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Abstract 8 

Citizen science is not new. Nor are videogames. When put together, however, these elements comprise a 9 
novel and emerging area of work that is transforming not only research outputs but also the ways in which 10 
play can make knowledge. This chapter explores the recent rise in the citizen science game, or crowdsourced 11 
games with a purpose, that has begun to revolutionise research approaches in areas of the physical and 12 
environmental sciences. It overviews the ways in which this dynamic new relationship—between scientist 13 
and gamer—is transforming the ways in which scientific research can take place. It also interrogates the 14 
creative making that is happening as a result of this dynamic relationship between scientist and gamer and 15 
what paradigmatic shifts citizen science games signal for the future of play and games on the one hand, and 16 
for the nature of scientific research on the other.  17 

 18 
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 20 

1.  Introduction 21 

In September 2011, scientists published news of a breakthrough. After global effort comprising over a 22 
decade of trying—and failing—to generate a model for an enzyme-sniping protein critical in the 23 
reproduction of the AIDS virus, they had finally—after just three weeks of trying—been able to ‘generate 24 
models of sufficient quality for successful molecular replacement and subsequent structure determination. 25 
The refined structure provides new insights for the design of antiretroviral drugs’ (Khitab et al, 2011: 1175) 26 
in the treatment of the virus, they concluded. Whilst this was a welcome step toward additional treatments 27 
and a potential cure for HIV, the process by which this discovery was made was even more remarkable. 28 
Scientists had largely turned the work of protein folding (the process by which they would posit and 29 
generate models for structural determination) over to amateurs. Rather than bringing dozens of world class 30 
professional researchers on board to solve this problem, the team (based at the Center for Game Science at 31 
the University of Washington) developed a citizen science game called Foldit and invited puzzle solving 32 
gamers to try their hand at positing folded proteins. The game itself had a leader board and gamers could 33 
work in teams to solve the protein folding puzzles. And most importantly it tapped into areas of human-34 
based computational skill that computer-based algorithms have yet to replicate or improve on: intuition, 35 
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visual cognition, and pattern-matching skills. As the authors noted, ‘The critical role of Foldit players in 1 
the solution … shows the power of online games to channel human intuition and three-dimensional pattern-2 
matching skills to solve challenging scientific problems.’ (Khitab et al, 2011: 1177) Utilising a novel co-3 
productive creative process designed around a citizen science game, this innovative approach to making 4 
knowledge enabled a significant step forward in an important area of scientific research. And in the years 5 
following this breakthrough, a small but increasing number of citizen science gaming approaches are being 6 
used in physical sciences research (Cooper et al, 2010; Trueille and Das, 2014, Rallapalli et al, 2015) by 7 
enlisting large numbers of volunteers to analyse and produce data in an immersive and creative gameplay 8 
environment. 9 

 10 

Citizen science itself is not new, but its gamification and digitisation is. Recent years have seen a noticeable 11 
upsurge in new forms of citizen science through the provision of shared data collection or analysis via 12 
digitisation (i.e. Zooniverse), collective knowledge creation within the online space (Wikipedia, 13 
Encyclopedia of Life) and now the design of citizen science games1: videogames created by scientists to 14 
engage and enlist the public (gamers) in scientific research and analysis (i.e. FoldIt or EteRNA). These 15 
games provide a unique way of making knowledge between these two participants: the scientist and gamer.  16 

 17 

For almost as long as we’ve had digital games, there has been controversy about them. The pattern and 18 
emergence of these controversies is well reflected in the themes and trends in academic research and 19 
literature around the topic of digital games. While first seen as a technical marvel, or even a technique to 20 
verify or test computing, computer or video games then went largely ignored by academia until the late 21 
1970s, or at least until their cultural popularity gained attention in the media. Suddenly, videogames were 22 
now raising questions around their impact on social interaction and addiction, on their causal relationship 23 
to violence or anti-social behaviours and norms. Their widespread popularity appeared to signal a shift in 24 
popular culture and generate new forms of playful engagement that early games and play theorists like 25 
Johan Huizinga and Roger Caillois could not have imagined when they wrote in the 1930s and 50s. 26 
(Huizinga, 1938; Caillois, 1958) And as with many new things that are taken to by a noticeable part of 27 
society, it raises questions and expands possibilities.  28 

 29 

I was contacted by a fellow games researcher in late 2012, asking me if I’d seen these ‘citizen science 30 
games’ that were starting to pop up. At that point I’d only heard of Foldit and the sudden success its gamers 31 
had had in folding that AIDS-related protein. (Khitab et al, 2011) As a researcher who’d long been 32 
interested in studying the widening scope and capacity of games in society, this felt like exciting news. 33 
Here were scientists, faced with a real challenge, one that could make a difference in studying and curing a 34 
devastating disease, and some unlikely allies had ‘saved the day’. It felt like the conclusion of a far-fetched 35 

                                                           
1 For the purposes of this chapter, the games discussed will be referred to as ‘citizen science games’ rather than ‘games with a 
purpose’, which is another term sometimes used to refer to these types of crowdsourced games.  
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natural disaster film where the unlikely hero swooped in at the eleventh hour and rescued the planet. These 1 
games, and their active facilitation of dialogue and creative making between what appear to be two unlikely 2 
allies, seem to demonstrate even more ways in which videogames continue to evolve. 3 

 4 

It seems fitting, then, that Brendan Koerner, in his Wired article about the citizen science game EteRNA 5 
had described them as a ‘science crowdsourcing tool disguised as entertainment’ (2012). They are designed 6 
with entertainment, competition, and reward at their core to engage a widening group of participants and 7 
capitalize on their particular skillset: that of puzzle solving. These citizen science game pioneers have opted 8 
to shift the focus from eliciting the public’s support using science alone to building in elements of 9 
gamification (Hamari, Koivisto, & Sarsa, 2014) to expand and sustain wider engagement and input. This 10 
chapter explores a selection of these games and considers the impact of drawing together what is often 11 
viewed as one the most laudable of pursuits of our modern society, scientific research and analysis, with 12 
what is often seen as one of its more contentious elements, the videogame. As with the commercially 13 
oriented videogame, communities and supporters are forming around these games and signalling a new 14 
dynamic interaction between the professional and amateur, appearing to capitalise and hone in on specific 15 
skillsets of each group. This chapter, however, interrogates the opportunities and potential challenges that 16 
this relationship presents and considers questions around the sustaining and designing these games going 17 
forward. Do games become something else when they can make knowledge? Are they reshaping the 18 
landscape of how scientific knowledge is produced and who should and can be involved? Or are they simply 19 
symptomatic of our current digital era with its predilection to ‘gamify’ everything? 20 

 21 

2.1 Background: contextualizing the digital game  22 

Why do we play games? Is it to entertain ourselves? To distract? To learn? To challenge? Play and games 23 
are concepts which seem interwoven into an associational relationship (called ‘a bounded utility’ by games 24 
theorist Alexander Galloway [2006: 19]). Scholarly approaches to play and games across multiple 25 
disciplines have been predominantly situated within studies of leisure pursuits; animal behaviour; or 26 
childhood development. (Caillois, 1958; Juul, 1938; Smith, 1984; Sutton-Smith, 1986, 1997). In addition, 27 
within the humanities, the definition of play and games has typically been regarded through its meaning 28 
and utilization within culture. (Huizinga, 1938) Play and games have also been considered in terms of a 29 
kind of process of ordering or categorization of rules and structure, particularly when attempting to define 30 
or contextualize it. (Caillois, 1958) Probably largely due to their pervasive nature, it is not surprising that 31 
play and games have been approached from different disciplines in different ways. This has been 32 
highlighted by some researchers, suggesting that making an over-arching theory about play is difficult. 33 
According at least one play researcher, Brian Sutton-Smith, ‘when it comes to making theoretical 34 
statements about what play is, we fall into silliness’ (1986: 1). He viewed that problems in conceptualising 35 
play come partly ‘because there are multiple kinds of play and multiple kinds of players’ (Sutton-Smith, 36 
1986: 6). Sutton-Smith attributes the complexity of defining play to its variability. He posits that play is a 37 
‘facsimilization of the struggle for survival as this is broadly rendered by Darwin’ (1986: 231). If, in fact, 38 
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play represents the fundamental human drive to survive and all games ‘act out’ that struggle, then play is 1 
more than just a trivial distraction or leisure pursuit. Play is not necessarily a tidy experience that always 2 
has a beginning, middle and end—there is dysfunction and obligation, there is the ‘work’ of play, there is 3 
the failure in play. 4 
 5 
Games theorist Jesper Juul draws on seven distinct (though not uncomplimentary) definitions of a game, 6 
all suggested by different academics (2005), before suggesting a definition of his own,  7 

 8 
a game is a rule-based system with a variable and quantifiable outcome, where different outcomes are 9 
assigned different values, the player exerts effort in order to influence the outcome, the player feels 10 
emotionally attached to the outcome, and the consequences of the activity are negotiable (2005: 36)  11 
 12 

The usefulness of Juul’s definition is that it strips away any contemporary or historical factors that might 13 
limit an understanding of games whilst also considering the core elements of what makes a game works 14 
and how the nature of play (or the player) fits within that. But games and play are about more than simply 15 
rules or outcomes. They are also about action. The action or physical process of play connects the rules and 16 
outcomes of play with the components of such activity, such as through the digital interface, or the game 17 
pieces, by which the player accesses and navigates the game. As Espen Aarseth explains, 18 

 19 
Games are both object and process; they can’t be read as texts or listened to as music, they must be played. 20 
Playing is integral, not coincidental like the appreciative reader or listener. The creative involvement is a 21 
necessary ingredient in the uses of games (Aarseth, 2001: 1). 22 
 23 

This making of play—the action of play—demands not only a ‘creative involvement’ on the part of the 24 
player, but helps explain why games and play are so entwined with each other. Unlike, as Aarseth suggests, 25 
the appreciative music listener who can enjoy a great piece of music without actually having participated 26 
in its production, the player has an active role in making the game happen.  27 

 28 

With regards ways in which academic research has approached its study of the videogame, this has often 29 
been in relation to its place within and impact on society. Some of the earliest studies into videogames were 30 
interested in the health and psychological impacts of games on gamers. Research has looked at, in particular, 31 
the links between aggressive behaviour and violent games (for example, Griffiths, 1998; Ferguson, 2010); 32 
addiction or pathological games use (King et al, 2009; Sim et al, 2012); the impact of digital games on 33 
childhood and adolescence (Olson, 2010; Fromme, 2011); and the gendered nature of games 34 
(Subrahmanyam & Greenfield, 1994). Some studies, in response to some research, have engaged in a debate 35 
around whether there can be a valid categorization of gaming as either addictive or aggression-inducing in 36 
nature (Wood, 2008; Ferguson and Dyck, 2012), suggesting that while academic research has been 37 
interested in discovering a link between games and their adverse impacts, successfully making a link (or 38 
disproving one) remains undetermined.  39 
 40 
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In addition to research into the psychological or sociological impacts of gaming, the study into its health 1 
impacts has been more varied in scope, with some research focused on the potential negative impacts on 2 
health such as its causal impact on obesity or attention deficit hyperactivity disorder (ADHD) (Burke et al, 3 
2006; Chan and Rabonowitz, 2006) while others have identified the benefits of gaming as a pain 4 
management tool (Raudenbusch, 2003); in cognitive development or improvement among children or older 5 
adults (Basak et al, 2008; Whitlock et al, 2012); and as a benefit for individuals with neuropsychiatric 6 
disorders such as autism (Tanaka et al, 2010).  7 
 8 
Studies into videogames have also expanded to look at the nature of the games themselves (Aarseth, 2001; 9 
Juul, 2005); games design (Salen and Zimmermann, 2003); the narrative (Jørgensen, 2010); and the 10 
relationship between the virtual of the ‘gaming world and the real world’ (Galloway, 2004: 1). Another way 11 
that interested scholars have reflected on the digital game is from the perspective of the interface (Galloway, 12 
2006, 2012) and the structure (from the devices through to the in-game) of the game (Ash, 2009) and its 13 
related embodied actions. What the digital game was and how it could be studied and defined became a 14 
foremost interest, as these scholars began to place their work in what was being referred to as (computer) 15 
games studies, an interdisciplinary field devoted to the digital game and its layers of meaning in action 16 
(Aarseth, 2001) and above their own individual disciplines. 17 
 18 

New areas of research into the serious or educational game, including more recently the citizen science 19 
game, has brought to the fore an interest in and attention to the use of gaming concepts and ideas in a non-20 
traditional, non-commercially oriented environments. Research into educational games has explored games 21 
developed to support education (often called ‘serious games’) for use in the classroom (Prensky, 2001, 22 
2005); on the ways that existing forms of gamic action can support educational agendas to teach a particular 23 
subject or skills (Griffiths, 2002; Lim, 2009) or as an educational tool, particularly for students with 24 
disabilities (Khandaker, 2009); and it has also researched any links between gaming (particularly excessive 25 
gaming) and poor academic performance (Jaruratanasirikul et al, 2009). This has also led to recent attention 26 
around taking core game design ideas and related outcomes and applying them to other environments such 27 
as education, health or business through a process referred to as gamification. (Reiners, T and Wood, LC, 28 
2014; Surendeleg, G. et al., 2014) Gamification is defined as ‘a process of enhancing services with 29 
(motivational) affordances in order to invoke gameful experiences and further behavioural outcomes’ 30 
(Hamari, J., Koivisto, J. & Sarsa, H., 2014: 3026). Gamification is used primarily in contexts seen as being 31 
beyond actual conventional games. Hamari et al frame gamification as being a ‘next generation method for 32 
marketing and customer engagement’ (2014: 3025) and Deterding et al (2011) have described it as a way 33 
to encourage positive user engagement in products and services. Gamification techniques rely 34 
predominantly on positive user feedback and tangible game-like goals (achievements, leaderboards, 35 
quests), and while there has been a growing interest in this approach within business, educational, and third 36 
sector areas, its effectiveness remains under-studied (Hamari et al, 2014). 37 

 38 

All of these diverse areas of research and engagement, across disciplinary and thematic lines, suggest that 39 
the elements of play and games (and their impact) are finding their way into new environments and raising 40 
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possibilities around their benefits, challenges, and application beyond their traditional constructs. It is 1 
becoming clear that games and play are not merely a developmental construct of the young, or a commercial 2 
venture It would seem, then, to cause little surprise when these principles of play and games may be finding 3 
their way into the provision of academic research practices themselves. And as games are, at their core, an 4 
action-based medium, it seems a well-suited, malleable practice that allows for further modalities of 5 
engagement beyond the traditional or conventional. 6 

 7 

2.2 Background: Making citizen science into games  8 

A few years ago, I informally asked a few science colleagues what they felt was limiting their discipline—9 
what was needed to support the next great ‘leap forward’ in their fields of research. Invariably a number of 10 
them said that greater computational power or innovations were required. Scientific research, one 11 
explained, requires increasingly sophisticated algorithmic innovations to effectively manage the 12 
increasingly massive data outputs that need to be analysed and handled. There are areas of research where 13 
human-based computing is acknowledged as still being ahead of any computational algorithm currently in 14 
place. (Cooper et al, 2010; Eiben et al, 2012) And for scientists working in these areas, they acknowledge 15 
that handling the analysis needs as a result of this era of big data requires innovating a ‘new approach to 16 
solving computationally-limited scientific problems’ (Cooper et al, 2010: 756). And for some researchers 17 
and research projects, using a crowdsourced approach to scientific research which draws on an engaged 18 
public has proved an effective tool. (Cooper et al, 2010; Treuille and Das, 2014) 19 

 20 

The professional, modern scientist as we know it today first emerged in the early nineteenth century from 21 
the Scientific Revolution which began in the 16th century, and with it came the origins of the first doctorate 22 
degrees in the sciences. Even the term scientist in the English language is relatively new, having only been 23 
coined in the 19th century by William Whewell. (Ross, 1962) The doctorate in science was first established 24 
in Germany in the early 1800s and expanded to other nations into the late 19th and early 20th century. (Rüegg, 25 
2004) Before this time, scientific research was largely conducted by individuals more typically referred to 26 
as natural philosophers, or scholars who had a philosophical interest in the natural or physical world. It 27 
these earlier days, the scholar who reflected on scientific ideas, might also be considered a philosopher and 28 
in some cases had taken orders within the Church. An early scientist’s qualification or predisposition to 29 
explore science was not necessarily related to a particular scientific qualification at university. According 30 
to modern standards, it could be argued that their work was, to a large extent, what might now be viewed 31 
as amateur. 32 

 33 

Modern approaches to scientific research typically expect that it is performed by the trained, highly 34 
qualified professional. It has never fully abandoned the role of the amateur, or citizen, however. As far back 35 
as the eighteenth century, volunteers have been sought on a large scale to submit or collect scientific 36 
information. Their input was particularly notable in areas of observation and data collection in the fields of 37 
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biology, environmental science and astronomy. (Dickinson and Bonney, 2012) This form of citizen science 1 
relied on public engagement and a reliable submission of data to scientific societies or universities. As 2 
Dickinson and Bonney state, ‘By our definition of citizen science as public participation in organized 3 
research efforts, hundreds of thousands of individuals around the world are “citizen scientists,” people who 4 
have chosen to use their free time to engage in the scientific process.” (Dickinson and Bonney, 2012: 1) 5 

 6 

Citizen science has grown by leaps and bounds in recent years, likely attributable to an expanding access 7 
to information technologies and the growth of grassroots advocacy, particularly in relation to environmental 8 
science. As Alan Irwin observed in the mid-1990s, citizens need to be active participants in science and the 9 
impact it has on the every day. (Irwin, 1995) He also argued that ‘science and technology should be  10 
seen above all as human activities’ (2)  and that ‘communities need to get involved’ (105) in their acti-11 
vities. For Irwin, the nature of scientific citizenship was a dynamic one that characterised contemporary 12 
society (1995). This trend to advocacy through citizen science continued and expanded as internet 13 
technology grew and scientists saw ways to not only educate but also engage large communities in 14 
supporting and learning about their research. Dickinson and Bonney see ‘large-scale citizen science as a 15 
microcosm of the changes that are occurring in science and society owing to the explosion of the Internet 16 
and the social web.’ (2012: 3) For some, the growing participation in citizen science ‘represents a 17 
fundamental change in the way that scientific work is distributed within society.’ (Good and Su, 2013: 18 
1931) 19 
 20 

In environmental science, a lot of the literature exploring citizen science projects suggests that citizen 21 
science functions primarily to empower and encourage the public to increase their understanding of and 22 
support of science. (Dickinson and Bonney, 2012) Citizen science, they argue, reaches the public and 23 
transforms them. The projects on offer largely support this view, but ask for a limited engagement from the 24 
public around areas which pose less risk to the success of the project. The majority of citizen science games 25 
appear to avoid tasks seen as too complicated or skilled, such as data analysis or laboratory 26 
experimentations. Projects are mostly about data collection on a large scale: the public submitting a count 27 
of how many birds they have seen in their back garden (Audobon Bird Count), or through basic data 28 
analysis: counting images of penguins in Antarctica (PenguinWatch). Good and Su describe these forms of 29 
activity as encompassing ‘an emerging collection of approaches for harnessing such distributed human 30 
intelligence’ (2013: 1925). They lament the lack of research and resources around the best ways to use these 31 
forms of human-powered engagements across various ‘scientific domains’. (2013: 1925) 32 

 33 

For many researchers involved, citizen science is seen as a largely positive experience for the member of 34 
the public who is contributing to the scientific project: they are being educated and motivated to contribute 35 
to a greater good. (Cockshut, 2014) Many of the projects are highlighted and promoted for their ability to 36 
engage in public education or stewardship activities. (BBC, 2013, 2016) By engaging with citizen science, 37 
professional scientists can expand the culture of academic science beyond what are viewed as their primary 38 
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markers of success, namely publications, teaching, and the wider scientific community.  (Dickinson and 1 
Bonney, 2012) But that doesn’t mean it’s not viewed by some as a risk to those key values: supporting and 2 
developing a cohort of citizen scientists can require resources and take time away from what are seen as 3 
core academic pursuits. (Trueille and Das, 2014) What remains less explored, in the predominant literature 4 
around citizen science as a whole, is the benefit that these contributions can make for the scientists 5 
themselves, particularly beyond those key values that Dickson and Bonney refer to above.  6 

 7 

A good example of most current citizen science or crowdsourced research projects are those housed on 8 
Zooniverse, an online portal to (as of mid-2016) over forty different projects that the public can get involved 9 
in. (See Fig. 1 below.) They include projects that go beyond science as well, covering the arts and 10 
humanities and the social sciences.2 Most of the projects involve visual cognition or data processing 11 
activities. In some citizen science projects, thousands of participants are credited with contributing to a 12 
project. In PenguinWatch 2.0 (where citizen scientists are asked to classify penguins, chicks, and eggs by 13 
pointing and clicking on their images), it notes (as of June 2016) that almost 4 million images have been 14 
classified by over 36 thousand volunteers. (PenguinWatch)  15 

 16 

 17 

Figure 1. Screen capture of the Zooniverse citizen science portal (www.zooniverse.org), 2016. 18 

As academics are increasingly taking advantage of these new forms of digital and social web-related access 19 
through a range of citizen science projects, so have some begun to think of new and alternative ways to tap 20 

                                                           
2 It’s worth pointing out here that there are an increasing number of crowdsourcing activities that support non-scientific research, 
such as Shakespeare’s World (asking participants to view and identify words on handwritten papers from Shakespeare’s 
contemporaries), https://www.shakespearesworld.org/#/. For the sake of this chapter, however, the focus is exclusively on the 
crowdsourcing activities that have a specifically scientific orientation, namely citizen science. 
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into this large pool of potential volunteers to support their work and deal with the increasingly massive 1 
amounts of data that require processing and handling. In the case of a few of these scientists, some are using 2 
a game platform to engage their citizen scientists. 3 

 4 

The earliest known example of a game with a purpose was released in 2004 and the first known citizen 5 
science game, Foldit, was released in 2008.3  With data suggesting that for many, video games are their 6 
primary leisure activity with many hours spent playing them per year (ESA, 2016), early proponents of 7 
using game platforms to facilitate certain largescale research needs, Luis von Ahn and Laura Dabbish, 8 
advocated tapping into this excessive time commitment to support research: ‘What if this time and energy 9 
were also channeled toward solving computational problems and training AI algorithms?’ (2008: 59) These 10 
games also wanted to tap into something else that citizen science was already doing: gather together a large 11 
pool of humans to cope with the massive output of data now overwhelming many scientific fields. (Curtis, 12 
2014) For Trueille and Das (2014), they also argue that using what they term a ‘massive open laboratory’ 13 
through their game EteRNA is an effective way to mitigate the growing problems they see affecting the 14 
scientific method in an increasingly big data research environment:  15 

A growing spate of controversies, retractions, and fraud cases highlight the susceptibility of modern biology 16 
to untruths. Despite an elaborate peer review system, issues such as data manipulation, lack of reproducibility, 17 
lack of predictive tests, and cherry-picking among numerous unreported data occur frequently and, in some 18 
fields, may be pervasive. Some of these issues are further intensified by what is now a hallmark of modern 19 
biology, the use of high-throughput experimental techniques. … In our view, however, hypothesis generation 20 
and experimental tests by creative scientists are what make science exciting and truthful. Therefore, 3 years 21 
ago we began to explore a new idea: rather than allow growing experimental data to overwhelm hypothesis 22 
generation, perhaps a larger number of people could be recruited to deeply analyze and design experiments. 23 
The result is what we term a massive open laboratory model for science. (507) 24 

In EteRNA’s case, this meant creating what may be seen as a fairly rudimentary puzzle game, which taught 25 
the basics of RNA sequencing, but which established the gamers (or the citizen scientists) as an integral 26 
element of their overall laboratory strategy.  27 

 28 

In the case of the game Fraxinus, the goal was a genomic study of the pathogen which is currently 29 
decimating ash trees in Europe, and designers utilized not only a puzzle-based casual game but released it 30 
on Facebook. The idea was to expedite the release and engagement of players in the problem, due to the 31 
time-related pressure the researchers faced. The game, designed by Dan MacLean at Sainsbury Lab in the 32 
UK, was released within months of the first case of the disease being discovered in the east of England. 33 

                                                           
3 The earliest games with a purpose go back as far as 2004 when researcher Luis von Ahn created a game called ESP, which was 
an image recognition game. Though it was not specifically a science game, it drew on similar principles of using large human-
based computation and visual cognition techniques. This was largely built from success von Ahn and his colleagues had 
experienced from developing the ubiquitously familiar reCAPTCHA program which found great success verifying the superior 
ability of humans to recognise lettering as compared to computing. (von Ahn et al, 2008) 
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(Rallipalli et al, 2015) This approach drew on social media, game play, and an urgent research need to 1 
propel its work forward.  2 

 3 

For the creators of Foldit, following its notable early protein folding successes (Khitab et al, 2011), it 4 
provided compelling early evidence in support of the hypothesis that using a large, crowd of skilled puzzle 5 
solving players could produce a result and be an effective tool for researchers. As they write, 6 

Although much attention has recently been given to the potential of crowdsourcing and game playing, this is 7 
the first instance that we are aware of in which online gamers solved a longstanding scientific problem. These 8 
results indicate the potential for integrating video games into the real-world scientific process: the ingenuity 9 
of game players is a formidable force that, if properly directed, can be used to solve a wide range of scientific 10 
problems. (1177) 11 

But perhaps most interesting about this intersection of the gamer with the scientist is the notion of creative 12 
problem solving, or the shared making of knowledge, as stated by Trueille and Das (2014) above and by 13 
Eiben et al (2012) below:  14 

crowdsourcing complex computational protein-design problems with a community of game-developed 15 
experts can be an effective way of creatively sampling the potential sequence space for the design of active-16 
site loops that modulate enzyme activity. (192) 17 

 18 

3.  Studying When Citizen Science Meets the Game 19 

I recently sat with a group of my first year undergraduate games design students to discuss citizen science 20 
games. These were predominantly male, aged 18-27, and self-proclaimed avid gamers used to blockbuster 21 
games like Fallout 4, Call of Duty, or World of Warcraft. These students were used to my challenging them 22 
to think beyond the typical scope of the commercially viable game and consider alternative games and their 23 
impact in other areas. I felt this was an important part of their learning process, particularly as they were 24 
fledgling game designers about to embark on a career in a field that has seen radical growth and shifts in 25 
its decades of existence and a field that was still under development.  26 

 27 

Most had never heard of citizen science games before, however. When I explained that these were games 28 
designed to help analyse actual scientific data using game platforms and puzzlers, most were politely 29 
curious, yet largely uninterested. How is that even a game, asked one of them.  Another noted that they’d 30 
heard of games like that, but they’d presumed they were pretty boring to play. A few were intrigued by the 31 
idea and discussed them in more detail. Perhaps, one posited, games like these might improve the negative 32 
perceptions of games and gamers. Another proposed that introducing more games like this in school could 33 
make certain subjects more interesting to learn. This inevitably segued to some students arguing that a lot 34 
of so-called ‘serious’ or educational games were poor quality and that students only played them in school 35 
as it was better than working out maths problems on a worksheet. I asked them if they’d feel ‘better’ about 36 
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playing a game if they knew it was supporting a greater aim or answering important questions. A number 1 
of them agreed, but a few remained ambivalent. Games are meant to be fun, one remarked, doesn’t really 2 
matter what kind of data they are built on or if playing it helps in some other way—it just has to be fun to 3 
play. And if it wasn’t fun, I asked, but you still knew it was helping with research? Then, he responded, I 4 
probably wouldn’t really bother to play it really. At least not for long, he added. To me, this ad hoc 5 
conversation with my students raised a few interesting questions around the nature of games and whether 6 
or not a citizen science game—a game which may be more about purpose than simply fun—has not only a 7 
role for the creative making of knowledge but could also be regarded as part of the canon of videogames.  8 

 9 

As discussed earlier in this chapter, there are increasing examples of games being used in non-entertainment 10 
contexts, including serious or educational games, gamification in business or health, and now the emerging 11 
citizen science game. And while academic research has been interested in studying a range of ways that 12 
games and play are impacting modern society, there is less work done around the interactive dynamic 13 
between the scientist and gamer in the citizen science game. Based on my own work looking at the 14 
experience of play in a massively multiplayer online roleplaying game (MMO) (Cockshut, 2012), I was 15 
interested in how these fledgling citizen science games might compare to the genuinely global, massive for-16 
entertainment game, particularly in relation their community relations and approach to game-making. In 17 
the summer of 2014, I conducted a limited online ethnographic study of a small selection of citizen science 18 
games, primarily interested in the experiences of its players and scientists around their motivations for 19 
creating meaning (scientist) and making knowledge (gamer) through such a game and how it might more 20 
effectively support research and public engagement going forward. To inform this initial study, I used 21 
publicly available online forum discussions, anonymised online communications with participants, and 22 
academic journal articles and media reports to draw insight.  23 

 24 

Research conducted online is no longer viewed as a new phenomenon; it has become established as a valid 25 
(and source) of investigative enquiry (Lee et al, 2008). The work of Christine Hine (2000) and Annette 26 
Markham (1998; 2009) are considered seminal contributions to thinking through the methodological and 27 
ethical problematics of online research. A holistic approach to designing online-based research is 28 
particularly in Hine’s work on researching the internet in 2000. As Hine writes, ‘An ethnography of, in, and 29 
through the Internet can be conceived of as an adaptive and wholeheartedly partial approach which draws 30 
on connection rather than location in defining its object.’ (2000: 10) I have utilized this adaptive and 31 
connective approach in my own study of online persistent game environments and their complexities as 32 
expressed through the actions of play, community building, and competition. (Cockshut, 2012) This 33 
approach has been supported through the work of Fields and Kafai (2010) when they applied this idea of a 34 
‘connective ethnography’ (drawn from Hine’s earlier work, among others) to trace gamer practices across 35 
the ‘different spaces’ of play (2000: 91), an approach that greatly affirms my own. The notion of the 36 
effective connective online ethnography requires engaging with varied tools and techniques to pull data 37 
together. Taylor describes her research practice as ‘bricolage, pulling from a variety of techniques, tools, 38 
and methods to understand a mix of practices, representations, structures, rhetorics, and technologies’ 39 
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(2006: 17). I found echoing a similar approach to Taylor’s to be effective in my own ethnographic work in 1 
these first generation citizen science games, particularly in relation to adapting and modifying my research 2 
collection methodology around the needs and practices of the players themselves.  3 
 4 
My preliminary, smallscale study of these games and their creators (scientists) and knowledge makers 5 
(players) was interested in the following:  6 

1. Drawing out which values matter to each group and what sustained their contributions to (gamers) 7 
or development of (scientists) these types of games 8 

2. Learning what, if any, community had developed around these games and how those relations are 9 
being sustained 10 

 11 
The aim of this work was to conduct a preliminary, scoping study to inform potential social science-related 12 
research in and around player experiences in citizen science games. While the data generated from this 13 
study represents a small sample and should not be viewed as conclusive, they do provide some interesting 14 
areas which warrant further study.  15 

 16 

About the Citizen Science Game 17 

For the purposes of this preliminary work, three citizen science games were studied: EteRNA, Foldit, and 18 
Fraxinus.  Each of them have built a game platform around a specific set of data that can be analysed and 19 
handled better using human-based computational skills. As one scientist described it, their game was 20 
designed to take advantage of ‘using the crowd as a human super computer’4. All of the games are designed 21 
to be accessible, free to play, and understandable to a non-scientist. While Fraxinus is accessible as a 22 
Facebook-hosted game (Rallapalli et al, 2015), the other two have dedicated Web sites, with forums and 23 
information housed on them as well.  24 

 25 

Of those players interviewed for this preliminary study, I observed that while the majority had little previous 26 
engagement with mainstream, commercial videogames, some had had experience playing casual or puzzle 27 
based games. I also noted that some had a computing or science-related background, though most did not. 28 
And among the two Web-based games studied, I found that there were active, engaged communities of 29 
players who had formed subgroups and other forms of communication and interaction to support their 30 
activities. This had also expanded to creative forms of engagement and knowledge making between scientist 31 
and player through the game.  32 

 33 

In the following two sections, all of the comments and communication with scientists and players have 34 
been anonymised, unless previously published elsewhere (via the media, the game sites or academic 35 

                                                           
4 Scientist 1 
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journals or publications). I spoke with players in two different citizen science games and with scientists 1 
associated with three different games. 2 

 3 

The scientist as creator 4 

In this section, I highlight certain core values that emerged from conversations with and comments by 5 
scientists involved in designing and managing citizen science games.  6 

 7 

Value 1: Has a computing-based problem which needs human input 8 
Perhaps the most telling motivation for a scientist to adopt a new approach like crowdsourcing research is 9 
when a limitation is reached in their own research approach. When David Baker and his colleagues ran into 10 
such difficulties, they innovated a method which eventually expanded into a citizen science project, 11 
Rosetta@home, in 2005. And from this project eventually emerged the Foldit game. 12 

To enable the more comprehensive searching necessary to find the low-energy native energy minimum, we 13 
decided to enlist the help of the general public. We created a distributed computing project called 14 
Rosetta@home … in which volunteers donate spare cycles on their computers to carry out folding 15 
trajectories. (Baker, 2014: 225) 16 

 17 

For some, the human ability to spot patterns and make intuitive leaps are key to the citizen science game. 18 
In the case of EteRNA, Rhiju Das acknowledges that while computing programs try to decipher and build 19 
new strands of RNA, none could match the human ability to pick up on subtle, emerging patterns (Gross, 20 
2012) to effectively predict new ones. ‘We're relying on humans to do something computers can't do, which 21 
is create hypotheses,’ Das said. ‘There's no computer who can do that. They don't have imaginations.’ (Das 22 
in Gross, 2012) And for Das, the decision to make his citizen science project into a game was due to, he 23 
says, certain qualities that make online gaming fun.  24 

The most addictive online experiences, they have certain qualities that are game-like. … They're social. You 25 
have a chat. You feel like you're in there with some other people and it also has to give you a huge amount 26 
of positive feedback. (Das in Gross, 2012) 27 

 28 
Value 2: Has a lot of data and needs a lot of resource 29 
In discussions with one scientist, he explained part of the driving force behind creating a citizen science 30 
game was having ‘a lot of data to churn through’5 that needed processing and for another, the approach was 31 
deemed necessary in order to speed up the design and to ‘create a pool of volunteers who could scale human-32 
generated experimental design and analysis along with biochemistry's rapidly expanding experimental 33 
throughput.’6 34 
 35 
Value 3: Isn’t afraid to be imaginative and take risks  36 

                                                           
5 Scientist 1 
6 Scientist 2 
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A number of researchers have pointed to how their disciplinary background pushes them to try new things; 1 
and considering that the majority interviewed were from a bioinformatician background (a relatively new 2 
interdisciplinary scientific field of research that brings together computing, mathematics, statistics, and 3 
engineering to study biological sciences). We ‘[bioinformaticians] like to try new approaches and aren’t 4 
intimidated by the mechanics of processing and taking in data this way,’7 one explained to me.  5 
 6 
For some, the potential output is worth the risk of use a game to support research even when segments of 7 
the scientific community may not yet fully embrace the idea: ‘At the beginning, we weren't sure this 8 
approach would work, which is why we set the game up to be continually changing and improving. I think 9 
initially there was some 'naysaying', but hopefully through some of [its] successes of [the game], as well as 10 
other games that involve the public in scientific research, that has changed.’8 11 
 12 
Value 4: Appreciates the value of skilled players  13 
At least two of the researchers behind one of these games had a direct experience with gaming, which likely 14 
contributed to their openness to using game platforms to support areas of research. (Das and Trueille, 2012; 15 
2014) For other researchers, the unique contribution that players make to the process has been invaluable: 16 

The ‘skills of top players far outweighs anything I could have imagined’ (Adrien Trueille, in Gross, 2012)  17 

‘FoldIt players in the last 2 years have made a number of quite important contributions: they solved the 18 
structure of a retroviral protease, developed new algorithms for finding low energy protein conformations 19 
and improved a de novo designed enzyme by rather large-scale redesign of the active site. (Baker, 2012)  20 

 21 
For the scientist as creator, the values of innovation, risk-taking, and resource-reliance are relevant and their 22 
needs for support enable them to work with and valued a skilled non-scientist community.  23 
 24 
The player as knowledge maker 25 

Without the player, the citizen science game cannot achieve its potential: making the knowledge that 26 
supports or innovates the wider research aims of the project. In this section, I highlight what players value 27 
whilst playing and making knowledge in citizen science games.  28 

 29 
Value 1: Mutual respect and scientist engagement  30 
For the players, a tone of a shared responsibility and ownership is expressed and enacted through the goals 31 
of the game. As one player said, ‘Our game, our scientists and we are their players. This is a joint adventure.’ 32 
(1) 33 
 34 
Value 2: Emotional investment and community involvement 35 

                                                           
7 Scientist 1 
8 Scientist 3 
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For many of those interviewed, an emotional investment and attachment to the game was expressed: ‘I 1 
really love the idea with citizen science. I feel the term describes well what I am. I’m a citizen doing 2 
science… my feeling … is empowerment. We play, fail and succeed.’ (2) 3 
 4 
Another player discussed the impact that the community has had on their emotional investment and 5 
commitment to the game:  6 

I think the reason that I'm so emotionally invested … is because of how much I have gotten out of it. I've 7 
made friends and I've gotten the chance to be part of something that not everyone can be a part of. I also 8 
found a lab to work at due to my involvement in [the game]. [It] has helped to shape my life in a multitude 9 
of ways, and I guess that's why it means so much to me. (3) 10 

 11 
The shared sense of involvement is expressed by this player, particularly by referencing their own work 12 
using the plural pronoun: ‘We all help and contribute. But we do so differently. We try make up for the 13 
weaknesses and for what is lacking.’ (4) 14 
 15 
Value 3: Contributions and work 16 
Work and contributions were important to many of the players I chatted with. Terms like problem solving, 17 
‘work’, and ‘help’ suggest an active, productive engagement with the ‘The way I see it, the faster we get 18 
the new players level up, the more we can all contribute to science. We have problems to solve.’ (5) For 19 
another player, the association with a greater aim through playing a citizen science game appears 20 
unmistakable: ‘I work for something.’ (6)  21 
 22 
And for this player, there is the idea of not only actively supporting the project (‘help the protein’) but also 23 
the notion that they can develop and hone new skills and abilities through playing the game: ‘I want to help 24 
the protein be what it should be’... ‘I like to measure myself against something…’ ‘I get to use abilities that 25 
I didn’t know I had’ (7)  26 
 27 

Markers of contribution can be self-determined or encouraged through the game itself. In fact, for my own 28 
participation in EteRNA, I was given a certificate marking my own contribution (see Fig. 2). 29 
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 1 

Fig 2. The author’s ‘certificate’ of participation in EteRNA (2016) and markers of recognition for that work. 2 

 3 

For the player of the citizen science game, the result of this sample set of interviews suggests that they value 4 
not only a sense of mutual engagement and respect, but also favour the opportunity to contribute 5 
meaningfully to both the activity and community of their respective games. The process of gameplay is not 6 
merely about the outcomes of the game, it appears, but also about the contributions and emotional 7 
investment that they make.  8 

 9 

4.  Reflecting on citizen science games: challenges and possibilities  10 

It seems clear that citizen science games signal an interesting opportunity for both the scientist and game 11 
player to collaborate and make new areas of knowledge together. It appears to not only enable the non-12 
scientist to contribute meaningfully to timely research, but to do so in a way that could generate more 13 
concerted and regular interactions between these two seemingly disparate groups of people. There appear 14 
great potentialities for community building, empowerment, and outcomes-based commitments to surround 15 
these efforts and to sustain long term engagement. It is not without its critics and degrees of cynicism, 16 
however. Recollecting my own informal discussion with some of my games design students, it may remain 17 
a challenge to draw enough mainstream players to what may be misconceived as a boring or ‘serious’ game, 18 
and having a significantly large group of skilled gamers are critical to make a suitable dent in the huge 19 
amount of data that requires analysis. (Gross, 2012) 20 
 21 
Coupled with this is the academic cynicism that may greet projects of this type. For one of the scientists 22 
involved, the cynicism may relate to different backgrounds and training: ‘A lot of bench based scientists 23 
don’t make the mental leaps about how distribution of a problem and highly parallel consideration can help, 24 
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it isn’t in their training to go from a reductionist philosophy to seeing how large scale involvement could 1 
work.’  2 
 3 
For some, the problems of perception within the academic community pose a genuine risk to the scientists 4 
who engage in these types of projects: ‘The major current barrier may … be the career risks that these 5 
projects pose for their creators. In particular, videogames, which appear critical for recruiting scientifically 6 
engaged citizens, are generally viewed as incompatible with ‘serious’ or rigorous research.’ (Trueille and 7 
Das, 2014: 508) This suggests that producing or supporting citizen science games as a legitimate research 8 
platform could be punitively reacted to in some quarters, which could hinder the willingness of some to 9 
innovate in these areas. 10 

 11 
For another academic, he views the cynicism as fading as and when these games successfully make research 12 
discoveries: ‘I think initially there was some 'naysaying', but hopefully through some of the successes of 13 
[our game], as well as other games that involve the public in scientific research, that has changed.… 14 
Hopefully we are contributing to the view that gaming isn't wasteful and can be a legitimate way to do 15 
science.’ 16 
 17 

Another area of concern, which a few players interviewed raised, relates to ethical issues surrounding games 18 
of this sort. One concern related to players being encouraged to volunteer excessive hours in support of the 19 
project: ‘‘I recalling (sp) watching a … video with one of the researchers speaking, a while back. He was 20 
boasting about getting players to play for 24 hours in a row. And I thought to myself, this is irresponsible.’ 21 
(Player) And another added this thought: ‘Scientists are sometimes blind to the side effects [of excessive 22 
playing] as they often don’t play the game or follow chat.’ Being mindful to the ethics and dynamics of 23 
work in this type of maker dynamic may require further consideration or study into the expectations placed 24 
on players, even if unconscious.  25 

 26 

As with any new endeavour, particularly one that puts together scientists who may not ordinarily work with 27 
or manage large communities of volunteers with players who are clearly passionate about supporting their 28 
games, a great deal can be learned about what does and does not work. A good indication of this has been 29 
how these games continue to expand and grow, such as Foldit now developing Nanocraft and more recently 30 
EteRNA’s expansion into research involving tuberculosis. Not all games remain active, however, such as 31 
in the case of Fraxinus, which stopped collecting data in 2015. (Rallapalli et al, 2015)  32 

 33 

Probably one of the more exciting possibilities relate to where citizen science games could go and their 34 
potentially transformative impact on research and community building is in the recent adaptions and 35 
modifications made at the EteRNA game site. EteRNA’s origins as an RNA building game is seeing cross-36 
disciplinary applications beyond RNA alone. In 2016 it is launching an endeavour to support developing 37 
diagnostic kits for tuberculosis that can be used at home and in developing nations where access to 38 
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conventional diagnostic approaches are typically far more limited. (EteRNA, 2016) Scientists appear to not 1 
only have made improvements and are branching into a new area of research—that of optimising the 2 
EteRNA community to branch into an area where their puzzle solving potentialities are particularly useful 3 
by identifying RNA combinations that could help build a basic, home-use tuberculosis diagnostic kit aimed 4 
at the developing world—and aiming to build on not only what is well established by engaging with their 5 
most loyal and supportive gamers, but also by providing a key goal (or quest, if one wishes to use a game 6 
design-related term).  7 

 8 

Directly addressing the EteRNA players and prospective player in a promotional video uploaded on the 9 
game’s site, Rhiju Das, the project’s principal investigator, outlined the game’s new direction for players:  10 

To help us get ready to target tuberculosis we have made two major updates to the EteRNA project: first, 11 
veteran players and developers have created a new, beautiful set of puzzles so within a couple days of play 12 
you will not only understand the basics of RNA design, but the tools and feedback you’ll get; second, we’ve 13 
completely expanded the experimental throughput of EteRNA. Now, every month, if you can get us one 14 
million molecules, we can synthesize all of them and process them through the supercomputer and get them 15 
back to you. We hope that you’ll join us and if we succeed, your designs and your puzzle solving strategies 16 
will have an actual impact on the future of medicine. 17 

 18 

5.  Conclusion  19 

This exploration of the citizen science game—which brings together two very different groups to 20 
collaborate—highlights an innovative example of what making knowledge can look like in novel 21 
applications. It is already showing promising signs of being an effective tool. (Khitab et al, 2011) As with 22 
other areas impacted by videogames, crowdsourcing, and gamification, it appears that citizen science games 23 
demonstrate an emerging field which could have a potentially significant impact on other areas of academic 24 
research. While the player is critical to the success of a game of this nature, the engagement of the scientific 25 
team behind it is just as important.  26 
 27 
As Star and Griesemer noted in their work looking at early 20th century examples of citizen scientists and 28 
professional scientists collaborating emphasized, ‘Scientific work is heterogeneous, requiring many 29 
different actors and viewpoints. It also requires cooperation.’ (1989: 387) And it would seem that this 30 
cooperative element is what is critical to the success of these citizen science games. Sustained, regular 31 
contact between scientist and player; meaningful ways to make and develop contributions (as well 32 
enunciated through EteRNA’s commitment to not only update its game but engage closely with committed 33 
players); and even employing participatory methods going forward when designing a new game. All of 34 
these require consideration when developing games of this nature, particularly when so much is at stake for 35 
the scientists involved.  36 
 37 
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Another consideration worthy of further research is the fact that these games could represent a new type of 1 
research methodology, one which could be considered not only in relation to games for the physical 2 
sciences, but also in the social sciences or the humanities. Whilst this preliminary study suggests that 3 
communities can and do build around citizen science games in much the same way as commercial games, 4 
it is also clear that how these communities form are unique to the ‘citizen science’ aspect of the process and 5 
that this requires further study and consideration going forward. If, as Trueille and Das (2014: 507) note, 6 
‘creative scientists are what make science exciting and truthful’, then surely working closely with the 7 
intuitive, imaginative gamer can only support and promote these important areas of work going forward.  8 

 9 

Acknowledgements 10 

This preliminary study was completed during the summer of 2014 through the kind input of colleaguesand 11 
players who participated in informal online and email interviews and discussions with me about their 12 
experiences with a citizen science game. And finally, I wish to thank our editor, Kenneth Lim (National 13 
Institute of Education, Singapore), for not only championing the publication of this work, but also for 14 
facilitating and chairing our maker culture seminar at the 2014 Royal Geographic Society conference which 15 
brought all of us together around such an innovative and interesting topic.  16 

 17 

References 18 

Aarseth, E. (2001). Computer game studies: year one [editorial]. Game Studies, 1 (1). 19 
http://www.gamestudies.org/0101/editorial.html. Last accessed June 2, 2016. 20 

Ash, J. (2009) Emerging spatialities of the screen: videogames and the reconfiguration of spatial awareness. 21 
Environment and Planning A, 41, pp. 2105–124. 22 

Baker, D. (2014) ‘Protein folding, structure prediction and design’ Biochem. Soc. Trans. 42, pp. 225–229. 23 
Basak C, et al (2008) "Can training in a real-time strategy video game attenuate cognitive decline in older adults?" 24 

Psychol Aging, 2008. 25 
BBC. (2013) ‘Citizen science “harnesses power of public”’. http://www.bbc.co.uk/news/science-environment-26 

24532308. Last accessed June 2, 2016. 27 
Burke ,V., Beilin, L.J., Durkin, K., Stritzke, W.G., Houghton, S., and Cameron, C.A. (2006) Television, computer 28 

use, physical activity, diet and fatness in Australian adolescents. Int J Pediatr Obes, 1(4), pp. 248–55. 29 
Caillois, R. (1958). Man, Play and Games. Champaign/Urbana, Illinois: University of Illinois Press. 30 
Chan, P.A., and Rabinowitz, T. (2006) A cross-sectional analysis of video games and attention deficit hyperactivity 31 

disorder symptoms in adolescents. Annals of General Psychiatry. 5: 16. 32 
Clarke, CC (2013) Be the Change: Saving the World With Citizen Science. Amazon Publications. 33 
Cockshut, L (2012) The Way We Play: Exploring the specifics of formation, action and competition in digital 34 

gameplay among World of Warcraft raiders, Durham theses, Durham University. Available at Durham E-Theses 35 
Online: http://etheses.dur.ac.uk/5931/. Last accessed June 3, 2016. 36 

Cockshut, L. (2014) “Addictive online games make citizen science a hit”, August 18, 2014, The Conversation. 37 
https://theconversation.com/addictive-online-games-make-citizen-science-a-hit-30552. Last accessed June 2, 38 
2016. 39 



FINAL ACCEPTED CHAPTER DRAFT 1/12/16 

Chapter in Landscapes of Participatory Making, Modding and Hacking: Maker Culture and Makerspaces 

(Cambridge Scholars, April 2017) 
 

 

Cockshut: Making knowledge through the citizen science game      Page 20 

Cooper, S, Khatib, F, Treuille, A, Barbero, J, Lee, J, Beenen, M, Leaver-Fay, A, Baker, D, Popović, Z, & Foldit 1 
players (2010). ‘Predicting protein structures with a multiplayer online game’. Nature 446 p. 756-760, 05 August 2 
2010.  3 

Curtis, V. (2014) ‘Online Citizen Science Games: Opportunities for the Biological Sciences’ Applied & 4 
Translational Genomics. Volume 3, issue 4, December 2014, pp. 90-94. 5 

Deterding, S., D. Dixon, R. Khaled, and L. Nacke. (2011) “From game design elements to gamefulness: defining 6 
gamification”, In Proceedings of the 15th International Academic MindTrek Conference: Envisioning Future 7 
Media Environments, September 28-30, 2011, Tampere, Finland, ACM, pp. 9-15. 8 

Dickinson, JL and Bonney, R. (2012) Citizen Science: Public Participation in Environmental Research. Ithaca, NY: 9 
Cornell University Press.  10 

Eiben, CB,  Siegel, JB, Jacob B Bale, Seth Cooper, Firas Khatib, Betty W Shen, Foldit Players, Barry L Stoddard, 11 
Zoran Popovic & David Baker. (2012) Increased Diels-Alderase activity through backbone remodeling guided 12 
by Foldit players. Nature Biotechnology. 30,190–192. 13 

Electronic Software Association. (2016) ‘Essential Facts About the Computer and Video Game Industry’. 14 
http://essentialfacts.theesa.com/Essential-Facts-2016.pdf. Last accessed June 2, 2016. 15 

Ferguson, C.J. (2010) Blazing Angels or Resident Evil? Can Violent Video Games Be a Force for Good? Review of 16 
General Psychology, Vol. 14, No. 2, pp. 68–81. 17 

Ferguson, C.J., and Dyck, D. (2012) Paradigm change in aggression research: The time has come to retire the General 18 
Aggression Model, Aggression and Violent Behavior, Vol. 17, No. 3, pp. 220–228. 19 

Fields, D.A. and Kafai, Y.B. (2010) Knowing and Throwing Mudballs, Hearts, Pies, and Flowers: A Connective 20 
Ethnography of Gaming Practices. Games and Culture, 5: 1, pp. 88–115. 21 

Fromme, J. (2011) Computer Games as a Part of Children's Culture. in Game Studies, Volume 3, issue 1. 22 
Galloway, A. (2004) ‘Social Realism in Gaming. Game Studies, Volume 4, issue 1. 23 
Galloway, A. (2006). Gaming: Essays on Algorithmic Culture. Minneapolis: University of Minnesota Press. 24 
Galloway, A. (2012). The Interface Effect. Cambridge: Polity Press. 25 
Gill, V. (2016) ‘Penguin Watch: Public asked to aid Antarctic research’ BBC News. 7 April 2016. 26 

http://www.bbc.co.uk/news/science-environment-35981212. Last accessed June 2, 2016. 27 
Good and Su. (2013) ‘Crowdsourcing for bioinformatics’, Bioinformatics (2013): 29 (16): 1925-1933) 28 
Gross, D. (2012) ‘Turning gamers into citizen scientists’ CNN Gaming Reality, August 2012. 29 

http://edition.cnn.com/interactive/2012/08/tech/gaming.series/research.html. Last accessed June 4, 2016. 30 
Griffiths M.D. (1998) Violent video games and aggression: a review of the literature. Aggression and Violent 31 

Behavior, 4, pp. 202–213. 32 
Griffiths, M (2002) The educational benefits of videogames. Education and Health, Vol. 20, No.3, pp. 47–51. 33 
Hamari, J., Koivisto, J. & Sarsa, H., 2014. Does gamification work? - A literature review of empirical studies on 34 

gamification. In Proceedings of the Annual Hawaii International Conference on System Sciences. IEEE 35 
Computer Society, pp. 3025-3034. 36 

Hine, C. (2000) Virtual Ethnography. London: Sage. 37 
Huizinga, J. (1938). Homo Ludens: Study of the Play Element in Culture. London: Routledge. (Originally published 38 

in German.) 39 
Irwin, A. (1995) Citizen Science: A Study of People, Expertise and Sustainable Development. London: Routledge. 40 
Jaruratanasirikul, S., Wongwaitaweewong, K., and Sangsupawanich, P. (2009) Electronic Game Play and School 41 

Performance of Adolescents in Southern Thailand. CyberPsychology & Behavior, Volume 12, Number 5. 42 
Jørgensen, K. (2010) Game Characters as Narrative Devices. A Comparative Analysis of Dragon Age: Origins and 43 

Mass Effect 2. Eludamos. Journal for Computer Game Culture. 4 (2), pp. 315–331. 44 



FINAL ACCEPTED CHAPTER DRAFT 1/12/16 

Chapter in Landscapes of Participatory Making, Modding and Hacking: Maker Culture and Makerspaces 

(Cambridge Scholars, April 2017) 
 

 

Cockshut: Making knowledge through the citizen science game      Page 21 

Józsa, G. I. G.; Garrett, M. A.; Oosterloo, T. A.; Rampadarath, H.; Paragi, Z.; van Arkel, H.; Lintott, C.; Keel, W. C.; 1 
Schawinski, K.; Edmondson, E. 'Revealing Hanny's Voorwerp: radio observations of IC 2497' Astronomy and 2 
Astrophysics, Volume 500, Issue 2, 2009, pp.L33-L36 3 

Juul, J. (2005) Half-Real: Video Games between Real Rules and Fictional Worlds. Cambridge, MA: MIT Press. 4 
Khandaker, M. (2009) Designing affective video games to support the social emotional development of teenagers with 5 

autism spectrum disorders. Stud Health Technol Inform. 144: pp. 37–39. 6 
Khatib, F., DiMaio, F., Foldit Contenders Group, Foldit Void Crushers Group, Seth Cooper, Maciej Kazmierczyk, 7 

Miroslaw Gilski, Szymon Krzywda, Helena Zabranska, Iva Pichova, James Thompson, Mariusz Jaskolski, David 8 
Baker (2011). Crystal structure of a monomeric retroviral protease solved by protein folding game players. 9 
Nature Structural and Molecular Biology 18, 1175-1177. 10 

King, D., Delfabbro, P., & Griffiths, M. (2009) The Psychological Study of Video Game Players: Methodological 11 
Challenges and Practical Advice. Int J Ment Health Addiction. 7: pp. 555–562. 12 

Koernier, B. (2012) ‘New Videogame Lets Amateur Researchers Mess With RNA, Wired, July 5, 2012. 13 
http://www.wired.com/2012/07/ff_rnagame/. Last accessed June 3, 2016. 14 

Lee, R.M., Fielding, N., and Blank, G. (2008) ‘The Internet as a Research Medium’ in Fielding, N. (ed.) The Sage 15 
Handbook of Online Research Methods. London: Sage, pp. 3–20. 16 

Lim, K Y T. (2009) The six learnings of Second Life: A framework for designing curricular interventions in-world. 17 
Journal of Virtual World Research. Vol 2, No 1. 18 

Markham, A. (1998) Life Online: Researching Real Experience in Virtual Space. Walnut Creek, CA: AltaMira Press. 19 
Markham, A. (2009) How can qualitative researchers produce work that is meaningful across time, space, and culture? 20 

In Markham, A., and Baym, N., eds., Internet inquiry: dialogue among scholars. Thousand Oaks, CA: Sage. 21 
Olson, C.K. (2010) Children’s Motivations for Video Game Play in the Context of Normal Development. Review of 22 

General Psychology. Vol. 14, No. 2, pp. 180–187. 23 
Oskin, B. (2012) ‘Teens and Video Games: How Much Is Too Much?’ LiveScience. 24 

http://www.livescience.com/22281-teens-video-games-health-risks.html. Last accessed June 2, 2016. 25 
Prensky, M. (2001). Digital game-based learning. New York: McGraw-Hill. 26 
Prensky, M. (2005). Computer games and learning: digital game-based learning. In J. Raessens & J. Goldstein (Eds.), 27 

Handbook of computer game studies. Cambridge: MIT Press. 28 
Rallapalli, G., Fraxinus Players, Saunders, DGO, Yoshida, K., Edwards, A. Lugo, CA, Collin, S, Clavijo, B., 29 

Corpas, M, Swarbreck, D, Clark, M, Downie, JA, Kamoun, S, Team Cooper, MacLean, D. (2015) ‘Cutting 30 
Edge: Lessons from Fraxinus, a crowd-sourced citizen science game in genomics’. eLife 2015;4:e07460. 31 
https://elifesciences.org/content/4/e07460/article-info. Last accessed June 4, 2016. 32 

Raudenbusch, B. (2003). Study Suggests Link Between Video Games and Pain Relief. Wheeling Jesuit University 33 
News Release. (April 2003) http://www.wju.edu/about/adm_news_story.asp?iNewsID=769&strBack=% 34 
2Fabout%2Fadm_news_archive.asp. 35 

Reiners, T and Wood, LC (2014) Gamification in Education and Business. Heidelberg: Springer.  36 
Ross, S. (1962) ‘Scientist: The story of a word,’ Annals of Science, 18:2, 65-85. 37 
Rüegg, Walter. (2004) A History of the University in Europe: Volume 3, Universities in the Nineteenth and Early 38 

Twentieth Centuries (1800–1945). Cambridge University Press. 39 
Salen, K. and Zimmerman, E. (2003) Rules of Play: Game Design Fundamentals. Cambridge: The MIT Press. 40 
Sim, T., Gentile, D.A., Bricolo, F., Serpelloni, G., and Gulamoydeen, F. (2012) A Conceptual Review of Research on 41 

the Pathological Use of Computers, Video Games, and the Internet. International Journal of Mental Health 42 
Addiction, January 2012. 43 

Smith, Peter, ed. (1984) Play in Animals and Humans. Oxford: Blackwell. 44 



FINAL ACCEPTED CHAPTER DRAFT 1/12/16 

Chapter in Landscapes of Participatory Making, Modding and Hacking: Maker Culture and Makerspaces 

(Cambridge Scholars, April 2017) 
 

 

Cockshut: Making knowledge through the citizen science game      Page 22 

Star, S.L., and Griesemer, J.R. (1989) Institutional Ecology, ‘“Translations” and Boundary Objects: Amateurs and 1 
Professionals in Berkeley's Museum of Vertebrate Zoology, 1907-39’ Social Studies of Science, August 2 
1989, vol. 19: pp. 387-420. 3 

Subrahmanyam K., and Greenfield, P., (1994) Effect of video game practice on spatial skills in girls and boys. Journal 4 
of Applied Developmental Psychology. 15, pp. 13–32. 5 

Sullivan, B. (etc) 2009. eBird: A citizen-based bird observation network in the biological sciences’ Biological 6 
Conservation. 142: 2282-2292. 7 

Surendeleg, G. et al., 2014. The role of gamification in education–a literature review. Contemporary Engineering 8 
Sciences, 7(29-32), p.1609-1616.  9 

Sutton-Smith, B. (1986) Toys as Culture. New York: Gardner. 10 
Sutton-Smith, B. (1997). The Ambiguity of Play. Cambridge, Mass.: Harvard University Press. 11 
Tanaka, J.W., Wolf J.M., Klaiman C, Koenig K, Cockburn J, Herlihy L, Brown C, Stahl S, Kaiser MD, Schultz RT. 12 

(2010) Using computerized games to teach face recognition skills to children with autism spectrum disorder: the 13 
Let's Face It! program. J Child Psychol Psychiatry, 51: 8, pp. 944–52. 14 

Taylor, T.L. (2006) Play Between Worlds: Exploring Online Game Culture. Cambridge, MA: MIT Press. 15 
Trueille, A. and Das, R. (2014) ‘Scientific rigour through videogames’. Trends in Biochemical Sciences. Vol. 39, 16 

issue 11. November 2014, pp. 507-509. 17 
von Ahn, L* Maurer, B., McMillen, C, Abraham, D, Blum, M. (2008) ‘reCAPTCHA: Human-Based Character: 18 

Recognition via Web Security Measures’ Science, VOL 321 12 SEPTEMBER 2008, pp. 1465-1468 19 
von Ahn L., and Dabbish, L. (2008) ‘Designing games with a purpose’ Communications of the ACM. August 2008, 20 

vol. 51, no. 8. Pp. 58-68. 21 
Whitlock, L.A., Collins McLaughlin A., and Allaire, J.C. (2012) Individual differences in response to cognitive 22 

training: Using a multi-modal, attentionally demanding game-based intervention for older adults. Computers in 23 
Human Behavior, Volume 28, Issue 4, pp. 1091–1096. 24 

Wood, R.T.A. (2008) Problems with the Concept of Video Game “Addiction”: Some Case Study Examples. 25 
International Journal of Mental Health Addiction, 6: pp. 169–178. 26 

 27 
 28 
Web sites and games referenced 29 
 30 
Audubon BirdCount (http://www.audubon.org/conservation/science/christmas-bird-count) 31 
Call of Duty (Activision/Aspyr Media, 2003) 32 
Civilization (Microprose, 1991) 33 
EteRNA (http://www.eternagame.org/web/) 34 
Fallout 4 (Bethesda Softworks, 2015) 35 
Foldit (http://fold.it/portal/) 36 
Fraxinus (https://www.facebook.com/fraxinusgame) 37 
PenguinWatch (https://www.penguinwatch.org/?_ga=1.82446302.970630001.1464787366#/) 38 
World of Warcraft (Blizzard Entertainment, 2004) 39 
Zooniverse (https://www.zooniverse.org/) 40 
 41 


	New areas of research into the serious or educational game, including more recently the citizen science game, has brought to the fore an interest in and attention to the use of gaming concepts and ideas in a non-traditional, non-commercially oriented ...
	Gill, V. (2016) ‘Penguin Watch: Public asked to aid Antarctic research’ BBC News. 7 April 2016. http://www.bbc.co.uk/news/science-environment-35981212. Last accessed June 2, 2016.
	Reiners, T and Wood, LC (2014) Gamification in Education and Business. Heidelberg: Springer.

