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Abstract. In this paper, we explore a network of distributed individuals’ col-
lective efforts to establish an innovation ecology allowing them to engage in
bottom up creative technological practices in today’s information society.
Specifically, we present an empirical study of the technological practices in an
emerging creative technology community – independent [indie] game devel-
opers in the United States. Based on indie game developers’ own accounts, we
identified four themes that constitute an innovation ecology from the bottom up,
including problem solving; collaborative information seeking, sharing, and
reproducing; community support; and policy and politics. We argue that these
findings inform our understanding of bottom up technological innovation and
shed light on the design of sociotechnical systems to mediate and support such
innovation beyond the gaming context.
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1 Introduction

Innovation turns knowledge and ideas into value [1]. We are nowwitnessing an era when
social computing and collaborative technologies have fundamentally changed the Web
“from a comprehensive information repository to a set of collective projects, a worldwide
community of communities” [2]. This change has led to the emergence of a bottom-up
user-centric innovationmodel (i.e., users of products and services are increasingly able to
innovate for themselves) [3, 4]. In this new model, innovation is initiated and driven by
end users rather than introduced top-down by large firms, corporations, and enterprises
such as technology giants [5]. From Wikipedia, digital volunteerism, open source
software development, citizen science, to crowdsourcing platforms such as Amazon
Mechanical Turk, a body of information science and social computing research (e.g.,
[6, 7, 9–11]) has tackled important problems on innovation in an information society,
including how social computing tools and platforms support the collaborative con-
struction of knowledge (e.g., [12, 14]) and team coordination within online creative
communities (e.g., [7]). Yet, how exactly technological innovation can happen from
bottom up and what mechanisms support its operation remain understudied.
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In this paper, we explore a network of distributed individuals’ collective efforts to
establish an innovation ecology allowing them to engage in creative technological
practices from the bottom up. We understand innovation ecology as an important
concept in social informatics. It refers to the sociotechnical infrastructure of interrelated
institutions, regulations, technologies, and resources that can enable, encourage, foster,
and catalyze the generation of ideas and creation of value out of them [1, 13]; it also
involves core social informatics themes such as social contexts and work processes,
sociotechnical networks, and public access to information [8]. Specifically, we present
an empirical study of the technological practices in an emerging creative technology
community – independent [indie] game developers in the United States. A common
understanding of indie games is that they are games made by amateurs who are not
professional game developers. We choose this community as an exemplar to explore
bottom up innovation ecology because indie games are often praised as a “moral,
artistic high-ground” for their new forms of gameplay, innovative design, engaging
experiences, and nostalgic properties [15]. What makes indie game developers’ creative
practices possible, and how their practices inform our design and development of
sociotechnical systems for end-user driven innovation and content creation beyond the
gaming context deserves research attention not only from game researchers but from
information scientists and social computing scholars concerned with social creativity
and bottom-up innovation.

2 Background: Indie Game Development and Innovation
in Social Computing

A body of research in information science and social computing has sought to design
and implement systems and applications that mediate and support social creativity and
collective innovation. A common design principle is to facilitate the presentation,
spread, and use of information within groups. For example, Gregg [16] proposed that
such systems and applications should be data centric, which not only enable data
collection and sharing among users but also support user-generated/modified data.

Other researchers noted that improving online users’ awareness of collaboration
and co-presence can help design, develop, and evaluate interactive systems for group
creativity. For example, Geyer et al. [17] designed a digital team collaborative space
(i.e., TeamSpace) to integrate both synchronous and asynchronous team interactions
into a task-oriented environment. Similarly, Gutwin et al. [18] suggested that infor-
mation required for group awareness included “knowledge about who is on the project,
where in the code they are working, what they are doing, and what their plans are.”

However, new bottom-up models of innovation and participatory culture have
raised new and important questions about how to better support innovation and
emerging creative technology communities’ information needs [5, 19]. One example is
the indie game development community. Indie games are broadly defined as games that
are consciously created within alternative production and distribution structures com-
pared to mainstream game companies [15]. Tools such as easy-to-use free game
engines (e.g., Unity and Unreal), comprehensive online coding libraries (e.g., Unity
Scripting Reference) and Assets Stores (e.g., Unity Assets Store), unlimited online and
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offline community support (e.g., Unity online live training, Unity online forums, offline
social gatherings of indie game development Meetup groups), and direct developer-to-
consumer digital distribution platforms (e.g., App Store) have also contributed to game
development no longer being a closed and secretive tech industry.

In general, the indie game development community in the United States has
become a novel technology community, who endeavors to collectively innovate
cutting-edge graphic and interactive technologies, explore new forms of gameplay,
create inspiring and refreshing human experiences, and promote open development
process. These new phenomena raise a number of interesting research questions,
including how indie game developers can innovate and how their practices inform the
design and development of sociotechnical systems that mediate and support bottom-up
innovation. This paper endeavors to explore these questions.

3 Methodology

To collect data, we joined six Facebook Groups for indie game developers and indie
game development. We then posted a message on these groups to recruit indie game
developers who were willing to be interviewed as voluntary participants. All devel-
opers who responded to our requests and agreed to participate were inter-viewed. As a
result, 12 semi-structured in-depth interviews were conducted via text/audio Skype chat
based on participants’ preferences from December 2017 to February 2018. In each
interview, 15 predefined open-ended questions were asked and the average length of
interviews was 80 min. All 12 participants are Americans. Six are female (50%) and 3
are non-Caucasian (25%). The average age of the participants was 31 years old
(min. = 25, max. = 51) and average years of experience in indie game development
were 8.5 years (min. = 2 years, max. = 17 years). Five of them (42%) developed indie
games full time as freelancers or working in small studios (two to three people) while
seven (58%) as part time or a hobby.

We then used an empirical, in-depth qualitative analysis of the collected data with a
focus on indie game developers’ innovative practices. We first closely read through the
collected data to acquire a sense of the whole picture as regards developers’ techno-
logical practices. We then collectively identified thematic topics and common features
in the data for further analysis and carefully examined and reviewed the thematic topics
and developed sub-themes. Finally, we collaborated in an iterative coding process to
discuss, combine, and refine themes to generate a rich description synthesizing how
and why indie game developers can innovate from the bottom up.

4 Findings

Digital game production was considered a professional technological practice for profit.
Everyday users had little role beyond purchasing and accepting produced games as
commodities. Yet, the increasing growth of indie game development seems to signify a
cultural shift in how people perceive games and the gaming industry, as one participant
reported, “You get to be on the cutting edge of technology or see really cool things or
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be a part of the really cool thing before the public goes crazy over it. This is the reason
why so many have gone indie” (P4, female, 33, African American). Many participants,
who were not professional game developers, acknowledged that innovative games
might originate from individual creativity and passion. However, they explained that
(1) problem solving; (2) collaborative information seeking, sharing, and reproducing;
(3) community support; and (4) broader politics and social policies constituted an
innovation ecology – through which they engaged in a bottom-up movement to turn
their creativity into IT products (e.g., digital games) and reshape the ways that games
were designed, created, and shared. In this section, we explain each of the four themes
using quotes from indie developers’ own accounts.

4.1 Innovation Emerges in Problem Solving

Many participants highlighted that actively identifying problems and seeking solutions
was the first step to transform creative ideas to innovative products. For many of them,
the willingness and persistence to encounter various problems in a tech field that they
were not professionally trained for was essential for any creative endeavors. One
participant summarized, “The best thing about making indie games is that we become
better problem solvers. Most of us had no experience in game development before. This
means we usually seek solutions that are ‘outside of the box.’ That’s the start point for
any innovation in this field.” (P6, female, 29, Asian) Some others also related problem
solving to the fact that gaming as a rapid changing industry: “I love learning how to use
software to a tee. However recently the game development tools have been updating so
quickly it’s hard to keep up. Most of the time when that happens I have to look at it to
see if it’s worth upgrading and risking re-doing certain pieces. I have to solve so many
problems but I feel I get better every time after I solve some problems.” (P5, male, 27,
white)

However, many others described that problem solving was not merely limited in the
technical aspect of game making (e.g., programming and using game engines) but also
about design, aesthetic, and teamwork – all of which made game development a
challenging practice but opened new and emerging opportunities for experimentation
and innovation. One participant revealed,

Game development is fraught with challenges. If you’re a one-man-band, you have
to become knowledgeable in many areas. Programming and logical thought, design
and aesthetic sense, sound design–the whole kit. Aside from the technical difficulties,
there’s also the social aspect of making games. Having team members or even just
interested bystanders helps a lot with motivation and training and growth. Making
indie games is not just about making software but about imagination, creativity, col-
laboration, management, marketing, fundraising… etc. You are solving all kinds of
problems – tech, social, political, financial. That’s why indies grow up so fast and can
keep making cool things. (P7, male, 25, white)

For indie game developers, solving problems across various domains often inspired
them to innovate. Their problem solving practices not only helped them prepare and
sharpen necessary technical skills to develop games but also encouraged them to “think
outside the box,” leading to creative approaches and strategies beyond the gaming area.
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4.2 Innovation Centers on Collaborative Information Seeking, Sharing,
and Reproducing

Many participants regarded collaborative information seeking, sharing, and producing
as the core mechanisms through which they not only solved problems but also pursued
new and innovative solutions in their game development process. Participants shared
how they benefited from information and resources shared by others and also con-
tributed to creating, updating, and spreading useful information to benefit other indie
game developers:

Sometimes I am the one asking questions and some other times I am the one who
provides answers of my own from experience. I especially like to interact with other
users on forums for specific tool kits or plugins. I think those information are very
valuable for both experienced and new developers. (P6, female, 29, Asian)

Open forums where users can share experiences, experiments, code, and open
source tools are the reason why many indie developers and some studios like ours can
survive and make new things. Since we are so small, many of our technologies were
developed by a third party of some sort, like on Unity’s asset store or snippets of code
shared by users on GitHub. I think the community as a whole across many platforms is
what makes endeavors like ours possible and we are happy to provide what resources
we can for the community as well. (P10, male, 27, African American)

These two quotes highlight the importance of voluntary and free information
exchange for bottom up technological innovation- innovation is initiated and driven by
individual indie game developers or small studios rather than massive game companies.
Comparing to companies who enjoy abundant information and cutting edge tools, indie
developers often have limited access to resources, money, platforms, and tools. How to
provide them with necessary resources at low or no cost became a crucial component in
the innovation ecology. The indie gaming context represents a subculture within a
broader tech culture: everyone is benefited from free knowledge and information in the
innovation ecology; everyone is also producing, sharing, and spreading free knowledge
and information to promote more innovation.

However, some participants pointed out the challenges of such a subculture:
I think in general, mid level information is very hard to find. There is so many

tutorials on how to get started in a project. And there are forums about super technical
programming stuff, but there is a big gap between those two things. […] you have to
reinvent that information yourself. (P8, male, 30, white)

The availability of information and being able to find what you need quickly and
efficiently is important. A lot of time is wasted in searching for information and finding
up-to-date requirements, specs, techniques, etc. Unity has great support, but finding
practical examples on places like YouTube can be frustrating. You get the theory from
the documents, but watching someone do it makes it that much easier. YouTube can do
that, but there is so much bad information to sift through on YouTube, it eats valuable
time. (P9, male, 51, white)

According to these developers, they learnt most from step by step tutorials that
were appropriate to their skill level and visual/video information such as YouTube
videos. Yet two large issues persist: limited resources for intermediate level difficulty,
and abundant low quality or irrelevant information. The indie culture of volunteerism

618 G. Freeman et al.



and free labor thus becomes a double-edged sword. On the one hand, it makes essential
experiences and knowledge for game development available to everyday users, turning
game development into a bottom up innovation movement. On the other hand, all indie
developers are encouraged to contribute to a central “knowledge/skill repository” but
no mechanism has been established to evaluate those shared information, making their
quality and relevance questionable.

4.3 Community Support Sustains Innovation

Problem solving and information exchange may build the foundation for an innovation
ecology in indie game development. Yet it is community support that retains indie
developers and sustains their efforts to innovate. One participant described, “Com-
munity is so important. Without it, I probably already quitted long time ago. People
help each other out, share what they have found or what worked for them. No matter
whether you work alone or with others on a project, you need those people to point you
to the right direction, and as a member of any community, it’s one’s responsibility to
reciprocate these help and contribute to the community” (P9, male, 51, white).

Other participants added that the support they received from the indie community
was not limited to technical assistance but also for social and emotional purposes,
because creating games could be both physically and emotionally challenging:

Absolutely, there are many supportive communities online for game development
that I take part in. Some of them are more about mentoring people who are just
learning game design and some are very much about social support. Doing something
creative is not just about you but also people supporting you, since this can be very
stressful. (P1, female, 33, white)

Typically you’re scattered across the country, if not the world. There has to be
passion, and agency. […] you need a well functioning and coordinated team. And it
can be tough emotionally and physically. You need friends. You need this community.
(P11, male, 32, white)

Regardless of working alone or as a distributed team, indie developers seemed to
value and appreciate all types of help they received from the indie community – ideas,
knowledge, teammates, friends, or just someone they could talk to. For them, bottom-
up innovation was a long and emotionally exhausting journey where personal persis-
tence was not enough. To continue this journey, they needed confidence, encourage-
ment, bravery, endurance, and sympathy, which they gained from other fellow indie
developers and the broader indie community. One participant (P7, male, 25, white)
summarized how the community supported his growth both as a developer and as a
human being: “Game developers are generally very nice and socially progressive
people. People learn from each other and push each other to new heights and
encourage each other. I have made good friends in the community and found role
models to learn from, engaged with artists’ new growth of the medium, and even
developed part of my own personal identity from it.”
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4.4 Policy and Politics Facilitate (or Hinder) Innovation

A few participants stressed how policy and politics in the broader social context
affected how they innovated. They especially highlighted the role of the nation’s
economic development policies in facilitating or hindering technological innovation:

When I was in college, I knew that the “tech growth Ohio” program helped fund
our school’s small game conventions as part of the STEM education program and
helped link various tech businesses together. (P6, female, 29, Asian)

I know of one indie studio that has thrived because of government grants for their
work in ecological storytelling. And I know of one studio that flopped after becoming
complacent with major funding from the state (as an economic investment), which drew
a lot of ire from people. Government involvement can be both an asset and a liability.
There’s a history of misunderstanding by Congress of the video game industry (See:
Mortal Kombat in the 90s) and some knee-jerk legislation, but we do have people more
familiar with the medium coming into office and doing positive things. (P7, male, 25,
white)

In these quotes, developers were well aware that the upper level national devel-
opment and economic policies could affect how people created and innovated in the
indie community. Their technological practices were not conducted in a vacuum.
Rather, what they could innovate and how they innovated was intertwined with poli-
cymakers’ attitudes towards technology. As they described, the current emphasis on
STEM and technology-driven U.S. economy fostered a supportive environment for
their technological practices. Though not being widely recognized, indie gaming has
been playing an important role in enhancing STEM education and game-based learning
(e.g., educational games). Innovation in indie gaming also contributes to the growing
technological power (e.g., in terms of creative design, improved user experience, novel
interaction mode, and upgraded visual effects). Yet they were anxious that high level
policy makers might hinder their innovation due to misunderstandings or unfamiliarity
with gaming and game development. In particular, some participants pointed out how
the current tax law and political atmosphere might undermine indie game development
as a creative technology industry:

I think national laws certainly play a role., particularly in how teams can raise
money. And tax law is certainly hard on indies. We spent a big chunk of our budget just
to hire decent accountants to track our expenses and make sure we were prepared for
taxes. (P11, male, 32, white)

The xenophobic policies that have become prominent in the last few years have
made it very difficult for people I know from other countries to live and work in the US.
They just want to come here and make games, but current politics has become a huge
hurdle there. They’re often waiting for months to years just hoping their name comes
up in a lottery. (P10, male, 27, African American)

P11 was worried that the current tax policy was not friendly to the indie community
(or technological startups in general), which made game development – an already
technologically and psychologically challenging creative practice – more financially
challenging. This may discourage people to continue their efforts or even enter this
field. P10 further pointed to the risk of losing workforce and diversity in indie game
development due to the ambiguous political atmosphere. According to him, if people
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did not feel safe, welcomed, or comfortable in a society, they simply would not
participate in innovative activities despite of how much they loved doing so.

5 Discussion

Using indie gaming as a context, in this paper we have identified four themes emerging
in indie game developers’ accounts that constituted an innovation ecology from bottom
up. Though innovation often originates in personal creativity and ideas, how it can be
materialized and generate values depends on a sophisticated sociotechnical infras-
tructure. This infrastructure involves: (1) innovators’ active problems seeking and
solving that transform creativity to feasible ideas; (2) collaborative information seek-
ing, sharing, and reproducing that enable innovators to turn feasible ideas to innovative
products; (3) consistent community support that encourages innovators to continue
their efforts and catalyze their creation; and (4) policies and politics that foster a
supportive social environment and public perception for technological innovation. In
this section, we discuss how these four themes informed our understanding of bottom-
up technological innovation and the design of sociotechnical systems that mediate and
support such innovation.

Above all, a user-centric bottom up innovation mode is distinctive from other types
of innovation; it is driven by everyday users with various backgrounds, knowledge
bases, and motivations. In addition, it is often built on users’ personal and subjective
experiences and it suffers from limited information and resources but provides an
alternative way of creating and producing technology. Finally, it requires tremendous
social support due to its technological, emotional, and financial challenges. All of these
features raise important questions about how to (re)design sociotechnical systems to
support this new and emerging form of technological innovation. Our research con-
firms previous findings regarding the presentation, spread, and use of information as a
key design principle to facilitate collaborative innovation [16]. Yet our focus on
bottom-up innovation also points to some aspects of technological innovation that may
have been overlooked in other studies. We suggest that a sociotechnical system that
supports innovation from bottom up involve design features to facilitate informal
learning, effective searching and filtering information, social and emotional support,
and an awareness of policies and politics.

Informal Learning. People who participate in bottom-up innovation are often non-
stereotypical technology workforce; they may be new to a given tech area (e.g., game
development) and have little or no experience of designing and creating technology.
Yet they are passionate about turning their creativity into technological products.
During this process, mechanisms of informal learning make their innovative practices
possible. Rather than taking classes in a formal learning environment, they learn by
doing (e.g., making their own games), by trial and error, by acquiring and verifying
useful information online (e.g., forum posts and YouTube videos), and by peer
assistance (e.g., questions and answers). Therefore, designing and developing systems
that better support and evaluate informal learning in STEM become crucial to foster an
innovation ecology from bottom up. For example, our participants complained that the
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available learning materials were either too easy or too challenging but they had no
control over what was shared and published. A system that facilitates nominating
tutorials for topics of various levels of difficulty and supports crowdsourcing feedback
for user created content/products would improve bottom up innovator’s learning
experiences.

Effective Searching and Filtering Information. Our findings point to the risk of
wasting innovators’ time on low quality or irrelevant information online. Most inno-
vators dedicate their personal spare time to innovating. Therefore, they regard wasting
time on unnecessary information search and verification as one of the most significant
challenges in their innovation process. For example, many innovators depend on
YouTube and its commenting feature to decide whether a tutorial video is relevant to
their practices or not. Yet YouTube as a general video viewing site has little quality
control on its content’s technical matter, which hinders rather than benefits their
innovation. Therefore, in addition to information presentation as suggested in previous
studies [16], a system that affords sharing and verifying accurate information on
specific technical topics and offers effective searching and filtering mechanisms for
such information (e.g., searching keywords in scripts of videos) would be central to
support technological innovator’s efforts.

Social and Emotional Support. Our findings also highlight that bottom-up innova-
tion is a highly challenging practice both technologically and socially, as many indie
developers are not tech savvy and may not financially benefit from their practices for a
long time. We found that regardless of working alone or as a team, innovators highly
appreciate the social and emotional support that they receive from the community.
Such support may not directly help them solve a technical or management problem but
lead to a friendly and encouraging social atmosphere for bottom-up innovation as a
long-term endeavor. In this sense, design features that facilitate social and emotional
support from the community should be encouraged to be implemented so as to better
support technological innovation. Such features may include gifting and donating,
dedicated online social space (e.g., a sub-forum) for anonymously sharing sensitive
personal concerns and seeking advice, and value-sensitive designs that encourage and
reinforce particular community norms and ethics [22] (e.g., protection of personal
privacy and effective reporting and reaction mechanism to tackle harassment).

Awareness of Policy and Political Concerns. The idea of policy preceding and
prefiguring design and practice [20, 21] in social computing is not new: As Jackson
et al. [20] discussed, policy, as a third factor, can determine the “shape, meaning, and
trajectory of shifting computational forms” together with design and practice. Our data
have shown that indie developers perceived their technological practices as driven and
influenced by a series of national policies – for example, the current focus on STEM
education and technology-driven economy. They also believed that how appropriately
indie game development fit into these national priorities significantly affected the
quality and the public perception of their products. In addition, they acknowledged that
politics (e.g., immigration) played a role in encouraging or discouraging the growth and
diversity of a technology workforce. Taken together, there seems to be a demand for an
increasing awareness of the broader sociopolitical context surrounding innovation.
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Building an ecology for bottom-up innovation does not only include designing and
creating sociotechnical systems for collective informal learning, information exchange
and filtering, and social/emotional support but also requires a better understanding of
the intertwining relationships among design, policy, and technology.

6 Conclusions

Using indie gaming as a context, we have explored the innovation ecology that makes
bottom-up innovation possible in today’s information society. We have identified four
themes that constitute an innovation ecology from bottom up, including problem
solving; collaborative information seeking, sharing, and reproducing; community
support; and policy and politics. We argue that these findings inform our understanding
of bottom up technological innovation and shed light on the design of sociotechnical
systems that mediate and support such innovation beyond the gaming context.

We offer three interrelated contributions to information science and social com-
puting. First, we emphasize the new information needs and requirements from inno-
vators who are non-stereotypical technology users, which presents empirical evidence
on how technological innovation can happen from the bottom-up in today’s informa-
tion society. Second, we extend previous studies on designing sociotechnical systems
for distributed innovation by highlighting the importance of supporting informal
learning, effective searching and filtering information, social and emotional support,
and awareness of policy and political concerns. Finally, we point to how national
policies and politics on STEM education, economic development, and technology
workforce significantly affect the motivations, trajectories, and public perceptions of
bottom up innovation. As innovation is seen as a key economic driver, our findings
concerning the mechanics by which innovative ecologies operate can inform policy
makers’ effective decision-making.
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