development to science or technology category as a secondary category, adding a
category specifically for indie game development is straightforward for indie game developers to
locate what they need. We also suggest that streamers always hashtag keywords like “indie game
development" in their live streams to increase the identifiability of their streams, which can also be
helpful to collectively strengthen the public awareness of their practices and community. Our third
recommendation focuses on allowing those streams whose content may be closely related to more
than one category to fall under different categories simultaneously. It may also be helpful to design
secondary tags to provide viewers with more specific information about the stream (e.g., a stream
about how to make music effects for an indie game can be given a secondary tag “Music”).
2. Mitigate Distractions during Live Streaming. The interactive and multimedia nature of live

streaming can produce much more communication, participation, and management [51, 114, 117].
However, some of these is entirely unrelated to the game development process itself and may disturb
it from a perspective of collaborative practice. Therefore, design implications relating to these
issues should put forth efforts to control information input and lower the threshold of streaming
tool use to help mitigate distractions.
We recommend that direct messages to streamers should be highlighted to keep them from

being missed or lost in the chat system so that developers can get the important information
easily. To avoid getting flooded with messages, we also recommend live streaming platforms to
offer streamers more options to filter messages in chat system based on keywords, which may
help them find the necessary information and reduce irrelevant information. Another important
recommendation is to make streaming tools simple and easier to use. For example, we recommend
providing general users with a detailed plain-language guidebook to help solve various issues
such as webcam settings, microphone settings, and bandwidth problems. For users who focus on
collaborative software development and coding (e.g., indie developers and hackers), the chat system
can also be designed to detect codes to offer professional-looking and readable formatting or keep
the original formatting.

3. Offer More Protection for Intellectual Property, Copyright, and Privacy. Copyright concerns are
not new in online environments [67]. Indeed, live streaming, as an open online space, requires much
more direct engagement and interaction and reveals more bioinformation (e.g., appearance, gender,
and voice). This makes sharing practices the challenging facet of collaboration from perspectives of
copyright infringement [14, 68]. In our study, participants share concerns that the open and sharing
nature of live streaming may harm indie game developers’ intellectual property rights. Therefore,
for copyright concerns, we suggest that live streaming platforms and all users should supervise
copyright infringements jointly. We recommend that live streaming platforms can collaborate
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with other venues such as main game jam contests to expand indie games database as third-party
content for matches; the live streaming system can also offer users an one-step report function
to report streams that include copyright infringements easily. In addition, platforms can offer a
method to record and timestamp sharing activities privately or store such records within the main
database in case a dispute over copyright arises. In this way, a creator could point to a moment
when they shared certain content or activity in their stream and have proof they did it first if
needed. These mechanisms should also be used collectively with effective strategies to protect indie
game developers’ personal privacy, in addition to protecting the products and content created by
them. These strategies may include a better way to block unwanted messages and an more effective
way to prevent cross-platform stalking.

5.3 Limitations
This study has a few limitations. Our findings do not differentiate how different live streaming
platforms may affect indie developers’ distributed collaboration experiences in various ways. To
address this limitation, more work will be conducted to compare diverse collaborative practices
mediated by different live streaming platforms. In addition, we acknowledge that our sample leans
heavily towards male indie game developers. This seems to be consistent with the general gender
distribution of game developers: a worldwide game developer survey shows that more than 75
percent of responding game developers are men, and about 20 percent are women from 2014 to
2019 [21]. As the gaming/tech field continues to promote gender equality and diversity, we will
recruit a more diverse sample to explore the gendered perspective of distributed collaboration
through live streaming in the traditionally male-dominated tech space.

6 CONCLUSION
How does emerging novel technology continue to shape people’s collaborative practices over
distance in more nuanced ways? In this paper, we have focused on the role of live streaming in
distributed collaborative software development as shown in indie game development, an end-user
driven creative community. We have especially highlighted how live streaming can be used by
indie game developers beyond learning and teaching technical skills to support their endeavors to
innovate the traditional game development model and the potential challenges they face in this
process. In doing so, we uniquely bridge previous research on collaborative software development
and live streaming. As global events (e.g., COVID-19) have placed more focus on remote work, we
hope that these insights not only extend existing theories of collaboration but also point to future
research directions to better support emerging forms of distributed collaboration in various types
of end-user driven creative activities.
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