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ABSTRACT

FACULTY OF PHYSICAL SCIENCES AND ENGINEERING

Thesis for the degree of Doctor of Philosophy

SOCIALITY, COMMUNITY AND PRODUCTIVITY IN VIRTUAL

CITIZEN SCIENCE

Neal Reeves

Virtual Citizen Science describes web-based crowdsourcing activities which recruit

volunteers to complete microtasks for scientific research. VCS methodologies have

been applied to diverse research challenges, from identifying neurons in MRI-scan

images of the optic nerve, to morphologically classifying images of galaxies. Initiat-

ives generally rely on participants’ intrinsic motivations to encourage contributions,

but increasingly designers are turning to additional mechanisms – including the use

of online community features and discussion platforms such as forums. However,

the influence of these features on participant engagement are still poorly under-

stood. Drawing on a pragmatist, mixed-methods approach, this thesis explores

the relationship between these social features within task and discussion elements

of projects, to understand the influence of such features on volunteer productivity

and project efficiency. A literature review of five transdisciplinary databases was

conducted to identify design principles, motivations and social features associated

with VCS approaches. This was then followed with a review of 48 VCS projects,

to better understand the online community features within current VCS initiatives.

To understand and clarify these findings, interviews were conducted with six mem-

bers of the EyeWire project design team. Analysis of competitions in EyeWire

demonstrated a relationship between task sociality and increased productivity and

activity within the project. Finally, an analysis of two high-pressure VCS projects

explores how periods of heavy productivity affect discussion activity. This research

contributes to the understanding of motivational factors and design affordances

within Virtual Citizen Science and similar crowdsourcing initiatives.
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Chapter 1

Introduction

Modern technologies pose significant challenges to traditional scientific work-

flows. In an age characterised as the “age of big data”, businesses and govern-

mental organisations generate and store far larger volumes of data than ever

before (Tene and Polonetsky, 2012). This is equally true of the tools and techno-

logies used in modern scientific endeavours: from the Sloan Digital Sky Survey

which produces hundreds of thousands of images annually of astrophysical phe-

nomena in space, to the Large Hadron Collider which generates 60 terabytes

of data every day (Bryant et al., 2008; Lintott et al., 2008). Existing tools and

methods for analysing such large volumes of data for scientific research pur-

poses are often insufficient, being too inaccurate and requiring more time and

resources than are available to the small teams of scientists traditionally re-

sponsible for such analysis processes (Lintott et al., 2008).

One proposed solution to this issue is Citizen Science (CS), which comprises

the recruitment of volunteer ‘citizen scientists’ to assist with gathering or ana-

lysing data in scientific research. The involvement of volunteer non-professionals

in science is not a recent phenomenon; until the nineteenth century, the major-

ity of research was conducted by non-professionals (Miller-Rushing et al., 2012).

These early citizen scientists collected and analysed scientific data as a hobby,

while pursuing other forms of employment (Silvertown, 2009). Over time, and

as research became the prevail of trained experts, opportunities for volunteer in-

volvement in scientific research persisted, predominantly through volunteers in-

teracting with scientists in small-scale, localised projects (Catlin-Groves, 2012).

With the advent of the World Wide Web and the uptake of approaches such as

open science and crowdsourcing, projects have increasingly allowed volunteers to
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use online tools to engage in professional research on a much larger scale (Bon-

ney et al., 2009; Kobori et al., 2016). These Virtual Citizen Science projects

– CS activities conducted over the web (Wiggins and Crowston, 2011) – com-

monly divide large scientific research goals into smaller individual microtasks

to be completed amongst communities numbering tens or hundreds of thou-

sands of volunteers (Tinati et al., 2015b). Each volunteer can contribute a small

part of the scientific research puzzle by completing individual and repeatable

microtasks (Tinati et al., 2015b). Indeed, these projects have often been de-

scribed as being synonymous with ‘crowdsourced science’ (Johnston et al., 2017;

Wiggins and Crowston, 2011).

To support volunteers in completing microtasks, projects are increasingly

implementing discussion platforms such as message board forums to facilitate

task completion and provide opportunities for interaction between volunteers,

project scientists and administrators (Jennett et al., 2013). However, sources

in the wider literature are contradictory with regard to the nature of Citizen

Science as a social, community-based activity. Johnston et al. (2017) describe

amateur participation in science as having been “liberated by electronic media”,

both in terms of opportunities for access to scientific activity and for discussion

and organisation around these topics. Nonetheless, the authors also describe

CS projects as strongly scientist-led, with restrictions which prevent volunteers

from accessing data and interacting with one another, requiring the use of ex-

ternal social media platforms (Johnston et al., 2017). Conversely, while Wiggins

and Crowston (2011) agree that projects are scientist-led, their definition of Cit-

izen Science details the common use of social elements such as competition and

collaboration.

Other definitions of CS indicate a more diverse field. In Haklay’s typology,

projects range between highly restrictive volunteer computing projects, where

participants offer computing power or sensor data, to ‘extreme’ Citizen Science,

where participants are a fundamental part of the entire scientific process (Hak-

lay, 2013). The importance assigned to community interaction varies between

platforms and projects; Tinati et al. (2015b) summarise the views of the Zoon-

iverse design team, who prioritise interaction and communication as essential

parts of Citizen Science workflows. Yet, when also discussing Zooniverse, Mugar

et al. (2014) describe that the scientific value which may arise from limiting

community interaction includes ensuring the potential accuracy of submissions.

There has been a rapid expansion in the number and variety of Citizen Sci-
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ence projects in recent years, fuelled in part by the adoption of new technologies

by scientists and volunteers alike (Catlin-Groves, 2012; Kullenberg and Kas-

perowski, 2016). Virtual Citizen Science (VCS) is no exception, with efforts

such as the Zooniverse’s Panoptes service now allowing anyone to launch a

VCS project (Bowyer et al., 2015; Kosmala et al., 2016). Moreover, sources of

funding for scientific research have been stretched increasingly thin and Cit-

izen Science has been proposed by some as a potential solution to this due to

its efficiency (Sparks et al., 2015). However, the funds made available for CS

research are not always compatible with the variety of skills required to effect-

ively run a project for any significant period of time, nor the range of additional

activities required of CS initiatives, such as the need for outreach and dissem-

ination (Haklay, 2015; Freitag and Pfeffer, 2013). In some cases, projects may

have no funding at all (Catlin-Groves, 2012). This in turn puts pressure on VCS

projects to boost and maximise productivity to make the best use of the lim-

ited funds available (Celino et al., 2018). Yet the push for efficiency requires

an understanding of the complex motivational factors and influence of various

affordances on volunteer activity (Lintott and Reed, 2013). It is perhaps un-

surprising, then, that improving the efficiency of VCS projects is a key area of

current research (Tinati et al., 2015a).

In light of these concerns, the decision to introduce and promote the use

of discussion and community activities in VCS projects may seem counter-

intuitive; these activities lead to volunteers spending valuable time engaging

in activities other than classification and contribution (Tinati et al., 2015a).

Moreover, community activities must be moderated and time must be spent

responding to questions and queries; this was an issue which the introduction of

discussion forums to Galaxy Zoo was in fact originally intended to circumvent

(Tinati et al., 2015b). But is it correct to think of a task and discussion dicho-

tomy? Is there a relationship between discussion activity and task completion,

productivity and overall efficiency? If the view of VCS presented by Mugar et al.

(2014) is accurate, should VCS even be considered a social activity? This thesis

will approach these issues with an interdisciplinary, mixed-methods Web Science

approach. Drawing on a transdisciplinary review of contemporary peer-reviewed

literature, interviews with project designers and administrators and analysis

of data from VCS projects, I will explore the relationship between community

interaction and VCS contributions.
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1.1 Research Questions

The aim of this thesis is to explore the nature of sociality and social interaction

in Virtual Citizen Science and how social activity relates to task productivity,

as well as to consider VCS projects as examples of online communities. The

overarching research question of this thesis is therefore as follows:

What is the relationship between task activity and social activity

within Virtual Citizen Science?

However, such a question alone would be insufficient to accurately and fully

explore any potential relationship between social and task activity. The form

that social features take in VCS is unclear and, as demonstrated above, there

is some ambiguity in the classifications of VCS as a social- or individual-driven

process. Moreover, with the rapid expansion of Citizen Science generally and

VCS specifically in recent years, it is possible and even probable that the core

characteristics and features of VCS have shifted. As a result, the overall re-

search question has been broken down into three smaller research questions, one

of which has been broken down further into two complimentary sub-questions:

1. How is Virtual Citizen Science understood and realised today?

Before discussing any relationship within Virtual Citizen Science, it is

first essential to outline what VCS actually entails, particularly in the

light of the recent growth within the field and the adoption of new tools

and technologies. This question aims to understand the characteristics

and processes involved in VCS projects, the associated design features

and challenges within VCS initiatives and the characteristics of volunteer

engagement. The results and outcomes of this question will inform the

methods and data used in subsequent questions, such that the focus of

this thesis is to be on Virtual Citizen Science in its current form, rather

than considering outdated or irrelevant projects and concepts.

2. What online community tools and features are present in Virtual Citizen

Science projects?

Given the ambiguity and contradictions identified above in terms of the so-

cial features and role of the community, it is necessary to supplement the

understanding of VCS achieved through question 1 with an understanding

of the associated tools and features and how these allow volunteers to view
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and interact with the wider community. This question seeks to outline

the online community features that are involved in VCS projects, particu-

larly within task elements and interfaces. What features are available to

participants and what role do these play within projects?

3. How do task-based social events influence task completion in VCS pro-

jects?

Virtual Citizen Science activities can broadly be understood in terms of

two distinct, yet interrelated element. The first of these two elements con-

cerns the crowdsourced microtask assigned to participants and by exten-

sion the features associated with that element – for example, gamified ele-

ments, tutorials, rewards and feedback. This question seeks to understand

what – if anything – are the effects of social events such as competitions

attached to this task-based element on the productivity of individuals and

overall task completion in VCS projects.

4. To what extent is engagement in discussion associated with increased en-

gagement in task completion? If task-based activities and features repres-

ent one core element of VCS projects, then discussion and social features

represent the other. The aim of this question is volunteers who make the

(purely voluntary) decision to engage with these discussion opportunities

tend to complete more tasks than those volunteers who don’t. The formu-

lation of this question is informed in part by the the overarching research

question, but also from the findings of questions 1-4.

1.2 Research Contributions

In researching the research questions stated in the previous section, this thesis

makes five core contributions:

1. Carry out and present the findings of a large-scale literature review centred

on Virtual Citizen Science, drawn from a transdisciplinary set of sources.

Chapter 4 presents findings from a literature review drawn from five data-

bases. I identify a framework of motivational factors and affordances asso-

ciated with volunteer participation in VCS activities, with a focus on both

talk and task elements.
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2. Develop a theoretical framework of four themes and guidelines for online

community design.

Based on online communities literature, in chapter 5 I develop an evidence-

based framework of themes and guidelines associated with productivity in

online communities, which I use to explore and evaluate the design fea-

tures present in a number of VCS projects.

3. Identify the role played by sociality in influencing the design of a VCS

project.

Drawing on phenomenological interviews with six members of the EyeWire

CS project team, chapter 6 explores the factors leading to the decision to

introduce sociality and social features, both in terms of the EyeWire task

and in terms of the live-chat, forum and Wiki services associated with the

project.

4. Identify the impact of adding sociality to a Virtual Citizen Science task.

Using evidence from the EyeWire project and supported by findings from

chapter 6, chapter 7 explores the impact of adding social competition

activities to VCS tasks, using hypothesis testing and effect sizes to identify

what effect the addition of sociality has on productivity and participant

numbers.

5. Identify the interaction between talk and task in two high-pressure VCS

projects.

Chapter 8 explores the relationship between talk and task activity over

time and across participants in two high-pressure projects designed to run

for approximately 48 hours (a relatively new and uncommon format for a

VCS project to take).

1.3 Research Scope and Generalisability of Find-

ings

Citizen Science is a diverse and growing field and this is no less true for Virtual

Citizen Science as a subset of this field. The aim of this thesis is to – where

possible – consider the impact of sociality and social features on productivity

across VCS projects and within VCS approaches. Nevertheless, it is import-

ant to define the scope of this research. There is no single repository or source
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from which individual VCS projects can be identified and there remain areas

of disagreement as to the characteristics and nature of VCS as distinct from

other, similar citizen science initiatives. For example, there remains debate

about whether volunteer computing should be considered an example of Cit-

izen Science activity; compare, for example, Haklay (2013) and Wiggins and

Crowston (2012). Similarly, Kullenberg and Kasperowski (2016) identified 490

citizen science projects through the Web of Science platform and yet few, if any,

of these projects correspond to the criteria that generally define a VCS project

(see chapter 4 for more details.)

Given these factors, it would be infeasible as part of this thesis to consider

every possible Virtual Citizen Science project. Moreover, any such analysis may

well quickly become outdated as new projects are launched and old projects are

retired. Instead, I will ensure generalisability through two strategic processes.

The first of these is to use a more large-scale overview of the VCS field through

the literature and project review processes discussed in chapters 4 and 5. This

process involves accounting for a diverse variety of projects to identify com-

monalities and points of departure in the implementation and understanding of

VCS and to define common principles which inform the findings of subsequent

chapters. This large-scale overview, then, accounts for the state of the VCS

field at the time this thesis was written and informs the selection of projects

to be selected for further analysis later. In turn, the findings of the literature

and project review process allow for the identification of features and charac-

teristics that are typical of VCS projects and generalisability will thus further

be enforced by selecting projects that adhere to these findings and which accur-

ately represent the wider VCS landscape for use throughout the interview and

data analysis processes. Specific findings relating to these issues are discussed in

more detail in chapters 2 and 3 and a further clarification regarding the scope

of this thesis is offered in chapter 4. Nevertheless, a typical VCS project can be

briefly summarised as one that relies predominantly on altruistic motivations

and volunteer effort from those with high levels of intrinsic motivations, with

the potential for virtual – but generally not tangible – rewards, which assigns

microtask crowdsourcing activities to volunteers for completion and which oth-

erwise offers low levels of autonomy. VCS projects largely belong to one of two

main groups – gamified projects or ‘Games With A Purpose’, which use game

elements or game-like activities to encourage task completion and non-gamified

projects in which the task itself is its own reward, with few extrinsically motiv-
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ating features. Throughout this thesis, I will – wherever possible – consider the

differences between these project types and their associated features and design

decisions.

1.4 Structure

The remainder of this thesis is set out as follows:

� Chapter 2 presents Citizen Science in more detail, identifying key typolo-

gies and categories that have been applied to this field and conceptualises

and differentiates VCS from other related initiatives. In addition, theories

and concepts which underpin the methodological processes and analyses

conducted throughout this thesis are presented in detail, with reference to

related work from the literature where necessary.

� Chapter 3 details the methodological approach followed in chapters 4 to

8. The philosophical paradigm of pragmatism is discussed and the mixed

methods approach is explained, as well as the data collection processes

followed throughout each additional chapter. Moreover, the specific qual-

itative and quantitative methods and methodological concepts for this

research are selected, discussed and justified in the context of the charac-

teristics of the collected data.

� Chapter 4 presents a systematic review of VCS literature across three

themes: design challenges and solutions, participant motivation and en-

gagement, and sociality and interaction.

� Drawing on the results of the systematic literature review and additional

online communities literature, chapter 5 explores the inclusion of online

community features in VCS platforms. Drawing on a survey of 48 VCS

projects, I explore four themes identified from the literature as key to

motivating participation: task visibility, goals and challenges, feedback

and rewards.

� To contextualise and further explore the findings of the project review,

chapter 6 presents the results of phenomenological interviews with six

members of the EyeWire CS project team. These interviews explore the

reasons for introducing specific social features to VCS, as well as present
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anecdotal evidence and observations regarding the effectiveness of particu-

lar project characteristics.

� Chapter 7 presents statistical analysis and hypothesis tests exploring and

quantifying the effectiveness of competitions which introduce a level of

sociality into the EyeWire project task.

� Chapter 8 presents an analysis of the relationship between task completion

and sociality within two short-term, high pressure projects, conducted

over the course of five days and three days respectively.

� Finally, chapter 9 synthesises and summarise the findings, arguments and

issues raised within the previous chapters, drawing conclusions and identi-

fying limitations and areas for future research.





Chapter 2

Background

This chapter describes several important concepts for this research, beginning

with an outline of Citizen Science as a field and highlighting the characterist-

ics that distinguish Virtual Citizen Science from other, more traditional forms.

This is followed by an explanation of central concepts which will be discussed

or considered elsewhere in this thesis, namely online communities, gamifica-

tion and crowdsourcing. Finally, three central sociological and psychological

concepts with importance for human computation and human computer interac-

tion are presented, specifically collective action, distributed cognition and social

machines.

2.1 Citizen Science

Citizen Science (CS) describes the engagement of volunteers in professional

research, either in collaboration with or on behalf of professional researchers

(Bonney et al., 2009). The term volunteer here refers to any individual who

engages with the project and contributes their effort without being paid. Gen-

erally speaking, there is a distinction between project scientists (who may also

be unpaid volunteers, particularly in the case of PhD students or interns) and

the project participants who are volunteers or citizens (Eitzel et al., 2017). Non-

etheless, volunteers correspond to different stakeholder groups – from indigenous

or local groups to uninvested observers – and have different levels of involve-

ment, contributing money, materials, data or time (Eitzel et al., 2017). These

volunteers also possess variable levels of knowledge about the scientific domain

to which they contribute, but a common feature of CS is that projects lever-

age – and participants contribute – participant expertise (Eitzel et al., 2017;
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Irwin, 2015). In the simplest sense, the term volunteers can here be understood

to describe anyone who is “not affiliated with credentialed academic/research

institutions” (Kimura and Kinchy, 2016).

In spite of the term Citizen Science, such activities do not necessarily de-

scribe or require the completion of scientific research as a primary goal (Sil-

vertown, 2009). Citizen Science projects have a strong potential for educat-

ing participants in scientific techniques and concepts and are therefore used in

both field and classroom settings (Kloetzer et al., 2014; Kridelbaugh, 2016).

Moreover, CS is a highly diverse field, with distinct sub-types that – while

arguably of benefit to scientific research – do not necessarily entail the gath-

ering of data for publication or associated research applications. While CS

is not the only form of volunteer involvement in scientific activities, it is dis-

tinct in that the number of participants, the geographic spread of data sources

and the quantity of data involved are all significantly higher within CS (Wynn,

2017). This is particularly the case in technology-enabled forms of CS, which

are “unique,” due to their exploitation of “widespread computing resources”

and the Web “which connects them” (Wynn, 2017).

In fact, research-oriented CS activities describe a minority of the CS field as

a whole. In a meta-analysis completed by Kullenberg and Kasperowski (2016),

which analysed 2,568 CS-related publications and identified 490 CS projects

drawn from the Web of Science database, just 16% of projects stated specific

scientific research goals. A likely contributing factor to this disparity is the slow

rate of data publication associated with CS project. Formal publication of data

and findings often occurs long after the completion of the data gathering or ana-

lysis process and the retirement of projects, if indeed such data are published at

all (Theobald et al., 2015).

To illustrate and classify the diverse forms of CS, Wiggins and Crowston

(2011) divide CS projects and initiatives into a framework of five types, distin-

guished through a combination of factors including task type, location, project

aim and the nature of the roles of project administrators and volunteers. In

actuality, only three of these sub-types have explicit scientific applications, of

which only two have scientific research and publication as their end goal:

� Action: Citizen-led interventions based on local environmental issues.

Overall aim concerns a localised, tangible community issue such as monit-

oring and improving local water quality.
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� Conservation: Scientist-led projects aiming to encourage awareness and

stewardship of natural resources.

� Education: Scientist-led or educator-led projects where education and

outreach are the primary, rather than secondary, goals.

� Investigation: Scientist-led projects requiring data collection from a

physical environment, at a local, national or international level.

� Virtual: Scientist-led projects where all project activities are entirely

conducted virtually, independent of the physical environment.

Where projects do involve engagement in scientific research, the nature and

extent of this engagement is also highly variable. Although the specific tasks

and activities involved in any given project are highly context- and project-

dependent, initiatives can be broadly categorised according to the stages of the

scientific research process in which volunteers engage and the level of freedom

they have to do so (Haklay, 2013; Wiggins and Crowston, 2012):

1. Citizen Sensing and Volunteered Computing: Participant engage-

ment is momentary and autonomy is low. Participants install a sensor or

software on a smartphone or computer, through which data is gathered

and have little engagement with project activities beyond this.

2. Distributed Intelligence/Contributory: Participants carry out simple

interpreting, analytical or data gathering tasks. May involve dissemination

of findings.

3. Participatory Science: Participants contribute to the definition of the

research problem or question and carry out more complex data collection

and analysis tasks than in citizen sensing/distributed intelligence initiat-

ives.

4. Collaborative: Volunteers engage in data collection, analysis and po-

tentially study design, interpretation, draw conclusions and disseminate

results.

5. Extreme Citizen Science/Co-created Citizen Science: Volunteers

engage in all stages of the scientific process. Unlike other stages, which are

scientist-led, extreme Citizen Science projects either entail collaboration
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between scientists and volunteers or may be led by individual volunteers

or communal efforts.

This typology assumes that participant engagement does not expand – that

is, a contributory or distributed intelligence project may allow participants to

disseminate findings, but there is no realistic opportunity or possibility that en-

gagement will expand to other stages. Extreme or Co-Created Citizen Science

projects are rare at the time of writing this thesis; when conducting a literature

review on the topic of Virtual Citizen Science, no evidence was found of any

project which could be described in such terms1 and neither Haklay (2013) nor

Wiggins and Crowston (2012) offer examples of specific projects that may cor-

respond to these categories. In contrast, while citizen sensing and volunteered

computing projects are common (Catlin-Groves, 2012), there is some debate

about whether these should be considered CS initiatives. Notably, Wiggins

and Crowston (2012) do not include such initiatives in their typology, which

defines contributory CS as active engagement in the data gathering or analytical

process, rather than a passive process driven by the installation of software. A

similar distinction is made by Eitzel et al. (2017), who discuss an active and

conscious process, where volunteers actively and knowingly contribute data or

resources to a scientific endeavour, for scientific research purposes.

A more cross-cutting, if simple, definition framework is described by Tinati

et al. (2015b), who divide projects into one of three high level categories based

on the main activities in which participants engage: data collection, data ana-

lysis and problem solving. While problem solving is implied to be a separate

process or task type, it also underpins data collection and data analysis initiat-

ives2. Additionally, the terms data collection and data analysis have a different

meanings to those of the typologies of Haklay (2013) and Wiggins and Crowston

(2011, 2012). Tinati et al. use data collection to explicitly refer to the active

collection of data records or specimens – for example, a species observation re-

cord or soil sample – and data analysis to refer to the generation of digital data

(known as metadata) to categorise, define or give additional details on a digital

asset such as an image, video or text file. Strictly speaking, both of these pro-

cesses would be described as data gathering by both Haklay and Wiggins and

Crowston, but data collection projects would be investigative, while data ana-

1See chapter 4 for an in-depth discussion of VCS literature.
2Problem solving is often part of data collection and data analysis initiatives; see, for

example, Curtis (2014) and Lintott et al. (2008)
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lysis projects would be virtual according to the typology defined by Wiggins

and Crowston (2011).

Data collection tasks require citizens to gather data or materials such as

images to enable scientific research, and cover tasks such as observation, meas-

urement and sample collection (Wiggins and Crowston, 2012). Unlike in more

traditional CS approaches, volunteers receive training through technology-

mediated methods, such as tutorials, videos or technology-mediated commu-

nication with professional scientists or peers, either in addition to or in place of

face-to-face training (Catlin-Groves, 2012; Starr et al., 2014). Data collection

may include the submission of photos, recordings, textual reports, GPS data,

the use of specially designed apps or the completion of surveys, among other

tasks. Due to the nature of data collection projects, volunteers generally carry

out offline tasks in real-world locations, before using web-based technology to

submit data (Wiggins and Crowston, 2011).

The VCS project eBird is an example of a data collection project. Launched

in 2002, eBird is one of the largest VCS projects (Yu et al., 2010), with over

500,000 volunteers (Price and Dorcas, 2011). eBird leverages the hobby of am-

ateur birdwatchers, encouraging volunteers to submit their observations to an

online database and, in doing so, aid scientific research (Wood et al., 2011; Yu

et al., 2010). Volunteers within eBird contribute vast amounts of data, with 1.5

million contributions from within North America in 2010 (Yu et al., 2010), with

92,000 observations submitted each day (O’Donnell and Durso, 2014). After

an initial focus on North America, the project has grown to include observa-

tions from all over the world (Catlin-Groves, 2012). Due to the visualisations

available within the project (see Figure 1), volunteers benefit from the increased

accessibility of bird watching data and thus, as well as having a strong offline

component, the online component further enables participant activity (Catlin-

Groves, 2012). Observations submitted to eBird are used in a range of fields,

including statistics, biology and computer science (Roy et al., 2012).

In contrast, data analysis (or virtual) tasks make use of human computation

to produce metadata as a means of classifying or describing data or materi-

als such as images for further analysis and research. Analysis tasks typically

include vast numbers of assets and require multiple analysis submissions for

each subject as a measure of quality control (Wiggins and He, 2016). As a res-

ult, such initiatives must appeal to large numbers of volunteers (Tinati et al.,

2015b). Unlike data collection projects, data analysis projects tend to be loc-
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Figure 1: Map visualising observations recorded within the eBird project

ation independent, being instead rooted in a virtual space from which submis-

sions are made. Tasks vary between fields of study, projects and platforms and

there is no dominant typology or categorisation for data analysis processes, but

examples include:

� Cataloguing: Classifying items by characteristic or content, as in the

Snapshot Serengeti project where volunteers classify images according to

the animal species they represent (Swanson et al., 2015).

� Mapping: Mapping structures within images, as in the CosmoQuest plat-

form, where volunteers map and trace structures on images from the sur-

face of planets and asteroids (Gugliucci et al., 2014).

� Transcribing: Digitising textual data from images or physical records, as

in the Old Weather project where volunteers digitise weather and location

readings from ship logbooks (Roy et al., 2012).

Galaxy Zoo is arguably one of the most well-known data analysis VCS pro-

jects (Wiggins and Crowston, 2011). Drawing on images from the Sloan Di-

gital Sky Survey, the project aims to generate morphological classifications of

galaxies and replaces more traditional workflows where such classifications were

completed by small teams or individual PhD students (Galloway et al., 2015;
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Figure 2: Galaxy Zoo classification interface

Lintott et al., 2008). First launched in 2007, initial early modest estimations

for classifications were quickly surpassed, leading to the development of Galaxy

Zoo 2 (Willett et al., 2013). Now in its fourth incarnation, Galaxy Zoo has

generated millions of classifications across 1.5 million assets from over 300,000

volunteers (Tinati et al., 2015b). Users’ classifications represent only part of

the research process, which makes use of more traditional, scientist-led meth-

ods to analyse data from the classified images (Madison, 2014). Although two

high-profile serendipitous community-led scientific discoveries within Galaxy

Zoo have led to publications with citizen scientist co-authors3, the project task

is relatively restrictive, and Galaxy Zoo thus corresponds to the distributed in-

telligence/contributory category described by Haklay (2013) and Wiggins and

Crowston (2012).

This distinction between data collection and data analysis – or investigat-

ive and virtual projects – while potentially clear-cut in many cases, is arguably

unsuitable for describing the current Citizen Science landscape. This is in part

due to the existence of projects such as Tiger Nation4 and iSpot Nature5 which

combine data gathering tasks with metadata generating ‘data analysis’ tasks

(Mason et al., 2012; Silvertown et al., 2015). In addition, and as demonstrated

by eBird, even explicitly offline projects and activities have moved increasingly

online as the use of the web has grown, offering training materials, guidance or

3Galaxy Zoo has led to two high profile published discoveries: a class of compact extremely
star-forming galaxies (Cardamone et al., 2009), and ‘Hanny’s Voorwerp’, a quasar light echo
(Lintott et al., 2009).

4Tiger Nation CS project – https://www.tigernation.org/ [Accessed 30 Aug 2018].
5iSpot Nature project – https://www.ispotnature.org/ [Accessed 30 Aug 2018].

https://www.tigernation.org/
https://www.ispotnature.org/
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Source Basis Categories

Tinati et al. (2015b) Task type Data collection, Data analysis, Problem solving

Wiggins and Crowston
(2012)

Participant involvement Contributory, collaborative, co-created

Haklay (2013) Participant involvement Crowdsourcing, distributed intelligence,
participatory science, extreme Citizen Science

Wiggins and Crowston
(2011)

Project purpose Action, Conservation, Investigation, Education,
Virtual

Various (e.g. Kullenberg and
Kasperowski (2016))

Project discipline Varied, particularly in terms of specificity –
examples include: Astrophysics, Ecology,
Humanities, Immunology

Table 1: Citizen Science classification typologies

opportunities for communication and feedback through virtual portals and tools

(Catlin-Groves, 2012). Similarly, with the increasing use of smartphone devices

and the rise of smartphone-based apps, the distinction between virtual and off-

line data collection activities has become increasingly blurred (Newman et al.,

2012). For example, the mySoil app enables participants to share their know-

ledge through Citizen Science, without necessarily requiring that they travel to

a location to gather data (Roy et al., 2012). The boundaries of Citizen Science

varieties are likely to become further muddied as new technologies permeate

scientific research, offering new ways for participants to interact with scient-

ists, one another and the research landscape. At the same time, this dichotomy

persists in the way Citizen Science is viewed as an approach, as Wynn (2017)

argues that it is only technology-mediated Citizen Science – that is virtual Cit-

izen Science – that has been accepted as a valid research methodology by the

scientific community.

2.2 Online Communities

Online communities are web-based environments in which people gather to

work towards common goals, socialise, share knowledge and resources, or simply

communicate (Kraut et al., 2012). Such communities vary in size and may take

diverse forms – from simple message board forums to complex, immersive and

social virtual worlds such as Second Life and World of Warcraft – although

the majority of online communities take the form of textual discussion forums
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or email groups (Lampe and Johnston, 2005; Kraut et al., 2012). Similar to

Citizen Science, many of these formats started as offline technologies, before

being reinvented on the web (Preece, 2001).

The most common reasons for participation in online communities include

exchanging and accessing information, developing social support networks and

creating friendships (Ridings and Gefen, 2004). As a result, it is not just the

content that community participants value, but the opportunity to interact

with fellow contributors and access the underlying social infrastructure of the

platform as well. These findings persist over a range of domains and platforms,

from social networks to commercial services (Ridings and Gefen, 2004).

In spite of the diversity of online communities, the underlying purposes of

many systems overlap or are at least very similar. In fact, Armstrong and Hagel

(2000) propose a typology of just 4 types of online community: communities of

transaction, interest, fantasy and relationship. In communities of transaction,

participants buy and sell goods and services, with opportunities to provide and

seek information before making transactions. Communities of interest are ar-

guably the most typical form that online communities take, with participants

interacting, discussing and sharing opinions and materials with one another –

generally around specific subject areas. Communities of fantasy are similar to

the other types of community, but are distinguished by the behaviour of par-

ticipants, who take on specific imaginary roles and profiles, imitating existing

real-world and fictional figures6. Finally, in a community of relationship, par-

ticipants support one another with more personal issues such as sufferers of

diseases, or victims of crimes. These categories need not be mutually exclusive

and in fact, Armstrong and Hagel suggest that the most effective communities,

at least in commercial spaces, should aim to combine these categories.

Based on this model, online Citizen Science projects can be seen as ex-

amples of online communities of interest, but also of transaction. In this partic-

ular case, the transaction taking place is not of money or goods and only partly

an exchange of information between participants. Instead, in crowdsourcing,

project managers approach an online community (the ‘crowd’) who each con-

tribute a portion of their knowledge, building up a large final understanding of

a problem (Brabham, 2013). Still, the most fundamental aspects of the com-

6Although Armstrong and Hagel (2000) describe communities of fantasy in terms of con-
scious role-play, these may also describe activities such as MMORPGs where the participant
adopts a role as an in-game character, rather than through his or her behaviour (Kraut et al.,
2012).
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munity of interest and of online communities are represented in crowdsourcing

platforms. Interested individuals (predominantly experts and professionals) self-

select to contribute and share their knowledge with others (Brabham, 2013).

How best to design online communities is a question that has been stud-

ied using various frameworks and analytical methods. Ren et al. (2007) ana-

lysed theories of commitment with regard to online communities in order to

identify design decisions which may lead to greater commitment. The authors

demonstrated that specific design decisions such as constraining or encouraging

discussion among the community can influence group formation and resulting

commitments between community members and in doing so, influence the form

that community participation takes.

Preece (2001) explored the dimensions of sociability and usability in an

effort to explore the concept of success in online communities. The resulting

framework considers facets of sociability: volume of participation, reciprocity

in contributions and benefits, quality of contributions, and participant beha-

viour. Usability dimensions are also key components of the framework: ease of

use, speed of learning, measures of productivity, and user retention. These di-

mensions are of particular interest given the objective of this thesis to identify

features associated with online communities and contributions in VCS projects.

Similarly, Iriberri and Leroy (2009) analysed online communities within

the framework of information systems life cycles to further explore the concept

of success in online communities. Dimensions evolve throughout the cyclical

framework, from conception and purpose, to ensuring security and reliability

during the creation process. Quality assurance and encouraging interaction

become important during the growth phase, while mature communities must

further focus on rewarding and encouraging interactions through events. Such

a framework demonstrates the evolving nature of success and highlights the

importance of early design decisions on later project outcomes.

Kraut et al. (2012) studied a diverse body of communities, ranging from

simple, crowdsourcing efforts such as CAPTCHA and Mechanical Turk to more

complex communities including MMOs such as World of Warcraft. Each of

these communities was analysed based on empirical observations informed by

key theories from the social sciences. The authors devised a total of 175 design

claims, across five areas: encouraging contribution, encouraging commitment,

regulating behaviour, dealing with newcomers and starting new communities.

These design claims provide evidence-based guidelines for assessing online com-
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munity success.

With regard to gamification, Mekler et al. (2013a) explored the impact of

points and contextual framing of tasks on volunteers’ intrinsic motivations and

performance in an image annotation task. Points were found to increase the

quantity of tags generated, while framing had no significant effect on quantity.

A combination of points and contextual framing was shown to have a signific-

ant effect on the time spent per tag, compared to just points or framing alone.

Framing was associated with an increase in tag quality, an effect which was not

seen with points. These findings suggest interface features can impact parti-

cipant engagement and the effort expended by participants.

2.3 Collective Action

Collective action is the theory that groups of individuals with common interests

or needs will act not as individuals, but rather as a collective to fulfil those

needs (Olson, 1965). In other words, in a collective action context, each parti-

cipant puts the interests of the entire group or community before his or her own

needs and acts not only for his or her own benefit, but first and foremost for the

benefit of the entire group or community. In so doing, the participant benefits

as part of the collective. The theory has been applied to explain engagement in

human computation initiatives, but may also describe simple community tasks,

such as building a barn (Marwell and Oliver, 1993; Michelucci, 2013). Collective

action generally presupposes some kind of social ties exist between members of

the group, but at its heart, it is defined simply in terms of the existence of com-

mon interests among group members and the ultimate outcome of communal

benefits (Marwell et al., 1988; Marwell and Oliver, 1993).

Issues have been raised with collective action as a theory, given that parti-

cipation patterns are asymmetric, with few participants contributing the major-

ity of work, so that all may benefit – in essence, an issue of individuals versus

groups (Hardin, 1971). This is best illustrated by the social or prisoner’s di-

lemma problem, in which each participant faces the choice between contributing

and receiving the common benefit, or not having to contribute but still receiving

the common benefit when the action is completed (Ostrom, 1998). Game theory

suggests that all participants will make the choice to not contribute, so that

they might achieve the maximum reward with the minimum effort (Ostrom,

1998). As a result, the work will of course not be done and ultimately, nobody
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will benefit. To express this theory in simpler terms, Olson (1965) posited the

zero contribution thesis, which states that “rational, self-interested individuals

will not act to achieve their common or group interests,” except in the event of

external factors such as coercion, or where the number of individuals involved is

small.

To counter these criticisms, collective action has been viewed in the light

of social identity theory7, with the implication that individuals engage in col-

lective action to develop their own social and activist identities (Van Zomeren

et al., 2004). Furthermore, these issues have been suggested by some observers

to justify collective action in some contexts, with activists and individuals enga-

ging in – or at least commencing – collective action under the assumption that

others will not do so and thus, tasks will otherwise not be completed (Oliver,

1984). In any instance of collective action, the resulting output from collective

action is not a result of a large community of participants, but rather a small

number of highly dedicated, active individuals (Marwell and Oliver, 1993). Even

so, collective action requires a certain level of critical mass, in that without a

sufficiently large community with sufficiently invested and active individuals,

any resulting output is unlikely to be successful – a factor that has also been ob-

served within VCS (Marwell and Oliver, 1993; Tinati et al., 2015b). As a result,

for any collective action initiative to be successful, it must rely on initial actors

to be altruistic or to at least recognise, as Oliver (1984) suggests, that if they

are not willing to act, then nobody will.

2.4 Gamification

Gamification describes the use of “game elements in non-gaming contexts” (De-

terding et al., 2011). The aim of gamification is to motivate participation in an

activity, by leveraging the naturally motivating characteristics of video games

and associated elements and extend these to non-gaming tasks (Sailer et al.,

2017). Gamification has been employed in a wide array of contexts, from edu-

cation and research to business and marketing (Seaborn and Fels, 2015) and a

significant focus of gamification research concerns evaluating the impact of di-

verse game elements in varying contexts and platforms (Jia et al., 2017; Kumar,

2013; Mekler et al., 2013b). Specific gamification features depend on the con-

7The theory that “people generally strive for and benefit from positive social identities
associated with their membership groups” (Van Zomeren et al., 2004).
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text and platform type to which they are applied, but Seaborn and Fels (2015)

describe the following common gamification elements:

Points A reward mechanism, which allows players to accumulate a numerical

score as they contribute, to compete with their own previous performance

or that of other players. Points also allow for users to track their progress.

Badges A reward mechanism. Icons displaying previous achievements and

progression.

Leaderboards A visual display of all or a subset of players’ progression (for

example, point score) or achievements.

Progression Inclusion of milestones which players must reach or surpass – for

example, completing levels or levelling up.

Status Features such as ranks or titles, which convey status by being displayed

and made visible to other players.

Levels Different environments, tasks, etc., which become increasingly more

difficult as players proceed from one level to another.

Rewards An object such as a tangible prize, which players desire and can gain

through participation in the game.

Roles A character element which a player may take on as they contribute to

the game or task.

In discussing the application of gamification to VCS, it is essential to make

the distinction between the use of game elements and Games with a Purpose,

where participants carry out human computation tasks as part of a casual game

experience. (Siu et al., 2014). While human computation initiatives such as

Citizen Science projects may make use of gamified elements (such as points and

rewards) to encourage player engagement with tasks, it is the diegetic, narrative-

driven and immersive nature of the elements in Games with a Purpose which

sets them apart from other projects (Prestopnik et al., 2014).

Launched in 2008, FoldIt is an example of a GWAP, where volunteers com-

plete puzzles to identify the process for folding proteins – a task which is dif-

ficult to accomplish with more traditional computation methods, as current

algorithms are inaccurate and computationally expensive (Curtis, 2014; Khatib
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Figure 3: FoldIt puzzle interface adapted from Curtis (2014)

et al., 2011). Players’ solutions to protein folding puzzles are rated, based on

the energy required to produce proteins and the similarity of these solutions to

natural protein configurations, with olutions awarded points according to these

ratings (Curtis, 2015a, 2018b). The FoldIt game is online and multiplayer, as

participants compete to achieve the highest score and communicate through

integrated and external discussion platforms (Khatib et al., 2011). Volunteers

may earn points (and thus compete) individually or as a team (Curtis, 2014).

Players are encouraged to collaborate and discuss solutions with other volun-

teers through a live chat function, with the opportunity to use asynchronous

communication platforms (Curtis, 2015a). Due to the complex nature of the

protein folding process, FoldIt is a relatively complex game when compared with

other online multiplayer games and players are required to complete a lengthy

process of 32 tutorial puzzles before reaching assessed puzzles (Curtis, 2015a).

Despite this difficulty, players have contributed to the development of protein

folding algorithms surpassing previously published algorithms (Khatib et al.,

2011).

A diverse set of studies have considered the role that gamification and

games play in motivating participation in a number of Games with a Purpose

and VCS projects (Bowser et al., 2013; Eveleigh et al., 2013; Iacovides et al.,

2013). Results from such findings have been mixed, with players identifying

both positive and negative aspects of gamification in VCS. Quantitative ana-

lyses have suggested that self-reported motivations do not align with volunteer

contributions (Mekler et al., 2013a). These findings are further discussed in
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chapter 4.

Additional studies have considered the application of gamification to crowd-

sourcing activities. Jia et al. (2016) explored the impact of individual gami-

fication elements on participants according to personality characteristics. In

crowdsourcing mobile data collection tasks, Dergousoff and Mandryk (2015)

found that the use of freemium model based in-game rewards increases engage-

ment, but such models lower the quality of submissions. In team-based task

completion, partnering with highly effective team-mates has been found to

reduce players’ own intrinsic motivations and perceptions of tasks (Luu and

Narayan, 2017). Brouwer (2016) conducted a survey of professional work teams

in the Netherlands around the subject of intra-team competition and found that

such competition has both negative and positive effects on team performance,

through increased task complexity but reduced psychological safety. Zheng et al.

(2011) analysed motivations for participating in crowdsourcing competitions in

paid microtask work, showing that engagement is linked to the nature of contest

demands. In particular, the authors found that intrinsic motivation and associ-

ated contest-design decisions were key to driving participation in competitions,

but nevertheless must be balanced with extrinsic factors. Similarly, introducing

cognitively demanding challenges to games has been found to increase player

activity, while physically challenging tasks do not (Cox et al., 2012).

More specific to Games with a Purpose, but in a non-Citizen Science con-

text, Siu et al. (2014) explored the impact of competition-based scoring and

reward mechanisms compared with collaboration-based reward mechanisms.

Harteveld et al. (2016) created and tested a digital game to allow non-scientists

to engage in scientific experimentation, demonstrating that players require the

support of AI and task structuring to get the most out of the game.

2.5 Crowdsourcing

One range of research perspectives on Citizen Science considers Virtual Citizen

Science projects as crowdsourced, human computation projects. Crowdsourcing

and human computation are related concepts, in that both concepts refer to out-

sourcing a task to an individual or group of individuals. However, human com-

putation exclusively refers to outsourcing a task from a computer to a human

individual, while crowdsourcing refers to outsourcing a task from an individual

worker to a larger group of individuals (or ‘crowd’) (Quinn and Bederson, 2011).
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Despite this distinction, an overlap exists: any context in which the crowd of

individuals may serve as a replacement for either a computer or human agent

can be considered an example of both human computation and crowdsourcing

(Quinn and Bederson, 2011). Citizen Science exists within this space – while the

tasks involved are difficult for humans, they can also not be carried out using

methods involving traditional workers, due to the large volume of data which

such workers would have to deal with (Raddick et al., 2009a).

Human Computation, as noted, refers to the use of humans as replacements

for computational processes and technologies and is generally employed in the

case of tasks which computers cannot perform, or which are difficult to solve

through ordinary computation (Quinn and Bederson, 2011). Little et al. (2010)

describe two task categories which necessitate human computation over more

traditional methods: creative tasks, where the user must produce new content,

such as a description, image or concept, and decision tasks where a user must

take multiple examples of created content and rate those according to their ap-

propriateness for a given context. Quinn and Bederson (2011) note further ways

in which tasks may include other human elements, such as the need for specific

(human) skills such as command of a given language in order to understand con-

tent or certain qualifying characteristics such as being an expert in a given area,

without which tasks would not be possible. A more unique form of human com-

putation can be found in the aforementioned “Games with a Purpose”, which

make use of a human capacity and desire for play to achieve tasks (Jain and

Parkes, 2009).

Crowdsourcing, while similar, does not necessarily involve any attempt to re-

place a computer participant with a human one. Howe notes that crowdsourcing

systems may serve to improve the experience of their participants through users’

attempts to teach each other and to improve other users’ task completion ca-

pacity (Howe, 2008). On the other hand, it is clear that an overlap does exist

– in keeping with this overlap between human computation and crowdsourcing,

decision making, creation and the use of specific skills all also correspond to

crowdsourcing tasks described by Dunn and Hedges (2013), alongside many

skills which may replace a computer with a human participant.

Perhaps unsurprisingly, given the large number of participants involved,

crowdsourcing projects are seen to be inherently collaborative. Howe (2008)

describes crowdsourcing as enabling “unprecedented levels of collaboration”,

both between the users of the system and between the users and hosts of the
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system. Pan and Blevis (2011) surveyed literature surrounding crowdsourcing

to identify the implications of crowdsourcing for collaboration in three areas:

academic, enterprise and social, concluding that the collaborative aspect of

crowdsourcing added particular forms of value in each of the three categories,

such as allowing for innovation in academia, or leading to greater profits in

enterprise. Afuah and Tucci (2012) describe a specific subset of crowdsourcing

initiatives as “collaboration-based crowdsourcing”, where smaller groups within

the community may form teams and attempt to solve problems. This aligns

with the types of crowd-sourcing task identified by Dunn and Hedges (2013),

some of which explicitly involve collaboration such as collaborative tagging

tasks or tasks involving translation, where users must generally collaborate to

produce a coherent translation.

While human computation is generally more variable, it too is by nature

collaborative. As Quinn and Bederson (2009) state, any human computation

initiative uses networks of humans to complete tasks which could not be com-

pleted by computers or small groups of humans. In addition, given the overlap

between human computation and crowdsourcing, any human computation task

that can also be considered an example of a crowdsourcing task can be con-

sidered to be collaborative. There is also a growing literature surrounding hu-

man computation tasks which discusses the emerging concept of human-machine

collaboration, such as in the case of Hu et al. (2010). However, this is largely

beyond the scope of this research, for the purposes of which the underlying tech-

nology will be seen as supporting collaboration between the human elements of

the system, rather than being an active collaborator (see Social Machines).

2.6 Social Machines

In his book Weaving the Web, Berners-Lee (1999) describes “processes in which

the people do the creative work and the machine does the administration,”8

which he calls Social Machines. Such processes encompass a number of goals

such as human computation, social computing and collective intelligence, to

name but a few (Shadbolt et al., 2013). Furthermore, these processes align to

a number of web-based technologies used by millions of users, such as social

8In the next line, Berners-Lee (1999) goes on to describe electronic voting processes as an
example of a social machine and so “creative” here refers to a potentially simple process such
as decision making, rather than the creation of a work of art, music or literature.
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networking sites like Facebook and Flickr, crowdsourcing platforms such as Ush-

ahidi and collaborative platforms like Wikipedia (Smart and Shadbolt, 2014).

Citizen Science projects share such processes and are explicitly described in the

literature to be examples of social machines9.

While key processes from Citizen Science such as human computation are

potential components of social machines, it should be noted that opportunities

for discussion interaction are equally important aspects of social machines in

themselves. Buregio et al. (2013) note that many Web 2.0 services such as blogs

and social networking sites can in fact be considered early examples of social

machines and indeed, Berners-Lee (1999) described early discussion systems

in similar terms. However, the levels of interaction enabled may vary strongly

between systems and the term social in social machine does not necessarily

entail any kind of social or discussion-based process.

In fact, Smart et al. (2014) describe eleven variables which together serve

as a taxonomy of social machines. Particularly valuable to this research are the

consideration of sociality – the extent to which interaction is supported by the

system – inter-dependence of user contributions and visibility of user contribu-

tions, which describes whether users are able to view each other’s contributions.

Other factors described include the size of the community, the extent to which

the whole community of users contributes and the diversity of tasks which users

can engage in.

Similar classifiers are identified by Vass and Munson (2015), who consider

the factors which make up a ‘profile’ of social machines. This is of particular in-

terest for this research in terms of the agency, symmetry and reflexivity assigned

to human agents – that is, the extent to which individuals within the system

are able to feedback and reorient the goals of the wider projects. In terms of

symmetry – the level at which all human agents within the machine have the

capacity to influence the outcomes and processes of the machine itself – the

more symmetrical, the more equality there is between human agents. Related

to this are the concepts of recognition and responsivity, essential aspects of re-

flexivity. Here, recognition describes the agency assigned to individual agents

within the wider system – are participants able to construct their own identities,

or do a subset of agents hold the power and responsibilities? Similarly, respons-

ivity describes the effectiveness of the system in responding to the activity of

the constituent agents within the system.

9see for example: De Roure et al. (2015); Smart and Shadbolt (2014)
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These measures hold interesting parallels with the typologies outlined by

Haklay and by Wiggins and Crowston. Rather than Citizen Science projects

corresponding to one form of social machine, instead they can be considered as

occupying a range of positions in terms of symmetry, recognition, responsivity

and agency more broadly. Indeed, at their lowest level as described by Haklay,

projects can be seen as highly asymmetrical with low recognition and low re-

sponsivity – scientists set tasks and dictate process, rules and carry out many

of the internal processes. Volunteers, conversely, gather data from sensors and

have little opportunity to dictate the terms of the project (Haklay, 2013). At

the other end of the spectrum would be the co-created projects where volunteers

are involved at all stages of the scientific process, defining questions, designing

studies and participating in the gathering and analysis of samples (Wiggins and

Crowston, 2012). It becomes clear, then, that projects with the lowest reflex-

ivity are unlikely to involve community interaction at any significant level and

such interaction is highly unlikely to influence the outcomes and success of a

project.

2.7 Distributed Cognition

Distributed Cognition as a theory does not necessarily cover collaborative ac-

tions and may simply cover an individual’s use of a tool or tools (Rogers, 2012).

In this way, distributed cognition overlaps somewhat with ANT, with both hu-

man and machine agents, each of equal importance to the overall system and,

in the case of DC, flow of information. In fact, distribution cognition analysis

will typically consider all types of communication taking place – both verbal

and non-verbal – as well as the “coordinating mechanisms” such as rules and

the way in which information is accessed – i.e., the use of tools and technologies

within the system (Rogers, 2012).

Distributed Cognition theory has been applied to VCS and related initi-

atives in specific contexts. Watson and Floridi (2018) describe it as a core

function of the serendipitous discoveries that have taken place within Zooni-

verse through the socio-technical features – predominantly the discussion plat-

form Talk – as participants share knowledge with one another and the science

team and in doing so, gradually build up an understanding of the underlying

discoveries. Smart (2017) extends this view to the inherent characteristics of

crowdsourced initiatives such as human computation, of which VCS is but an
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example, noting that there is a common assumption when discussing these initi-

atives, that information is produced from the contributions of multiple human

agents through an extended or distributed cognitive process. This view was sim-

ilarly described by Sakamoto et al. (2011), in noting that crowdsourcing as a

methodology may be employed by researchers to examine the processes involved

in Distributed Cognition.

Yet at the same time, there are questions regarding the extent to which VCS

fits within this paradigm. Taking again the perspective of VCS as a Social Ma-

chine, information flows in VCS may be highly restricted by the machine agents,

with each participant seeing little or nothing of other participants’ contribu-

tions10 (Mugar et al., 2014). If we were to consider only Socially Distributed

Cognition – the transmission of information between members of a group or or-

ganisation (Hollan et al., 2000) – then information within VCS tasks could not

be said to be distributed in this sense, as no information is transmitted between

participants based on task alone. Even when accounting for machine agents Hol-

lan et al. (2000) talk of a conscious process by which individuals pass cognitive

tasks to machine agents to reduce their own workload, but this does not align

to the crowdsourced tasks described by Smart (2017). Rogers and Ellis (1994)

describe such distributed cognition as a somewhat delayed process, as a person

uses one tool – for example, word processing software – but must then wait for

information to be fed back and in turn, offloads more tasks to additional tools.

But this is arguably not the case in a crowdsourcing service, or at least, cer-

tainly not in the design requirements described by Mugar et al. (2014), where

there is no information to be fed back at all. Some have even questioned the

extent to which non-human agents can engage in cognition, which they view as

a very human process (Rogers, 2012). Nardi (2002) describes such a view as an

error and notes a lack of specific features which should be sought in carrying

out distributed cognition analysis.

2.8 Actor-Network Theory

Actor Network Theory describes social processes as networks of various actors

– the actor network – with common interests or goals, in which the outcome

is a factor of the various actors within the system (Walsham, 1997) It repres-

ents the view that social structures and relationships are inherently influenced

10This theme is revisited and discussed in more detail in chapters 4 and 5
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by the contexts in which they occur and that as researchers, we cannot and

should not make empirical observations without consideration for these con-

texts (Whittle and Spicer, 2008). In ANT, almost any constituent part of a

system or network can be viewed as an actor – from machines to weather phe-

nomenon, to bacteria – and there is no distinction made between the capacity

of human and non-human actors to have agency within and influence upon the

process or system (Latour, 2004). This does not imply some form of artificial

intelligence or that there is equality between human and non-human actors –

clearly any human actor has a capacity and the freedom to act in a way that

non-human actors do not (Sayes, 2014). Instead, ANT represents the recogni-

tion of other forms of agency, a recognition, as Latour (2004) describes, that

these non-human actors may be able to “authorize, allow, afford, encourage,

permit, suggest, influence, block, render possible, forbid,” or to otherwise facil-

itate or impede the actions of human actors. In more simple terms, (Bencherki,

2017) describes the role ascribed to non-human actors as a capacity to “make a

difference” in the specific process.

ANT offers valuable perspectives for the study of technology systems, in

which it is often difficult to extract the social and human processes from the

technology in which those processes occur (Walsham, 1997; Tatnall, 2005). The

theory should not be viewed as exploring and building a network of every single

actor within the network, but rather ANT represents the acknowledgement

that there is a level of uncertainty involved in understanding the processes and

factors involved in any given system. This is particularly valuable for studying

the system, lest as Law (1992) states, “we might start with interaction and as-

sume that interaction is all that there is”. Instead of attempting to distinguish

between interlinked human and non-human actors – for example, technology –

an ANT perspective recognises and is receptive to the possibility that an out-

come may be influenced by multiple agents, which cannot be removed from the

context in which they occur (Bencherki, 2017; Tatnall, 2005).





Chapter 3

Methodological Approach

This chapter details the philosophical and methodological approach which

underpins the studies described in chapters 4 to 8. Firstly, the philosophical

paradigm of pragmatism is introduced, along with a description of mixed meth-

ods popularly associated with pragmatist philosophy and research. This is fol-

lowed by an explanation of the design of the experimental and empirical ap-

proach within this thesis, as well as an explanation and justification of the pro-

jects sampled as a basis for the research methods in the following chapters. In

section 3.5, the qualitative methods employed within chapters 4, 5 and 6 are

presented – specifically the literature review, project review and interview ap-

proaches. This is further followed by an explanation of potential quantitative

methods, as well as the justification and reasoning behind the specific methods

used in chapters 7 and 8.

3.1 Mixed Methods

Mixed methods research “combines elements of qualitative and quantitative

research approaches,” making extensive use of the integration of both meth-

ods and results as a “core component,” of the process (Bazeley, 2017). Both

qualitative and quantitative methods are varied and complex and even the ab-

solute most extreme and ‘pure’ cases of either approach may include aspects

or characteristics of the other (Tashakkori and Teddlie, 2010). However, mixed

research and methodologies go beyond this, representing an active rejection of

53
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the incompatibility of methods thesis1 and in doing so, mixed methods studies

represent a philosophically pragmatist approach that does not correspond to the

postpositivist2 and constructivist3 paradigms often associated with qualitative

and quantitative research methods (Tashakkori and Teddlie, 2010). Rather than

adopting or rigidly adhering to a given paradigm, mixed methods approaches

are more adaptive and open to “what works”, with researchers tailoring their

procedures based on what is deemed best for the research topic and questions at

hand (Yanchar and Williams, 2006).

On the other hand, this does not suggest that quantitative and qualitat-

ive concepts are mixed together haphazardly or without thought. On the con-

trary, mixed methods research tends to follow one of six broad methodological

approaches (Cresswell and Plano Clark, 2018; Cresswell, 2014). In parallel or

convergent mixed methods studies, two or more quantitative and qualitative

studies are carried out distinctly before integrating and triangulating the results

to build a broader understanding of the overarching research question (Bazeley,

2017; Cresswell, 2014). Alternatively, such research may be sequential, with the

results of one study explained by and informing the development of a second

study. In explanatory sequential mixed methods research, the initial research is

quantitative and these findings are explained and expanded on through qualit-

ative approaches – for example, survey results may be explained through more

focused and more detailed interview sessions (Cresswell, 2014; Tashakkori and

Teddlie, 2010). Alternatively, sequential MM research may be exploratory, with

an initial qualitative process that leads to the development of a model, frame-

work or typology that is then used in the design of a subsequent quantitative

study (Cresswell, 2014; Tashakkori and Teddlie, 2010).

In more complex cases, a qualitative or quantitative study may be embed-

ded in an existing methodological process or study, to provide a greater breadth

of interpretation (Cresswell, 2014; Cresswell and Plano Clark, 2018). In trans-

formative mixed methods, any one of these approaches may be employed for

1The incompatibility of methods thesis posits that “compatibility between quantitative and
qualitative methods is merely apparent” with “hidden epistemological difficulties” between the
two approaches (Howe, 1988).

2Postpositivist research is associated with identifying effects and their associated causes
and is generally associated with strict experimental methodologies and thus, quantitative
methods (Cresswell, 2014)

3Constructivist research takes the view that the researcher develops meaning and under-
standing through the research process and thus, that no observation or experimental outcome
can be completely accurate or pure. It is therefore associated with qualitative methods and is,
in some ways, the opposite of the postpositivist approach (Teddlie and Tashakkori, 2009).
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the purposes of social justice or in the context of social theories such as feminist

or queer theory, among others (Teddlie and Tashakkori, 2009). In contrast to

distinct parallel and convergent methods, quantitative and qualitative processes

may inform one another to enable a case study of a given context, community

or phenomenon (Cresswell and Plano Clark, 2018). Finally, in multiphase mixed

methods, multiple quantitative and qualitative studies may be conducted in se-

quence with the design of each study being highly dependent on the results of

previous studies within the sequence (Cresswell, 2014).

This thesis makes use of a multiphase mixed methods approach, where the

outcomes of each chapter inform the methodology and approach of the sub-

sequent chapters (Cresswell, 2014). In writing about this study design, Cress-

well and Plano Clark (2018) noted that as a definition it had become too gen-

eral to be of much use and so it is necessary to discuss in more detail how this

process occurs, as at heart any mixed method study is multiphase. Each of the

studies conducted in this thesis is sequential and the outcomes, issues and ques-

tions raised by each study are an essential element in designing and informing

the subsequent studies. In turn, study two and three form an explanatory se-

quential design, where the results from the quantitative observation findings

from study two are explained and interpreted in light of the qualitative inter-

view findings from study three (Tashakkori and Teddlie, 2010). Similarly, stud-

ies three and four in turn form a mixed methods case study (Cresswell, 2014),

where the qualitative interview findings and quantitative data analysis findings

serve as a case study of task sociality through competitions in EyeWire. An

overview of the process can be seen in figure 4.

3.2 Pragmatism

Pragmatism is the most popular philosophical and epistemological paradigm

within mixed methods research (Teddlie and Tashakkori, 2009). In terms of

philosophy, Peirce (1905) was the first to define the paradigm of pragmatism,

describing it as a method “to trace out in the imagination the conceivable prac-

tical consequences [...] of the affirmation or denial” of a given concept (Cherry-

holmes, 1992). Pragmatists hold the view that while true statements share a

common characteristic that may be known as ‘truth’, the nature of this ob-

jective truth and the concept of truth itself is not of great interest or value

(Rorty, 1982). While there may be an objective world external to that perceived
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Literature Review
(Chapter 4)

Project Review
(Chapter 5)

Interview Sessions
(Chapter 6)

Competition Analysis
(Chapter 7)

High-Pressure Projects
(Chapter 8)

Synthesis
(Chapter 9)

RQ1: How is Virtual Citizen Science 
understood and realised today?

RQ2: What Online Community tools 
and features are present in Virtual 
Citizen Science projects?

RQ3: How do task-based social events 
influence task completion in VCS 
projects?

RQ4: To what extent is engagement in 
discussion associated with increased 
engagement in task completion?

Figure 4: Thesis overview, showing how each study builds on previous studies to create an overall
synthesis of findings.

by individuals, it is of no great importance to question the nature of reality

and there are more interesting and pressing subjects to consider (Rorty, 1982;

Cherryholmes, 1992). In essence, pragmatism is concerned with actions and con-

sequences, rather than the theoretical underpinnings and prerequisites of those

actions (Cherryholmes, 1992). It is of greater consequence to a pragmatist that

an action has a given outcome than questioning why this may be.

When it comes to research and methodologies, pragmatist perspectives are

predominantly focused on the application of problems and issues and developing

responses to these problems based on what works best for a given issue or con-

text (Cresswell, 2014; Yanchar and Williams, 2006). Johnson and Onwuegbuzie

(2004) simplify the pragmatist perspective as it relates to the research process

in stating that “if two ontological positions...do not make a difference in how we

conduct our research” then for all intents and purposes, the difference between

the two positions does not matter for the sake of the research process. Morgan

(2007) describes pragmatism in terms of a rejection of the previous view of sci-

ence and research as constrained to paradigms, a view most prominently held

by Kuhn (1970), but also adopted by others. At its most simplest, a pragmat-

ist approach to research can be seen as adopting and embracing solutions and

methods that work and abandoning those that do not (Howe, 1988; Tashakkori

and Teddlie, 2010; Yanchar and Williams, 2006).
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There are also those authors who view pragmatism not necessarily as a

philosophical paradigm or framework at all, but rather as freedom from such

an approach. In defining the so-called ‘alternative paradigm stance,’ Greene

(2007) described the pragmatist view as not carrying underlying “philosophical

assumptions”, while Biesta (2010) describes pragmatism as a set of “philosoph-

ical tools” for addressing problems, rather than “a philosophical position,” – a

perspective which Tashakkori and Teddlie (2010) refer to as an “unparadigm”.

This freedom from rigid underlying perspectives is particularly beneficial to

the multi-phase mixed methods approach employed in this thesis, allowing for

an evolving and adaptive approach to the research process, rather than a pre-

scribed notion of how the research should be conducted which may be at odds

with later developments in the data gathering and analysis processes.

3.3 Experimental Design

The nature of Virtual Citizen Science and the form which sociality takes within

VCS projects raises significant issues for quantitative experiments. On the

whole, experiments within VCS tend to take one of two forms – A-B testing

with small numbers of participants (see for example: Starr et al. (2014) and

Sprinks et al. (2014)) or analyses of data gathered directly from Citizen Science

projects in non-experimental conditions (see for example: Luczak-Roesch et al.

(2014) and Tinati et al. (2015a)). Creating a Citizen Science project to host ex-

periments was infeasible at the outset of this research and remains an extremely

challenging prospect. VCS is distinct from other forms of crowdsourcing, in that

participants are predominantly motivated by altruism and their own intrinsic

interests in the underlying research topic, scientific domain, project task or pro-

ject assets 4. Any such initiative would likely fail to attract sufficient participa-

tion, as studies conducted within existing projects but from different scientific

fields or with different research aims have previously been viewed negatively and

rejected by project participants (Darch, 2017). Careful management of projects

is also required to ensure the long-term viability of projects, as well as sufficient

contributions of sufficient quality from the community (Curtis, 2018b). Even

otherwise highly successful topics can be unpredictable and problematic for the

purposes of extended research, such as in the case of the Andromeda Project, a

highly effective Zooniverse project that ultimately lasted only a few weeks due

4For further details see chapter 4
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to unprecedented interest from volunteers5. For this reason, in chapters 7 and

8, I draw upon data gathered from live VCS projects based on predetermined

variables, rather than using a custom experiment or project.

3.4 Project Selection

As described in chapter 1, due to the decision to analyse data drawn from live

projects rather than custom experiments, it became necessary to select the

projects to be analysed. In spite of the diverse and growing selection of VCS

projects, sourcing data from within VCS projects can be a challenge. Citizen

Science is not necessarily open science and similarly VCS data are not open

data – demonstrated by the fact that none of the projects identified in chapters

4 and 5 have made their data fully available to the public, even in the case of

projects which have been retired and completed for many years. Where data are

published, these are largely outdated by the time of release due to the lengthy

publication cycle associated with VCS. Given the large datasets involved, it is

also not feasible to analyse data from several projects.

Instead, I have selected two platforms to analyse, such that the results can

be generalised to a large proportion of the VCS landscape. The first is the Zoon-

iverse platform6, which is the largest VCS platform7 at the time of writing. The

Zooniverse platform has also influenced and inspired a variety of subsequent

citizen science projects in the domain of astrophysics and beyond, such as the

Dutch National Archive Crowdsourcing initiative (Tovgaard-Olsen et al., 2019),

VerbCorner (Hartshorne et al., 2013) and a citizen science initiative by the

New York Public Library (Vershbow, 2013). Similarly, the Zooniverse has been

viewed as a model example for the development of crowdsourcing technologies

in the area of digital heritage (Hecker et al., 2018). The introduction of the Pan-

optes platform in 2015 has significantly streamlined the project design and pub-

lishing process and in doing so, has also partially homogenised the design and

implementation of Zooniverse projects – in particular, the project builder re-

stricts the availability of new features until they have been successfully trialled

in existing Zooniverse projects (Home, 2019). The launch of this Zooniverse

project builder has resulted in a significant rise in the number of Zooniverse

5https://blog.zooniverse.org/2013/12/05/andromeda-project-we-hardy-knew-ye/
6https://www.zooniverse.org/
7Both in terms of the number of projects (Spiers et al., 2019) and in terms of volunteer

numbers (Muhtaseb, 2019).

https://blog.zooniverse.org/2013/12/05/andromeda-project-we-hardy-knew-ye/
https://www.zooniverse.org/
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projects, both within the platform and hosted elsewhere8 (Rosser and Wiggins,

2019). By analysing data from the Zooniverse, I aim to not only analyse the

largest share of VCS projects and volunteer numbers, but also to consider a

large body of potential future projects, launched within the Zooniverse and

hosted elsewhere, as well as those which may be influenced by the design of

Zooniverse projects.

The second platform is EyeWire9, which while smaller than Zooniverse

boasts over 250,000 players10. The decision to draw on EyeWire was partially in-

formed by the project review process, which showed that EyeWire shares many

online community and gamification features that are present in some form in

other VCS projects. Moreover, EyeWire has a much larger number of active

players than other well known, gamified VCS projects – in FoldIt, for example,

the core player base consists of around 200 users (Curtis, 2018b). To further aid

in generalisability, the questions posed to the EyeWire team during the inter-

view process were specifically chosen to establish the differences and similarities

between EyeWire and other VCS projects and to gauge the team’s views on

how their experiences and findings may vary from other VCS projects – particu-

larly gamified projects and Games With A Purpose. While the team’s responses

were ambiguous in terms of whether they had intentionally implemented fea-

tures from other projects, their responses and the results of the project survey

process all suggested a large degree of overlap between EyeWire and other gami-

fied Games With a Purpose in terms of features and approach. Although the

nature of the game task in EyeWire is relatively unique, the features which

make it a game – badges, leaderboards, competitions and narratives – are all

closely aligned with other Games With a Purpose and gamified citizen science

initiatives.

3.5 Study Data and Methodologies - Qualitative

Methods

Chapters 4, 5 and 6 of this thesis make use of a qualitative methodology draw-

ing on a literature review, project review and interview approach respectively.

8Projects built through the project builder do not necessarily become ‘official’ or full
Zooniverse projects and are not automatically hosted and indexed on the Zooniverse website

9https://eyewire.org/
10https://www.irishtimes.com/news/science/gamers-helping-to-piece-together-

the-brain-s-complex-circuitry-1.3452825

https://eyewire.org/
https://www.irishtimes.com/news/science/gamers-helping-to-piece-together-the-brain-s-complex-circuitry-1.3452825
https://www.irishtimes.com/news/science/gamers-helping-to-piece-together-the-brain-s-complex-circuitry-1.3452825
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This section outlines the data collection and analysis processes employed in

each of these chapters. The research conducted within this thesis was approved

by the ethics board of the Faculty of Physical Sciences and Engineering of the

University of Southampton under ERGO number 25152.

3.5.1 Systematic Literature Review

Tashakkori and Teddlie (2010) recommend that the research process should be-

gin with a literature review, as a means to ascertain and identify the “existing

evidence” surrounding a given topic, problem or research area. In its simplest

form, a literature review “means locating and summarising” different research

publications and results – both quantitative and qualitative – with regard to

a given subject (Cresswell, 2014; Tashakkori and Teddlie, 2010). There are

numerous different approaches and methods which can be integrated in conduct-

ing a literature review and the process may be as simple as identifying desired

keywords and conducting a search for these terms in whichever library or digital

database a researcher chooses (Cresswell, 2014; Teddlie and Tashakkori, 2009).

Such a method, however, is not without its weaknesses – particularly in the

form of biases and errors. The method and criteria used by a researcher may

introduce these biases or errors – missing publications or excluding particular

findings due to the format of the data for example – but so, equally, may the

publications that a researcher selects (Tashakkori and Teddlie, 2010; Webster

and Watson, 2002). Some journals, for example, only publish secondary articles

– for example literature reviews – and so any article that uses a literature review

methodology with inherent biases will introduce these biases into subsequent

reviews (Teddlie and Tashakkori, 2009). In turn, more prominent journals and

commonly cited publications are likely to have a stronger and more significant

contribution to the field and research question and should be given more weight

during the data collection and synthesis processes than other, weaker articles

(Webster and Watson, 2002).

The systematic literature review is a review method specifically intended to

address and overcome these issues. A literature review is systematic if it makes

use of a predetermined methodological approach for the selection, collection

and assessment of literature sources (Tashakkori and Teddlie, 2010). Unlike

other forms of literature review, a systematic literature review begins with an

explicitly defined research question and search strategy, which is clearly docu-
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mented, alongside specific criteria for the inclusion or exclusion of sources – a

process which generally includes consideration of the quality and accuracy of

the sources, as well as their content (Kitchenham, 2004; Tashakkori and Teddlie,

2010). On the other hand, in a systematic review of systematic reviews within

the field of software engineering conducted by Kitchenham et al. (2009), just 3

out of 20 sampled publications offered quality assessment metrics or scores for

samples sources and the majority provided no such information at all.

Databases and Search Terms

Although for the sake of simplicity this thesis uses the term “Virtual Citizen

Science,” there are in truth a variety of descriptors used within the literature

and it is unclear which, if any, names dominate within the field. To avoid intro-

ducing sources of bias, searches were conducted for the three most commonly

occurring terms within the background literature – that is, digital, online and

virtual Citizen Science. A fourth term identified within some sources – tech-

nology mediated Citizen Science – was not included within the search process

due to apparent ambiguity and a lack of clarity regarding the phenomenon and

processes which it describes.

The primary criteria in selecting databases were the need for multidisciplin-

arity and the indexing of academic publications of high quality. Initially, the

JSTOR, Scopus and Web of Science databases were selected based on these cri-

teria and influenced by the recommendations and sources used by Seaborn and

Fels (2015). A brief consideration of these initial results demonstrated two signi-

ficant issues – firstly, that there was a high degree of overlap between the three

databases and secondly, that while the databases were indeed multidisciplinary,

a small number of disciplines dominated the results. The PubMed database

was introduced to attempt to resolve this issue, but only identified a small num-

ber of additional publications. Google’s Scholar database was then consulted

in an effort to diversify the sources identified during the literature review pro-

cess. The Scholar platform indexes a greater number of sources than the four

previous databases, but features a much less robust search function and is not

restricted to high quality research articles. Nevertheless, the sources identified

through Scholar were more diverse than the other databases and the platform

was therefore advantageous as a literature review tool.

Although the advanced search function was used for all five databases, the
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Repository Search terms Results

JSTOR ((ab:("online" + "Citizen Science") OR

ab:("digital" + "Citizen Science") OR ab:("virtual"

+ "Citizen Science"))

15

Scopus TITLE-ABS-KEY ("online" + "Citizen Science") OR

TITLE-ABS-KEY ("digital" + "Citizen Science") OR

TITLE-ABS-KEY ("virtual" + "Citizen Science")

512

Web of Science TOPIC:("online" + "Citizen Science") OR

TOPIC:("digital" + "Citizen Science") OR

Topic:("virtual" + "Citizen Science")

369

PubMed (("digital Citizen Science"[Title/Abstract]) OR

"Virtual Citizen Science"[Title/Abstract]) OR

"online Citizen Science"[Title/Abstract]

9

Google Scholar "online Citizen Science" OR "Virtual Citizen

Science" OR "digital Citizen Science"

998

Table 2: Databases and search terms used and number of results identified through literature review
process.

available options and enforced restrictions did not allow for completely identical

search terms. Where possible, searches included the title, abstract and keywords

attached to publications. In the case of PubMed and JSTOR, no keywords

were available to search and the advanced function allowed only the title and

abstract to be searched. It should be clarified that for JSTOR, as few as 10%

of the publication records include abstracts, but no other suitable restrictions

are available within the search interface and completing the search without any

restriction returns far too many results to feasibly analyse fully. Web of Science

does not feature such a restriction, but does feature the “topic” setting, which

filtered papers in a similar and sufficiently accurate manner. Conversely, Scholar

features no such filtering options and so more general search terms were used for

this database. A full list of the specific search terms used for each database can

be seen in table 2.

Inclusion and Exclusion Criteria

The following inclusion criteria were applied to selecting publications:

1. English Language – Publications written in a language other than Eng-

lish were excluded during the sampling process, as a means to prevent

errors during analytical and synthetic procedures.
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2. Peer-Reviewed Sources– As a partial proxy for quality, only those pub-

lications which had passed peer-review were included within the sampling

process. This was predominantly confirmed by checking the journal or

conference, or confirming the status of papers marked as arXiV preprints.

Dissertations and PhD theses were excluded for similar reasons.

3. Journal or Conference Papers – Ascertaining the quality and validity

of source publications is a difficult process. To assist with this process,

publications were selected for inclusion only if they were originally pub-

lished in conference proceedings or an academic journal. Workshop papers

were rejected as a result of ambiguities in distinguishing between peer-

reviewed submissions and non-peer-reviewed position or opinion papers.

While in theory books based on peer-reviewed research would be of suit-

able quality, no sources were identified where relevance to VCS could be

ensured.

4. Empirical Research – The aim of this literature was to identify em-

pirical findings regarding the nature of VCS and engagement from the

wider literature. For this reason, publications were included only if they

contained original empirical research, or if they contained secondary syn-

thesised findings based on original empirical research (such as a literature

review or meta synthesis)

5. Virtual Citizen Science – Publications were included only if they made

clear reference to Virtual Citizen Science, with results from VCS projects

drawing on active participation from volunteers. Publications which could

not be confirmed to draw on data or experimentation involving VCS pro-

jects, or which used VCS only as an example along other forms of crowd-

sourcing were removed from the sample.

6. VCS Project Introductions and Results – A large proportion of pub-

lications presented only the results of individual VCS projects, such as

galaxy catalogues from Galaxy Zoo. These publications used domain-

specific concepts, terminology and methodologies which require specialised

training in a given field (e.g., astrophysics) to understand and which I

would not be able to accurately analyse and assess. Moreover, some pro-

ject introductions offered little in the way of a contribution to the findings
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and arguments put forward during the literature review process. For these

reasons, these were removed from the sample when identified.

7. Applications of VCS Projects – VCS projects have been applied in a

number of areas, such as education and training in classroom or employ-

ment settings. Publications describing these applications predominantly

assessed the effectiveness of the application process, rather than evaluat-

ing or assessing the VCS projects themselves and so were outside of the

scope of this thesis. Furthermore, in many cases the VCS project could

be viewed as interchangeable with other methods or materials and little

in the results distinguished the impact of VCS from the impact of other

methods. In addition, since projects were most commonly applied to edu-

cation and training, it was not possible to distinguish projects which rep-

resent Virtual Citizen Science from projects which would better fit the

education category set out by Wiggins and Crowston (2011).

8. Applications of VCS Results – A large proportion of the sampled liter-

ature contained projects detailing the usage of data from VCS projects for

additional purposes such as the training of machine learning algorithms.

While these applications represent VCS-based research such as training

algorithms to detect galaxies based on Galaxy Zoo data, as with other

applications-based papers, these offered little in the way of information

about the VCS data or processes themselves and were therefore also ex-

cluded from the sample.

9. Mature Results – Publications had to include mature results, with

evidence-based conclusions and a discussion of how these results fit within

related literature and the wider field. Publications with the word “to-

wards” in the title or which did not have full results were eliminated dur-

ing the second round sampling process.

Data Collection Process

As a means to conduct the sampling process, a three stage procedure was used.

During the first round, a search was conducted of each of the five databases us-

ing the search terms set out in table 2 and a full list of publications extracted.

As there was a strong degree of overlap between the five databases, this initial

process also aimed to identify repeated articles within the sample by identify-
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ing identical titles, abstracts and metadata. A total of 450 of the articles were

deemed to be duplicates and these were removed from the samples to prepare

for stage two.

Upon the extraction of the majority of the duplicated publications, a second

and more detailed process began. The aim of this stage was to filter the large

number of publications into a more manageable and smaller sample, as effi-

ciently yet accurately as possible. To this end, each title, abstract and accompa-

nying metadata – such as keywords – were examined and papers were assessed

for suitability based on the exclusion criteria detailed previously. A full list

of the different categories to which publications were assigned can be seen in

table 3, while the papers removed during round 1 can be found in appendix A,

grouped according to the reason for their removal in table 3. Where these fields

alone were insufficient to identify whether a paper should be excluded, the pa-

per was included so that more detailed analysis could be carried out during the

third stage of the collection process. The one exception to this concerned pub-

lications which could not be confirmed as peer reviewed. Google searches were

carried out to confirm the nature of the journals, conferences and other source

materials and if a paper could still not be confirmed as peer reviewed, it was

removed from the sample at this point.

Finally, during the third stage, each paper was read in full multiple times.

During the first reading, the paper was further assessed for relevance and suit-

ability with regard to the inclusion and exclusion criteria. Table 4 describes the

full list of reasons for the removal of publications during round 2, while each of

the specific papers is detailed in appendix B, catalogued according to the reas-

ons for removal. After this stage, a second reading was used to code the paper

using the NVivo software package, with nodes detailing the methodology used,

projects mentioned, main findings and outcomes and any other significant out-

comes or details of note. A third and final reading was carried out at the end of

the coding process for each coded paper, to ensure consistency and accuracy.

The initial stage was not intended to identify all duplicates, particularly

as some papers were listed multiple times but with different titles or author

listings. Instead, steps were taken during stage two and three of the sampling

process to identify these sources. In some cases, publications were not exact du-

plicates, but consisted of a journal article developed from a previous conference

paper, or two journal papers of similar quality. Where this occurred, the more

detailed of the two publications was selected for the sample and the less detailed
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was excluded – generally speaking, but not always, this meant the exclusion of

the earlier paper. A summary of the final results of the literature review process

can be found in chapter 4 in table 5.

3.5.2 Project Survey

As previously outlined, it would be impossible to examine every possible VCS

project. Early projects have been retired, relaunched or replaced (see for ex-

ample, the list published by Tinati et al. (2015b)). Furthermore, in the time

that the research described in this thesis was conducted, there has been a rapid

rise in the number of VCS projects within the Zooniverse platform due to the

launch of the Panoptes service, which allows any interested stakeholder to

design, launch and manage their own VCS project (Bowyer et al., 2015; Kos-

mala et al., 2016). Identifying new and existing projects is also difficult, as the

vast majority are not the subject of published research materials and there is no

central database listing projects or platforms11 (Kullenberg and Kasperowski,

2016).

During the literature review process described in chapter 4, all listed pro-

jects were extracted from the final sampled literature and these can be found

in table 6 in chapter 4. Unfortunately, the number of projects identified in this

way was small and the diversity was relatively low, with a small number of pro-

jects and platforms appearing multiple times. Moreover, many of these projects

were at a late stage in their lifecycle or had already retired. In the intervening

months since the project review was conducted, many of these projects have

been relaunched in a different form, but at the time of conducting the project

review, the list was generally unsuitable for project review purposes.

Instead and as a means to identify more diverse and unpublished projects, I

followed the advice within the literature that participants can suitably spread

news of projects through word-of-mouth and turned to citizen-led repositories

(Darch, 2017; Kraut et al., 2012). Tinati et al. (2015b) explicitly mention the

spread of projects and assets through social media, but unfortunately finding

such comments is difficult without knowledge of the project name to search for

or access to groups of VCS volunteers. Ultimately, the most well maintained list

11While there are services such as Sci Starter and organisations such as the Citizen Science
Association, there is no requirement or guarantee that projects will be registered with such
a service and Sci Starter in particular has a relatively simplistic search function that makes
identifying projects sharing specific characteristics difficult.
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identified was Wikipedia’s List of Citizen Science Projects 12. Naturally, since

Wikipedia is a volunteer-led online encyclopaedia, anyone can add information

to the site and all projects were carefully analysed by visiting the project URL,

where listed, as well as through Google and Google Scholar searches to seek

further details on projects.

Online Community Framework

To identify the extent to which projects adhered to online community design re-

commendations, it was first necessary to synthesise a framework of recommenda-

tions based on empirical evidence from existing literature. The aim of this pro-

cess was not to identify an exhaustive list of all possible recommendations, but

rather to identify key themes and related affordances for the successful design

and implementation of online communities and community-based features and

tools. A pilot literature review was initially conducted using the same databases

in table 2, using the search term “online” + “communit” followed by the data-

base specific wildcard character to identify literature covering online community

and online communities – e.g., “online” AND “communit*”. However, it became

clear that a second literature review would be a time consuming and inefficient

process, due to the sheer volume of online communities literature available and

the fact that many of the sources contained recommendations and observations

that were specific to one or more types of community.

As a solution to this, the decision was made to use a secondary, review-

based source to identify recommendations from a wide-range of sources effi-

ciently. For this purpose, I drew on the publication Building Successful Online

Communities by Kraut et al. (2012), which presents qualitative and quantitative

empirical evidence from a variety of academic publications, across a diverse set

of online communities – discussion forums, crowdsourcing and Citizen Science

platforms, MMORPGs such as World of Warcraft and even retail services such

as eBay. The publication is particularly suitable for use during this process as it

separates recommendations into five key categories13, allowing for the extraction

of only those recommendations which are of relevance to questions of productiv-

ity and engagement.

12https://en.wikipedia.org/wiki/List of citizen science projects
13Encouraging contributions and productivity, encouraging long-term commitment, man-

aging and regulating behavoiur, attracting and managing new participants and launching a
new community

https://en.wikipedia.org/wiki/List_of_citizen_science_projects
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Additionally, three frameworks of community success were employed, to offer

further perspectives or fill gaps within the findings presented by Kraut et al..

The first of these was the model outlined by Preece (2001), which similarly

outlines key factors which influence the likelihood of participants contributing

to a given project. Iriberri and Leroy (2009) approach this issue in a different

way, instead offering symptoms of unhealthy or ineffective communities and a

lack of participant contribution. Finally, the work of Nov et al. (2014) as identi-

fied through the literature review process was included in the theme identifica-

tion process as the only source that had explicitly drawn links and conclusions

between specific motivational factors and contribution outcomes.

I first extracted or synthesised design recommendations from the literature.

In the case of the recommendations made by Kraut et al. (2012), this process

was relatively simple, as the publication contains explicit design claims - for

example, “fear campaigns cause people to evaluate the quality of persuasive

appeals”. For each recommendation, the main focus of the recommendation,

the outcome and the nature of the recommendation were summarised – in this

particular case, the main focus would be fear campaigns, the outcome is that

participants will question the appeal and the nature of the appeal is negative.

Recommendations were then further compared with the findings of Iriberri and

Leroy (2009), Nov et al. (2014) and Preece (2001), with divergent recommend-

ations extracted and added to the list of observations and themes. A full list of

summarised recommendations can be seen in appendix C.

To ensure relevance to success in Citizen Science, I selected those recom-

mendations with a focus on ensuring a high quantity and quality of contribu-

tions. This was in keeping with the most commonly occurring success measures,

as well as concepts identified through the literature review process, while also

being a strong focus of the underlying online communities literature used within

the framework. Further, I selected only recommendations observed from the

systems alone; recommendations which would require consultation with parti-

cipants were deemed to be too complex due to the number of projects involved,

but also due to the desire to explore the key concept of design, rather than user

experience, which my success framework suggests is influenced by a range of

factors beyond the design process.

� Task visibility – the ease with which participants can see and select mi-

crotasks and discussions requiring completion, but also share completed
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microtasks and contributions with others. A key component of ensuring

the quantity of contributions and ensuring that required work is com-

pleted.

� Goals – the provision of challenges and targets for participants to achieve.

Predominantly related to the quantity of contributions and number of

users involved.

� Feedback – mechanisms for informing participants of the quantity or qual-

ity of submissions. Predominantly pertains to informing volunteers of

the quality of contributions, although the framework also identifies the

possibility of feedback related to the number of contributions/volunteers

involved with a project.

� Rewards – tangible or intangible awards given to participants for making

contributions or achieving goals. May be based on the quality of contri-

butions (performance-based) or on the number of contributions made,

although in rare cases may also be based on the number of volunteers

engaged with a system.

Structured Walkthroughs

Ideally, the project review purpose would make use of a virtual or trace ethno-

graphic approach, observing participants interactions within the virtual envir-

onment, as used by Curtis (2015b) in the case of FoldIt. Unfortunately, such

an approach is incompatible with the majority of the sampled projects, which

do not allow for tracking and observation of volunteer submissions. Instead, to

assess these themes within each of the selected projects, I simulated this process,

conducting the survey by utilising a structured walkthrough-based approach.

For each project, I registered as a participant and completed approximately ten

classifications (or for data collection projects, assessed existing contributions),

as well as observing community interactions. This was a four step process: Ini-

tially, I registered and completed 10 classifications or other forms of contribu-

tion (evaluating existing contributions in data collection projects) within each of

the 48 projects analysed within the study. During this initial step, I produced a

list of affordances, mechanisms and characteristics observed across the projects.

Following this, I examined points of contention to produce a common, unified

list of mechanisms. I then returned to each of the projects, completing further

contributions where necessary, in order to survey the number of times each of
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the mechanisms within the list was utilised within the sampled projects. Upon

completion of this survey, I again corrected errors and identified disagreements,

to produce a final list detailing the observed mechanisms and the number of

occurrences of the mechanism across the projects. In order to ensure accuracy

and to prevent possible issues with the structured walkthrough approach, this

list was then compared with evidence drawn from the literature review process,

using relevant publications where available for each project, as well as project

blogs and news feeds.

3.5.3 Interview

Throughout the interview process, I followed phenomenological principles as

a means to inform the research design, data gathering and data analysis pro-

cess. Phenomenology is a philosophical perspective based on the study and

interpretation of individuals’ potentially subjective Lebenswelt – ‘life worlds’ or

conscious experiences – which are highly influenced by the language context and

culture of the society in which that individual finds him- or herself (Tashakkori

and Teddlie, 2010). Phenomenological research describes predominantly qual-

itative, interview-driven research during which a researcher elicits the lived

experiences of members of a particular community who have all experienced

a given common phenomenon (Cresswell, 2014). By combining perspectives

from several individuals, the researcher builds up a descriptive image of the

phenomenon being studied, based on his/her intuition, reflections and judge-

ments of the subjective facets described by the interview participants (Teddlie

and Tashakkori, 2009). At the same time, the number of participants assessed

through phenomenological studies is small and the subject of the study is highly

focused – Cresswell (2014) advises between 3 to 10 individuals. Due to the sub-

jectivity of phenomenology, it provides insights and experiences only on the

specific phenomenon as experienced by the research participants in a specific

context (Cresswell, 2014). For this reason, the interviews within this chapter

offer distinct experiences of one individual project – EyeWire – based on parti-

cipants’ roles and activities within the project, to ensure that the phenomenon

is common to – and understood in roughly similar terms by – each participant.

As Converse (2012) describes: “The goal of phenomenological research is not

to create results that can be generalised, but to understand the meaning of an

experience of a phenomenon.”
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Data Collection

The phenomenological research paradigm generally requires semi-structured

or unstructured interview formats (Ray, 1985). For this reason, each interview

made use of a relaxed, semi-structured framework. In addition to a predefined

set of questions, participants were enabled and encouraged to discuss their ex-

periences at length, departing from the subject of questions where necessary.

This structure was similar to – and inspired by – the method described by

Tinati et al. (2015b).

Three semi-structured interview sessions were held with members of the

EyeWire team during February 2017. In addition to an interview schedule con-

sisting of 24 questions, participants were encouraged to contribute their ex-

periences, recommendations and opinions, both in response to these questions

and to external topics. The full interview schedule can be found in appendix

E. Interviews were carried out on site at the EyeWire offices in Boston, Mas-

sachusetts in the United States across two working days in late February, 2017.

On the first day, an informal and unrecorded group session was held during

which the aims of the research, as well as any ethical concerns were discussed

with the group. The predominant aim of this session was to assist participants

in remembering the potentially lengthy history of EyeWire, to develop a com-

mon understanding of the terminology and concepts associated with EyeWire

and also to ensure that participants would be able to access any necessary ma-

terials to aid in evoking and explaining their experiences during the sessions

themselves.

Six members of the EyeWire team took part, across 4 roles, which repres-

ented the entirety of the full-time EyeWire staff at the time at which the in-

terviews took place – with the exception of one full-time developer who was

unavailable for interview. EyeWire staff work in three distinct teams, situated

in one of three offices with distinct job roles sharing high amounts of intra-office

synergy. For example, the three game masters have specific and distinct tasks

within the project, but work closely together and are highly reliant on one an-

other to successfully complete project tasks. To take full advantage of these syn-

ergies and to ensure greater accuracy and capacity for remembering experiences,

each interview session was conducted with these smaller office-based teams. As

a result, each interview session varied in terms of the number of participants:

1. Community and Project Manager – Responsible for overseeing the project
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and the team, as well as external partnerships and dissemination – This

participant was interviewed alone during interview session one, due to her

wealth of knowledge and greater experience of the project and the nature

of the role as a cross-sectional member of both sub-teams and independ-

ence from the team structure.

2. Designer – Responsible for designing artistic features, interface elements

and the project ‘brand’ as a whole – This participant was interviewed

alongside the developer during interview session two.

3. Developer – Responsible for implementing new game, hardware and soft-

ware elements, resolving system bugs and maintaining the game – This

participant was interviewed during session two alongside the designer.

4. Game Master – Responsible for interacting with the community, planning

and running community-engagement activities and eliciting feedback from

the community. Interviewed during session three.

5. Game Master – Interviewed during session three.

6. Game Master – Interviewed during session three.

Each interview was recorded with permission from participants and re-

cordings were later transcribed for analysis, in line with recommendations for

interview-based research and particularly phenomenological research methods

(Cresswell and Plano Clark, 2018).

Data Analysis

Upon transcription of the interview findings, analytical processes followed a

standard workflow for phenomenological studies (Goulding, 2005; Wojnar and

Swanson, 2007). This workflow, first codified by Collaizzi (1978) is an iterative,

7-stage process which involves the following processes:

1. The researcher reads the interview transcripts numerous times.

2. The researcher identifies key phrases, terminology and statements from

the transcripts which pertain to the phenomenon under study.

3. The researcher assigns meaning to the significant terms and statements

identified in stage 2.
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4. The researcher repeats this process for each participant’s experiences,

clustering common statements and experiences where appropriate.

5. The researcher ‘integrates’ these clusters, commonalities and statements

into a coherent description of the phenomenon under study.

6. The researcher reduces these themes into a description of behaviour or

activity.

7. If necessary, the researcher returns to the research participants to clarify

or request feedback on the codified themes and descriptions.

Each transcript was coded using NVivo, using an iterative, multi-stage pro-

cess. After reading each transcript through multiple times, key phrases and

statements were highlighted for each transcript and compared to ensure consist-

ency. After this, the phrases were clustered into common themes and meanings.

Since these interview findings built upon observations from the literature and

project review processes, these initial themes aligned with themes and areas

from chapters 4 and 5 (see below). After clustering the phrases into themes,

each transcript was read once again and the highlighting process was repeated,

adjusting phrases which no longer fit within the clusters and themes and adding

phrases which fit within the clusters and had not previously been added. The

now finalised clusters were then integrated according to commonalities not only

in the clustering, but in the statements and passages themselves and written up

into summaries of the behaviours and decision making activities exhibited by

participants and the design team.

In accordance with recommendations from the wider literature14 draft ver-

sions of the descriptions and analyses generated from the interviews were sent

to the community manager to request any corrections and highlight any invalid

interpretations of these analyses. No such comments were received from the

team. To ensure validity, where possible, the descriptions and analyses con-

tained within this chapter compare the findings, descriptions and examples

offered by the team with findings from the literature review conducted within

chapter 4.

The findings are presented in chapter 6 grouped according to the final clusters

and themes, which are:

14see for example: Wojnar and Swanson (2007)
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� Project Needs and Success Criteria

– Efficiency and Cost-Effectiveness

– Fun and Engagement

– Public Dissemination and Awareness

� Participant Motivations

– Altruism

– Intrinsic Factors

– Social and Community Factors

– Extrinsic Factors and Rewards

� Online Community Features

– Task Visibility

– Goals

– Feedback

– Rewards

� Role of Sociality

– Game Management

– Enabling Tasks

– Relationship with Productivity

3.6 Study Data and Methodologies - Quantitative

Methods

In contrast to the qualitative methodologies detailed above, chapters 7 and

8 of this thesis draw on quantitative methodologies and concepts, addressing

outstanding questions raised by the results of the initial chapters. These include

hypothesis testing and the calculation of effect sizes, including correlation.
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3.6.1 Hypothesis Testing

Hypothesis tests employ a null hypothesis – a hypothesis in the form of a null

statement, that factor f has no significant impact on population µ (Rouder

et al., 2009). Outcomes are then judged based on statistical trends, often util-

ising the p-value, which represents the probability that a given result would

occur by chance in a given population. For example, a p-value of 0.05 represents

a 5% chance of a given result being seen in a population, or a 5% false positive

rate (Duncan, 1975).

The t-test is the most common test of the statistical significance between

the means of two samples or populations (Fagerland, 2012). The test outcome

– the t-statistic – corresponds to a given p-value based on the normal distribu-

tion (bell curve), such that any t-statistic can be associated with the likelihood

that a result would be observed by chance and the null hypothesis accepted

or rejected on this basis (Rouder et al., 2009). It is a parametric test, which

means it carries certain assumptions about the underlying data that must be

met for the test results to be accurate. In the case of the t-test, the statistical

assumptions are that the data are derived from a normally distributed sample

or population and the robustness or suitability of the test for non-normally dis-

tributed populations – which represent the majority of cases – is a subject of

much research and debate (Johnson, 1978). Moreover, the t-test assumes equal

variances within both samples or populations, although there is a commonly

used alternative known as “Welch’s Approximation” for samples with unequal

variances (McElduff et al., 2010). The formula for the t-test is (Johnson, 1978):

t =
X̄1 − X̄2

s ·
√

1
n1

+ 1
n2

(3.1)

Where X̄1 and X̄2 represent the arithmetic mean of two samples 1 and 2,

n1 and n2 represent the sample size of samples 1 and 2 and s represents the

standard deviation of both samples.

Welch’s equivalent test for unequal variances is given by (Delacre et al.,

2017):

t =
X̄1 − X̄2

s√
s2
1

n1
+

s2
2

n2

(3.2)

Where X̄1 and X̄2 represent the arithmetic mean of two samples 1 and 2, n1
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and n2 represent the sample size of samples 1 and 2, s represents the standard

deviation of both samples and s21 and s22 represent the variance of samples 1 and

2 respectively.

While the t-test is arguably robust for larger sample sizes due to the central

limit theorem15, the test is nonetheless arguably less robust than non-parametric

tests for non-normally distributed samples (Duncan, 1975; Norman, 2010).

There are various non-parametric tests, which are designed and intended for

samples with specific characteristics, such as the sign test, based on the median

of a population, the Wilcoxon Signed Rank Test for the median of the differ-

ences between paired, measurement-based data and the Mann Whitney-U test

for the median of differences between unpaired samples (Rees, 1989). In this

thesis, the sample data are unpaired and do not meet the assumptions of the

t-test and so the Mann Whitney-U test is the most suitable hypothesis test for

this purpose.

The Mann-Whitney U test, generally seen as the nonparametric equivalent

of the t-test, is a test for whether two sampled observations were taken from

the same population and share the same distribution (MacFarland and Yates,

2016; Mann and Whitney, 1947). While not as strong as the t-test, the Mann

Whitney-U test closely approximates the t-test in terms of accuracy, with ap-

proximately 95% of the accuracy of the parametric equivalent, making it one

of the most powerful non-parametric tests (Landers, 1981). For this reason,

the Mann-Whitney U test is best suited for the calculations used in this thesis,

which have variable sample sizes and do not meet the conditions of the t-test.

The formula for the test is given by (Zar, 1996):

U1 = R1 −
n1(n1 + 1)

2
(3.3)

Where U1 represents the U statistic output by the test, R1 represents the

sum of the ranks for sample 1 and n1 represents the sample size of sample 1.

3.6.2 Effect Size

Effect sizes are “the most important outcome of empirical studies,” providing

standardised measures of the impact that a given factor has on a sample or

population, allowing comparisons between the findings of separate studies and

15The theorem that as the size of a population (and associated samples) increases, so the
distribution of the sample approaches the normal distribution (Rosenblatt, 1956)
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also providing vital details to inform subsequent studies within a research area

(Lakens, 2013). In fact, Cohen (1990) suggests that the most significant aim

of hypothesis testing research should not be to report or prove statistical sig-

nificance (i.e., the p value) at all, but rather to report effect sizes. There are

numerous methods for calculating, identifying and reporting effect sizes for stat-

istical tests, many of which are associated with specific processes or situations.

For example, η2 is an effect size most commonly associated with the ANOVA

statistical test (Bakeman, 2005). The purpose of this section is not to outline

each possible measure of effect size, but rather to identify the most significant

measures for this research and to explain and justify their use.

Cohen’s d is a measure of effect size for comparing two conditions, such as

in the case of the t-test (Fritz et al., 2012). It is a parametric statistic, drawing

on the mean and standard deviation of a population to identify effect sizes. Co-

hen and later Sawilowsky (2009) have provided “rules of thumb” that allow for

the conversion of numerical effect sizes into verbal indicators of small, medium

and large effects. The main advantage of the use of d is that it is a commonly

used effect size and is often used to express the results of t-tests due to meet-

ing the same underlying statistical assumptions (Lakens, 2013; Rice and Harris,

2005). As a result, it allows for easy comparison between results, particularly in

the field of psychology where d finds common use (Lakens, 2013).

r is a non-parametric measure of effect size, recommended by Cohen (1988)

for use with non-parametric tests such as the Mann Whitney-U test. Rather

than using the standard U statistic, it is based on the z statistic which may also

be calculated and reported using the Mann Whitney-U test16. It is calculated

using the following equation:

r =
z√
N

(3.4)

Where z is equal to the z-statistic output by the Mann Whitney-U test (or

other nonparametric test) and N is equal to the combined sample size of the

two samples used to calculate z (Fritz et al., 2012). In turn, z can be calculated

16By converting U to z, it is possible to identify the statistical significance p as an outcome
of the test in the same way one could use U. The calculation of z is particularly suited to
comparing two samples where N>8 (Nachar et al., 2008).
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using the following equation:

z =
U − n1n2

2

σU
(3.5)

Where U is the U statistic, n1 and n2 represent the number of observa-

tions in samples 1 and 2 respectively and σU represents the standard deviation

(Nachar et al., 2008).

Although direct calculation of d is unsuitable for nonparametric tests, as

it assumes normality, d can be easily calculated from nonparametric equival-

ent measures of effect size (Fritz et al., 2012). For example, by calculating the

z score, one can then easily infer the measure r from which d can then be cal-

culated. While this is somewhat more work than simply calculating r, it is de-

sirable for this thesis as in revisiting and standardising d, Sawilowsky (2009)

provides 5 categories (very small, small, medium, large and very large respect-

ively), while only 3 categories were specified by Cohen for r and even a relat-

ively small value of just 0.1 is sufficient to be considered a ‘small’ effect size

(Coolican, 2017). It is therefore somewhat simpler to distinguish between oth-

erwise similar effect sizes with d than with r – particularly larger and smaller

effects.

3.6.3 Correlation Coefficients

Correlation examines the degree of a relationship between two or more vari-

ables, with at least one dependent variable and at least one independent variable

(Tashakkori and Teddlie, 2010; Teddlie and Tashakkori, 2009). For the sake of

this thesis, the type of correlation employed will be linear correlation, assum-

ing a linear positive or negative relationship between a single dependent and

single independent variable. This decision is supported by the use of scatter

plots, which demonstrate a broadly linear relationship between the dependent

variable of task contributions and the independent variable of talk contribu-

tions on any given day. There are three commonly employed linear correlation

coefficients, which are described below. While the method for calculating each

correlation coefficient varies, the resulting value in all cases represents a value

on a scale between -1 and 1, where -1 represents a “perfect inverse relationship”

between the dependent and independent variable, while 1 represents a “perfect

direct relationship” (Mukaka, 2012). A value of 0 indicates that there is no lin-

ear relationship between the variables, although even a value other than 0 does
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not necessarily indicate a significant linear relationship between the two vari-

ables, particularly where the sample size is low (see section 3.6.3 below) (Taylor,

1990).

Pearson’s r 17 is arguably the most commonly used correlation coefficient

statistic within statistics. Pearson’s r is a parametric statistic with a calcula-

tion that relies on two sample means and as a result, generally assumes that

the source data points follow a normal distribution (Alexopoulos, 2010). As a

result, the measure is extremely sensitive to outliers and even small amounts of

contamination – as little as 10% and noise within the source data can quickly

lead to high levels of bias in the resulting calculations (Abdullah, 1990).

r =

∑n
i=1(xi − x)(yi − y)√∑n
i=1(xi − x)2(yi − y)2

(3.6)

Spearman’s ρ is a non-parametric measure of correlation between two values.

It is similar to Pearson’s r, but is distinct in that it uses a non-parametric trans-

formation of the two values according to a given function (Fredricks and Nelsen,

2007). As a result, Spearman’s ρ is equal to r, but between ranks rather than

between untransformed values (Rupinski and Dunlap, 1996). Spearman’s ρ is

less sensitive to outliers and extreme data points than Pearson’s r and is more

accurate when the sampled data points are non-normally distributed (Mukaka,

2012):

ρ = 1− 6
∑
d2i

n(n2 − 1)
(3.7)

Kendall’s τ , as with Spearman’s ρ is a non-parametric measure of correla-

tion between two paired values (Long and Cliff, 1997). It represents “the prob-

ability of observing concordant and discordant pairs...rescaled from -1 to 1,”

in the same format as other measures of correlation (Lapata, 2006). τ is less

commonly reported than Spearman’s ρ, but has a number of significant advant-

ages. Firstly, it is significantly less sensitive to outliers than ρ and r (Abdullah,

1990). Moreover, τ is less biased than ρ when the sample or population size is

particularly small (less than 30) or large and is less prone to false negative rates

– rejecting the null hypothesis when it is in fact true – than ρ, in line with the

95% confidence interval (Lapata, 2006; Xu et al., 2013). In turn, the values of τ

reported within the literature are generally lower than those reported for ρ and

17Not to be confused with r as reported previously, which is a distinct measure of effect size
with a similar name but different method of calculation and application.
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r2.

τ =
2S

n(n− 1)
(3.8)

Interpreting Correlation Coefficient Values

Correlation coefficients can be seen as a second form of effect size measure that

is highly dependent on the sampling method and sample used within the un-

derlying calculation (Cohen, 1988). Moreover, while all correlation coefficients

give a value between -1 and 1, the exact calculation and interpretation of this

figure is variable and the outcome from initially similar calculations, such as ρ

and τ can vary greatly based on the sample size and to a lesser extent, distribu-

tion (Lapata, 2006). Fundamental differences in the nature of these measures

therefore make conversions between different correlation coefficients undesir-

able and inaccurate (Walker, 2003). Any interpretation of a correlation coeffi-

cient is therefore highly dependent on the coefficient used, the sample size and

method and the context in which the coefficient is employed and where specific

definitions have been applied to these effect sizes, they are highly disparate –

consider, for example, the 0.14 and 0.5 defined by (Walker, 2003) and (Cohen,

1988) respectively as measures of a “large” effect size. Interpreting correlation

coefficients is therefore a complex process and a one-size-fits-all approach is

likely to lead to interpretation errors.

One solution to this issue is the use of the coefficient of determination r2,

which is equal to the square of Pearson’s r. This represents the percentage of

the variation within the dependent variable that results from variation in the

independent variable and is therefore a somewhat better measure of causation

than the simple correlation coefficient (Taylor, 1990). This measure has a num-

ber of disadvantages, however. Firstly, it is based on linear regression equations,

which assumes a normal distribution of residuals18 and homoscedasticity of data

points, which are themselves similar assumptions to Pearson’s r (Jarque and

Bera, 1980). There are no equivalent values for Spearman’s ρ or Kendall’s τ and

indeed such calculations should not be used as they provide a skewed coefficient

of determination value (Murray, 2013). While calculations have been put forth

to allow the conversion of ρ and τ into r, the underlying assumptions of r and

18Residuals can be considered as errors or unexplained measurements within the data. A
residual is the difference between an observed measurement and the predicted value of that
measurement according to the regression model (Darlington and Hayes, 2016).
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r2 will nonetheless not be met by any such value (Walker, 2003). Moreover, r2

is rarely reported and shares the same issue as the coefficients, in that there

is no commonly defined method for interpreting the results. Certainly for the

purposes of this thesis, the coefficient of determination is unsuitable, as the as-

sumptions concerning normality and homoscedasticity associated with r, r2 and

linear regression cannot be met.

To resolve these issues, for the purposes of this thesis I will use the following

categories to describe the values of the coefficient value, as recommended by

Mukaka (2012):

� Very high correlation - A correlation coefficient of between 0.9 and 1 or

-0.9 and -1.

� High correlation - A correlation coefficient of between 0.7 and 0.9 or -0.7

and -0.9

� Moderate correlation - A correlation coefficient of between 0.5 and 0.7 or

-0.5 and -0.7

� Low correlation - A correlation coefficient of between 0.3 and 0.5 or -0.3

and -0.5

� Negligible correlation - A correlation coefficient of between -0.3 and 0.3

It is, of course, important to underline that correlation does not and must

not be taken to imply causation. Spurious correlation is a very real issue, such

as a somewhat famous example of a given geographical area in which the num-

ber of storks closely correlates with the number of babies born (Grichting, 1992).

The decision to calculate correlation between daily task and talk submissions

within this thesis is based on evidence and findings drawn from the literature

review process described in chapter 4 and the assumption is made on these

grounds that any observed correlation is not spurious. Nevertheless, a causative

relationship between the two factors is not directly assumed, but rather that

any factors that lead to increased levels of task productivity will also drive talk

activity.

3.6.4 Data Extraction

For the hypothesis testing process described in chapter 7, two separate data-

sets were used. The first, extracted directly from the EyeWire API, consisted of
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quantitative values for daily cube and point scores for every volunteer who had

signed into the EyeWire system within the sampled period, which covered Au-

gust 2017 to August 2018, as well as values for each formally recorded competi-

tion which had taken place since 201419. The specific dates sampled were selec-

ted to avoid periods during which the team had offered prizes for participation,

as while the team had not observed a negative effect after removing prizes, it is

likely that there would be a significant effect on participant engagement. Each

day was classified according to one of four categories – days on which minor

competitions were held, days on which major competitions were held, days on

which other kinds of competition were held (e.g,. the Happy Hour) and days

on which no competitions were held. Since the EyeWire API does not provide

timestamps for the submission of individual cubes, more specific information

could not be ascertained regarding when a cube was submitted. Competitions

in EyeWire broadly run from 9am EST on one day to 9am EST on another day.

However, there are factors which encourage participation on competition days

outside of the competition periods. The overall scoring system runs from ap-

proximately midnight to midnight and competition point rewards are counted in

participants’ daily scores; participants can earn bonuses from cubes completed

before the competition commenced if these cubes are scythed or completed by

other players and in the case of the marathon competition in particular, scoring

is somewhat inexact and participants can often continue to earn bonuses after

the marathon has formally closed20. As a result, the hypotheses and analyses

conducted within chapter 7 consider competition days, rather than the specific

competitions themselves, as separating out the specific competition score within

EyeWire from work consciously done by participants outside of competition

times is not possible.

The project data for the high-pressure projects detailed in chapter 8 were

received directly from a member of the Zooniverse management team. These

consisted of four database files, with the first two files covering task submissions

and talk comments respectively made between the 28th of March and the 3rd of

April 2017, while the second files covered task submissions and talk comments

19This represents the date when competitions were formally integrated into the EyeWire
code-base. Before this point, competition infrastructure was artificial and relied on external
tools and technologies.

20The marathon competition class is sometimes extended beyond 24 hours and the scoring,
unlike other competition classes, is not performed live as the scores shown in the integrated
leaderboard are manually updated periodically and are therefore not necessarily reflective of a
participants’ true score.
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respectively between the 3rd of April and the 7th of April, 2017. Each file was

first filtered using the software program Open Refine, to remove the large num-

ber of irrelevant data points from each file, such that only the submissions from

each of the two desired projects remained.

Both task submission files contained the following fields:

� ID - An individual ID for each classification

� Source - Since all projects now use the Panoptes platform within Zooni-

verse, each source was identical and this field was removed

� Created At - A timestamp detailing the date and time at which each clas-

sification was made

� Country Code - The country code for the location from which the submis-

sion was made

� Country Name - The name of the country covering the location from

which the submission was made

� Project ID - The four-digit code of the project to which the submission

was made

� Subject ID - The eight-digit code detailing the asset to which the submis-

sion corresponds

� Subject URL - The URL of the asset to which the submission corresponds

� User ID - A pseudonymous unique code assigned to each user, which could

not be connected to an individual user’s username or personal information

� Workflow ID - This field overlapped in all cases with the Project ID field

and was also removed

The talk comment files contained the following fields:

� ID - An individual ID for each comment

� Source - As with the task submission files, this simply identified that the

submission was made through the Panoptes system and this field was

deleted



84 3. Methodological Approach

� Board ID - The sub-board (e.g., science/help/chat) within which a com-

ment was made. Each project has at least 4 sub-boards.

� Body - The content of the comment

� Body HTML - The content of the comment in HTML format

� Created At - A timestamp detailing the date and time at which each com-

ment was made

� Discussion ID - An individual numerical identifier attached to each thread,

such that a parent comment and all replies share a single Discussion ID

� Focus ID - Identical to Subject ID above. Only given where Focus Type is

not null.

� Focus Type - Either subject or null, depending on whether the participant

is commenting with regard to a specific asset or not.

� Country Code - The country code for the location from which the submis-

sion was made

� Country Name - The name of the country covering the location from

which the submission was made

� Project ID - The four digit code of the project to which the submission

was made

� Section - Indicates whether a comment was made through a project or

through the central Zooniverse talk page.

� Subject Created At - A timestamp showing when the asset was uploaded

to the Panoptes system

� Subject Image - URL of image, but distinct from Subject URL above

� URL - The URl of the specific comment within the Zooniverse site

� User ID - As above
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3.7 Summary and Conclusions

This chapter has set out the philosophical and methodological concepts and

principles to be followed throughout this thesis: mixed methods and pragmat-

ism, both in the context of philosophy and of pragmatist research. I have de-

scribed both the qualitative and quantitative methods to be used in each of the

five following chapters, as well as the associated data collection and analysis pro-

cesses. The following chapter draws on the qualitative literature review method

to present the first of the five contributions of this thesis.
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Count Category Description

70 Applications Publications describing applications of VCS projects or activities

4 Crowdsourced Science Publications describing crowdsourced science broadly

42 Duplicates Repeated publications

43 Examples Publications using VCS as an example of an idea or concept

10 Fringe VCS Topics Publications describing irrelevant VCS topics (e.g., public
dissemination)

188 Irrelevant Publications with no relevance and reference to VCS

71 Methodology VCS as methodology only

3 My Publications Publications where I am an author

39 Not English Publications written in a language other than English

51 Not Peer Reviewed Publications which could not be confirmed as having been peer
reviewed

62 Not Research Articles Publications which were not scientific research articles (e.g., news,
reviews)

118 Offline Publications focussed on offline forms of Citizen Science

130 Other Crowdsourcing Publications discussing other forms of crowdsourcing

11 Other Related Publications discussing other, similar activities (e.g., open science,
VGI)

99 Results Publications only presenting the results of a VCS project or projects

16 Search Error Incomplete or missing records, including books with no reference to
chapter or section

18 Social Media Publications detailing scraping social media for CS data, with
passive participation from volunteers

133 Specific Projects Publications discussing specific VCS projects

19 Specific Tools/Technology Publications detailing specific tools such as smartphones

39 Use Cases Use cases of VCS-derived data

7 Volunteer Computing Publications detailing volunteer computing initiatives

Table 3: Stage one literature review results.
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Count Category Description

5 Ambiguous Publications with ambiguous findings which may apply only to
offline CS

1 Applications Publications describing applications of VCS projects or activities

1 Contradiction Publications which contradicted findings of multiple sampled
research papers

8 Duplicates Repeated publications

9 Inaccessible Publications which could not be accessed

15 Incomplete/Towards Publications which represent incomplete or immature research

18 Irrelevant Publications with no relevance to research topics

5 Little Contribution Publications lacking a significant contribution or message

1 Methodology Publications drawing on VCS methodologies

1 No VCS Publications with no discussion of VCS

61 Offline Publications which discuss only offline CS

5 Opinion Publications which represent opinion or editorial pieces

12 Other Crowdsourcing Publications concerned with other forms of crowdsourcing

8 PhD Thesis Publications which represent draft or accepted PhD theses

11 Presentation Publications representing presentations rather than published
articles

9 Technical Report Publications which take the form of a technical report

12 Specific Projects Publications discussing specific VCS projects

1 Volunteer Computing Publications detailing volunteer computing initiatives

5 Workshop Workshop papers

Table 4: Stage two literature review results.





Chapter 4

Characterising Virtual Citizen

Science

Before commencing with an examination of the impact of sociality on productiv-

ity within Virtual Citizen Science (VCS), it is first necessary to better under-

stand what VCS is. How are VCS projects designed and implemented? What

patterns of behaviour are typical within VCS? What factors motivate particip-

ation? What form does sociality take? It would be impossible to identify the

impact of sociality in VCS without an understanding of these questions. Thus,

this chapter addresses research question 1: how is Virtual Citizen Science under-

stood and realised today? As illustrated in figure 5, this step used a systematic

review of VCS literature to understand the state of VCS research, the methodo-

logy of which is described in section 3.5.

This chapter is structured as follows. In section 4.3, I outline the sixty one

publications identified and analysed through the literature review process, fol-

lowed by a summary of the projects extracted from these publications in Section

4.4. The main findings and outcomes are then synthesised and presented across

four main themes. Section 4.5 outlines significant design challenges associated

with VCS within the literature and solutions and features that have been pro-

posed to address these issues. A central element of VCS is the use of volunteer

effort, rather than paid participants, and the factors that motivate participation

and format that this activity takes are core to VCS as a methodology. Sections

4.6 and 4.7 therefore outline the motivational factors and engagement patterns

associated with VCS projects. Finally, it is necessary to understand sociality

and social features within VCS projects, which is addressed in section 4.8. A

89
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Literature Review
(Chapter 4)

Project Review
(Chapter 5)

Interview Sessions
(Chapter 6)

Competition Analysis
(Chapter 7)

High-Pressure Projects
(Chapter 8)

Synthesis
(Chapter 9)

RQ1: How is Virtual Citizen Science 
understood and realised today?

RQ2: What Online Community tools 
and features are present in Virtual 
Citizen Science projects?

RQ3: How do task-based social events 
influence task completion in VCS 
projects?

RQ4: To what extent is engagement in 
discussion associated with increased 
engagement in task completion?

Figure 5: The first study used a systematic review to understand current research on Virtual Citizen
Science.

full list of all the publications identified during the literature review process and

the categories to which they were assigned can be seen in appendix A and B.

4.1 Further Clarification of Scope

As demonstrated by chapter 2, there are implicit and explicit contradictions

within the literature with regard to the definition of Virtual Citizen Science.

The definition described by Wiggins and Crowston (2011) of an online only, act-

ive process contradicts the citizen sensing and volunteer computing categories

defined by Haklay (2013) and also the data collection category described by

Tinati et al. (2015b). Similarly, the social machines paradigm and its applicabil-

ity to VCS strongly contradicts the view of VCS as a passive or administrative

process on the part of volunteers – such as is the case in citizen sensing or vo-

lunteer computing. In turn, publications identified during the literature process

described an ‘unaware’ Citizen Science process where statements or data pub-

lished by unwitting members of the general public on social media channels are

harvested and used for scientific purposes – a process which strongly contradicts

aspects of each of these paradigms, particularly in terms of conscious volunteer-

based and volunteer-led activities.

It would be impossible to consider each of these competing definitions and

a single, working definition of VCS is essential to the accuracy of the work con-
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ducted within this research, including within the literature review described in

this chapter. On this basis and for the sake of this thesis, the working definition

of VCS will be that described by Wiggins and Crowston – an active, crowd-

sourced process almost entirely conducted within a virtual space such as a

website, designed explicitly for such a purpose, in which all participants

knowingly partake on a volunteer basis. This is also the definition that

best provides for and limits the scope of sociality within VCS initiatives. In

particular, offline and social media based channels raise the possibility of unob-

servable interactions while passive processes such as volunteer computing and

citizen sensing strongly limit opportunities for interaction between sociality and

task completion.

4.2 Theme Selection

The aim of this literature review is to identify how Virtual Citizen Science is

understood and realised today. To that end, the literature sources have been

selected and categorised into common themes to understand separate aspects

of the characteristics and implementation of VCS initiatives. As previously

identified, irrelevant sources or findings which were highly contradictory or did

not deal with VCS have been removed from this review. Sources removed in this

way can be seen in appendix A and appendix B.

The first of these themes describes the types of data available to volunteers

and the types of activity that they must complete within VCS tasks, as well as

the domains associated with these projects. This theme is particularly import-

ant to conceptualise and describe commonalities within VCS projects and to

expand on the characteristics described in chapter 2 with regard to the limits of

VCS and how it can be distinguished from other citizen science activities.

Following this, it is necessary to consider the design challenges that are as-

sociated with VCS initiatives. This second theme summarises the specific issues

that are the focus of wider research in terms of the design and implementation

of VCS crowdsourcing platforms. Each of these design challenges has been decis-

ive in shaping the format and features associated with VCS, while also serving

to contextualise the broader literature considered and issues raised throughout

this thesis.

If the aim of this thesis is to consider a potential relationship between social

activity and productivity in VCS, then it is crucial to identify the factors that
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cause volunteers to engage in VCS projects. The third theme identifies the most

commonly cited motivational factors within the literature from across projects,

arranged into categories based on the terminology within the wider literature.

This is followed by a summary of engagement patterns and behaviour within

VCS, to understand how these motivations translate into volunteer activity and

to serve as a baseline with which to compare findings surrounding increased

productivity.

Finally, this review outlines the role and nature of sociality and opportun-

ities for interaction within VCS, as outlined by the literature. In particular,

the theme considers the forms and types of interaction available to volunteers

within VCS and the platforms that facilitate this interaction, the motivations as-

sociated with this interaction (to the extent that they differ from the motivation

to participate at all in VCS) and the links suggested between task completion

and discussion activity. Ultimately, this theme serves to identify the related

work and research conducted so far within this area, but also as a means with

which to validate and compare later findings and to ensure that later analysis

does not stray outside the bounds of VCS interaction.

4.3 Literature Results

In total 61 publications adhered to the inclusion criteria set out in chapter 3

and were therefore selected for analysis and review. Table 5 includes a full list

of each of the sampled publications, along with the source (either conference

or journal paper), methodology (and where appropriate sample size) and main

contributions of the paper. A small number of authors are listed multiple times,

but these publications represent distinct research topics and findings with rel-

evance and significance to VCS. Most notably, Nov et al. (2011a), Nov et al.

(2011b) and Nov et al. (2014) are ambiguous but appear to use the same survey

results given the low likelihood that an identical sample size and response rate

would occur in three distinct studies of the same project. Since each of these

publications makes distinct contributions and comparisons with regard to other

projects and the wider field, all three publications were included in the final

literature sample.
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Table 5: Results of systematic review of Virtual Citizen Science literature.

Reference Publication
Source

Methodology (Sample Size) Key Findings

Baruch et al.
(2016)

Journal Survey (N=2329, 166, 188), Forum Observation
(N=60), Interview (N=6, 1)

Motivation (Altruism, Learn-
ing), Barriers (Poor asset
quality)

Bauer and
Popovic (2017)

Conference Quantitative Analysis - Task Submissions
(N=179,723)

Design - Contributions, Accur-
acy

Cappa et al.
(2016)

Journal Experiment (N=85) Motivation (Learning), Sociality

Cox et al.
(2015c)

Journal Quantitative Analysis - Task Submissions,
Outputs

Evaluation

Cox et al.
(2015a)

Journal Survey (N=1985), Quantitative Analysis - Task
Submissions

Motivation

Crall et al.
(2017)

Journal Web-based Experiment (N=254,101) Design - Recruitment, Reten-
tion

Crowston et al.
(2018)

Conference Case Study Design - Facilitating

Curtis (2015a) Journal Forum Observation, Task Observation, Survey
(N=37), Interview (N=10)

Motivation (Altruism, Intrinsic)

Darch (2017) Journal Case Study Design - Recruitment, Encour-
aging Contributions

Desell et al.
(2015)

Journal Web-based Experiment (N=456) Design - Encouraging Contribu-
tions, Accuracy, Recruitment

Diner et al.
(2018)

Journal Experiment (N=140) Design - Encouraging Contribu-
tions

Eveleigh et al.
(2014)

Conference Survey (N=299), Quantitative Analysis - Task
Submissions

Motivations, Engagement

Fernandez-
Marquez et al.
(2016)

Journal Quantitative Analysis - Task Submissions Motivations, Engagement

Greenhill et al.
(2014)

Journal Virtual Ethnography, Interview (N=16), Content
Analysis

Motivations, Engagement,
Design - Contributions

Gugliucci et al.
(2014)

Conference Survey (N=334) Motivations (Altruism, In-
trinsic)

Iacovides et al.
(2013)

Conference Interview (N=8) Motivations (Intrinsic), Design -
Gamification

Jackson et al.
(2014)

Conference Interview (N=3) Motivation, Design - Retention,
Sociality

Jackson and
DeVries (2015)

Conference Quantitative Analysis - Task Submissions Design - Recruitment, Reten-
tion

(Continued)
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Reference Publication
Source

Methodology (Sample Size) Key Findings

Jackson et al.
(2016a)

Conference Web-based Experiment (N=3,553) Design - Recruitment, Contri-
butions

Jackson et al.
(2016c)

Conference Web-based Experiment (N=6,354) Design - Contributions

Jackson et al.
(2016b)

Conference Virtual Ethnography Design - Recruitment, Reten-
tion

Jackson et al.
(2017)

Conference Quantitative Analysis - Task Submissions,
Interview (N=4)

Design - Facilitating

Jackson et al.
(2018)

Conference Trace Ethnography Design - Contributions

Jay et al.
(2016)

Conference Web-based Experiment (N=1511) Design - Contributions

Jennett et al.
(2013)

Conference Interview, Participant Observation Sociality

Jennett et al.
(2014)

Journal Interview (N=8), Focus Group Motivation

Kaufman et al.
(2016)

Conference Experiment (N=141) Motivation, Design - Recruit-
ment, Contributions

Kosmala et al.
(2016)

Journal Literature Review Design - Accuracy

Laut et al.
(2016)

Journal Experiment (N=120) Design - Contribution

Lee et al.
(2017)

Conference Experiment (N=36,513) Design - Recruitment

Lee et al.
(2018)

Journal Web-based Experiment (N=3616) Design - Recruitment, Motiva-
tion

Luczak-Roesch
et al. (2014)

Conference Content Analysis, Quantitative Analysis - So-
ciality

Sociality

Mao et al.
(2013a)

Conference Web-based Experiment (N¿200) Design - Contribution

Mao et al.
(2013b)

Conference Virtual Ethnography Engagement, Design - Contri-
bution, Retention

Morais et al.
(2013)

Journal Quantitative Analysis - Task Submissions
(N=146,669)

Engagement Design - Recruit-
ment, Retention

Mugar et al.
(2014)

Conference Virtual Ethnography Sociality

Mugar et al.
(2015)

Conference Virtual Ethnography, Interview (N=21) Sociality

(Continued)
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Reference Publication
Source

Methodology (Sample Size) Key Findings

Nov et al.
(2011a)

Conference Survey (N=139) Motivation (Collective)

Nov et al.
(2011b)

Conference Survey (N=139) Motivation, Engagement

Nov et al.
(2014)

Journal Survey (N=139) Motivation

Ponti et al.
(2018)

Journal Virtual Ethnography Motivation, Sociality

Prestopnik
et al. (2014)

Conference Quantitative Analysis - Task Submissions
(N=900)

Engagement, Design - Accur-
acy

Prestopnik
et al. (2017)

Journal Quantitative Analysis - Task Submissions
(N=4174)

Design - Recruitment, Reten-
tion, Accuracy

Raddick et al.
(2013)

Journal Survey (N=10,991) Motivation (Intrinsic, Altruism)

Reed et al.
(2013)

Conference Survey (N=199) Motivation

Rotman et al.
(2012)

Conference Survey (N=142) Motivation (Collectivism, Altru-
ism)

Rotman et al.
(2014)

Conference Interview (N=44) Motivation

Sauermann
and Franzoni
(2015)

Journal Quantitative Analysis - Task Submissions Engagement

Segal et al.
(2015)

Conference Survey (N=257), Quantitative Analysis - Task
Submissions, Interview (N=1,679)

Design, Retention

Spiers et al.
(2018)

Conference Quantitative Analysis Engagement

Sprinks et al.
(2014)

Conference Experiment (N=30) Design - Accuracy

Sprinks et al.
(2017)

Journal Experiment, Survey (N=30) Design - Accuracy

Tinati et al.
(2014)

Conference Quantitative Analysis - Task and Sociality
(N=2928)

Engagement, Sociality

Tinati et al.
(2015a)

Conference Quantitative Analysis - Task and Sociality
(N=98,224)

Engagement, Sociality

Tinati et al.
(2015b)

Conference Interview (N=2) Design

Tinati et al.
(2017b)

Conference Survey (N=1365), Virtual Ethnography Sociality, Motivation

(Continued)
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Reference Publication
Source

Methodology (Sample Size) Key Findings

Tinati et al.
(2017a)

Journal Survey (N=1505) Motivation (Altruism)

Heaton and
Torres (2015)

Journal Virtual Ethnography, Interview (N=8) Design - Engagement

Wald et al.
(2015)

Journal Platform Survey Design - Recruitment, Reten-
tion

Woodcock
et al. (2017)

Journal Interview (N=23, 19), Virtual Ethnography Motivation

Zhou et al.
(2017)

Conference Experiment (N=506), Survey (N=100) Design - Recruitment

4.4 Tasks and Assets
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Table 6: VCS projects identified from the literature review sample.

Name Status URL Domain Asset Task

Ancient Lives Active https://www.ancientlives.org Archaeology, Humanities Image Linking, Transcription

Andromeda
Project

Retired https://www.andromedaproject.org Astrophysics Image Mapping

Artigo Active https://www.artigo.org Art History, Humanities Image Cataloguing

Asteroid Zoo Retired https://www.asteroidzoo.org/ Astrophysics Image Mapping

Bat Detective Active https://www.batdetective.org/ Biology, Ecology Sound/Graph Categorising, Contextualising,
Mapping

Brooklyn Atlantis Ambiguous www.brooklynatlantis.poly.edu Hydrology Image Categorising

CamClickr Retired http://watch.birds.cornell.edu/
CamClickr/

Ecology, Ornithology Image Categorising

Cell Slider (AKA
Click-To-Cure)

Retired https://www.cellslider.net/ Biology, Oncology Image Categorising

Chicago Wildlife
Watch

Active
(Relaunch)

https://www.zooniverse.org/
projects/zooniverse/chicago-
wildlife-watch

Ecology Image Categorising

Citizen Sky Retired N/A (No longer available) Astrophysics Unknown Unknown

Citizen Sort Active https://citizensort.org/ Biology, Ecology, Computer Sci-
ence

Image Linking, Categorising

Condor Watch Active https://www.condorwatch.org/ Biology, Ecology Image Cataloguing

CosmoQuest Active https://cosmoquest.org/ Astrophysics Image Mapping

(Continued)

https://www.ancientlives.org
https://www.andromedaproject.org
https://www.artigo.org
https://www.asteroidzoo.org/
https://www.batdetective.org/
www.brooklynatlantis.poly.edu
http://watch.birds.cornell.edu/CamClickr/
http://watch.birds.cornell.edu/CamClickr/
https://www.cellslider.net/
https://www.zooniverse.org/projects/zooniverse/chicago-wildlife-watch
https://www.zooniverse.org/projects/zooniverse/chicago-wildlife-watch
https://www.zooniverse.org/projects/zooniverse/chicago-wildlife-watch
https://citizensort.org/
https://www.condorwatch.org/
https://cosmoquest.org/
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Name Status URL Domain Asset Task

Cropland
Capture

Active https://www.geo-wiki.org Various Image Categorising

Crowcrafting Active https://crowdcrafting.org/ Various Various Various

Cyclone Center Active https://www.cyclonecenter.org/ Meteorology Image Categorising, Linking

Disk Detective Active https://www.diskdetective.org/ Astrophysics Image Categorising

EteRNA Active https://eternagame.org/web/ Biology Game Linking, Puzzle Solving

EyeWire Active https://eyewire.org/explore Biology Game Mapping

Floating Forests Active
(Relaunch)

https://www.zooniverse.org/
projects/zooniverse/floating-
forests

Biology Image Mapping, Categorising

FoldIt Active https://fold.it Biology Game Puzzle Solving

Forgotten Island Active https://citizensort.org/web.php/
forgottenisland

Biology, Ecology Image Linking

Galaxy Zoo Active https://www.zooniverse.org/
projects/zookeeper/galaxy-zoo/

Astrophysics Image Categorising

Galaxy Zoo Bar
Lengths

Retired https://www.zooniverse.org/
projects/vrooje/galaxy-zoo-bar-
lengths

Astrophysics Image Categorising

Galaxy Zoo
Hubble

Retired http://hubble.galaxyzoo.org Astrophysics Image Categorising

Galaxy Zoo
Mergers

Retired http://mergers.galaxyzoo.org/ Astrophysics Image Categorising

(Continued)

https://www.geo-wiki.org
https://crowdcrafting.org/
https://www.cyclonecenter.org/
https://www.diskdetective.org/
https://eternagame.org/web/
https://eyewire.org/explore
https://www.zooniverse.org/projects/zooniverse/floating-forests
https://www.zooniverse.org/projects/zooniverse/floating-forests
https://www.zooniverse.org/projects/zooniverse/floating-forests
https://fold.it
https://citizensort.org/web.php/forgottenisland
https://citizensort.org/web.php/forgottenisland
https://www.zooniverse.org/projects/zookeeper/galaxy-zoo/
https://www.zooniverse.org/projects/zookeeper/galaxy-zoo/
https://www.zooniverse.org/projects/vrooje/galaxy-zoo-bar-lengths
https://www.zooniverse.org/projects/vrooje/galaxy-zoo-bar-lengths
https://www.zooniverse.org/projects/vrooje/galaxy-zoo-bar-lengths
http://hubble.galaxyzoo.org
http://mergers.galaxyzoo.org/
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Name Status URL Domain Asset Task

Galaxy Zoo
Quench

Retired
(Unsuccessful)

https://quench.galaxyzoo.org Astrophysics Image Categorising

Galaxy Zoo
Supernova

Retired N/A Astrophysics Image Categorising

Gravity Spy Active https://www.zooniverse.org/
projects/zooniverse/gravity-spy

Astrophysics Graph Categorising

Higgs Hunters Active https://www.higgshunters.org/ Particle Physics Graph Mapping

Ice Hunters Retired N/A Astrophysics Image Categorising

iSpot Nature Active https://www.ispotnature.org/ Ecology Image Creating Content, Categorising

Microplants Active http://microplants.fieldmuseum.org/ Biology Image Mapping, Cataloguing

Microscopy
Masters

Retired https://www.zooniverse.org/
projects/jbrugg/microscopy-
masters

Biology Image Mapping

Moon Zoo Retired https://www.moonzoo.org/ Astrophysics Image Mapping

NEEMO Retired https://neemo.zooniverse.org/ Astrophysics Image Categorising

Notes from
Nature

Active https://www.notesfromnature.org/ Various (Predominantly Biology) Image, Text Transcription

Old Weather Active
(Relaunch)

https://www.oldweather.org/ Meteorology Text Transcription

Operation War
Diary

Active https://www.operationwardiary.org/ History Text Transcription

Penguin Watch Active https://www.penguinwatch.org Ecology Image Categorising, Cataloguing

(Continued)

https://quench.galaxyzoo.org
https://www.zooniverse.org/projects/zooniverse/gravity-spy
https://www.zooniverse.org/projects/zooniverse/gravity-spy
https://www.higgshunters.org/
https://www.ispotnature.org/
http://microplants.fieldmuseum.org/
https://www.zooniverse.org/projects/jbrugg/microscopy-masters
https://www.zooniverse.org/projects/jbrugg/microscopy-masters
https://www.zooniverse.org/projects/jbrugg/microscopy-masters
https://www.moonzoo.org/
https://neemo.zooniverse.org/
https://www.notesfromnature.org/
https://www.oldweather.org/
https://www.operationwardiary.org/
https://www.penguinwatch.org
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Name Status URL Domain Asset Task

Phylo Active https://phylo.cs.mcgill.ca/ Biology Game Puzzle Solving, Linking

Planet Four Active https://www.planetfour.org/ Astrophysics Image Mapping

Planet Four
Craters

Active https://craters.planetfour.org/ Astrophysics Image Categorising, Mapping

Planet Hunters Active
(Relaunch)

https://www.planethunters.org/ Astrophysics Graph Mapping

Plankton Portal Active https://www.planktonportal.org/ Biology Image Mapping

Quantum Moves On Hold https://www.scienceathome.org/
games/quantum-moves/

Physics Game Puzzle Solving

Radio Galaxy
Zoo

Active
(Relaunch)

https://radio.galaxyzoo.org/ Astrophysics Image Mapping

Scistarter Active https://scistarter.com/ Various Various Various

Seafloor
Explorer

Retired https://www.seafloorexplorer.org/ Marine Biology Image Categorising, Mapping

Season Spotter Active http://seasonspotter.org/ Biology Image Categorising, Mapping

Snapshot
Serengeti

Active
(Relaunch)

https://www.zooniverse.org/
projects/zooniverse/snapshot-
serengeti

Ecology Image Categorising

Solar
Stormwatch

Retired* N/A Astrophysics Image, Video Classifying, Mapping, Categor-
ising

SpaceWarps Active
(Relaunch)

https://spacewarps.org Astrophysics Image Categorising, Mapping

Stardust@Home Active http://stardustathome.ssl.berkeley.edu/Astrophysics Image, Video Categorising, Mapping

(Continued)

https://phylo.cs.mcgill.ca/
https://www.planetfour.org/
https://craters.planetfour.org/
https://www.planethunters.org/
https://www.planktonportal.org/
https://www.scienceathome.org/games/quantum-moves/
https://www.scienceathome.org/games/quantum-moves/
https://radio.galaxyzoo.org/
https://scistarter.com/
https://www.seafloorexplorer.org/
http://seasonspotter.org/
https://www.zooniverse.org/projects/zooniverse/snapshot-serengeti
https://www.zooniverse.org/projects/zooniverse/snapshot-serengeti
https://www.zooniverse.org/projects/zooniverse/snapshot-serengeti
https://spacewarps.org
http://stardustathome.ssl.berkeley.edu/
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Name Status URL Domain Asset Task

Sunspotter Active https://www.sunspotter.org/ Astrophysics Image Categorising

Supernova
Hunters

Active https://www.zooniverse.org/
projects/dwright04/supernova-
hunters

Astrophysics Image Categorising

The Milky Way
Project

Active https://www.zooniverse.org/
projects/povich/milky-way-
project

Astrophysics Image Mapping

Tomnod Active https://www.tomnod.com/ Various Image Various

Transcribe
Bentham

Active http://www.transcribe-
bentham.da.ulcc.ac.uk/td/
Transcribe Bentham

Art History Text Transcription

Virtual Atom
Smasher

Active http://test4theory.cern.ch/about/ Particle Physics Game Puzzle Solving

Whale FM Retired https://whale.fm/ Biology Sound Linking

Wildcam
Gorangosa

Active https://www.wildcamgorongosa.org Ecology Image Categorising

Wildlife@Home Active https://csgrid.org/csg/wildlife/ Ecology Video, Image Categorising, Mapping

Worm Watch
Lab

Active
(Relaunch)

https://www.wormwatchlab.org/ Biology Video Mapping

ZenTag Active https://tiltfactor2.dartmouth.edu/
zentag

Humanities Image Collaborative Tagging

Zooniverse Active https://www.zooniverse.org/ Various Various Various

https://www.sunspotter.org/
https://www.zooniverse.org/projects/dwright04/supernova-hunters
https://www.zooniverse.org/projects/dwright04/supernova-hunters
https://www.zooniverse.org/projects/dwright04/supernova-hunters
https://www.zooniverse.org/projects/povich/milky-way-project
https://www.zooniverse.org/projects/povich/milky-way-project
https://www.zooniverse.org/projects/povich/milky-way-project
https://www.tomnod.com/
http://www.transcribe-bentham.da.ulcc.ac.uk/td/Transcribe_Bentham
http://www.transcribe-bentham.da.ulcc.ac.uk/td/Transcribe_Bentham
http://www.transcribe-bentham.da.ulcc.ac.uk/td/Transcribe_Bentham
http://test4theory.cern.ch/about/
https://whale.fm/
https://www.wildcamgorongosa.org
https://csgrid.org/csg/wildlife/
https://www.wormwatchlab.org/
https://tiltfactor2.dartmouth.edu/zentag
https://tiltfactor2.dartmouth.edu/zentag
https://www.zooniverse.org/
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Upon completion of the sampling process, each publication was reviewed to

identify any VCS projects described or analysed within each source. A total of

66 projects were found to fit the criteria outlined previously by Wiggins and

Crowston (2011). These can be seen in Table 6, along with the project status

(active or retired), URL (if still available), scientific field as described in the

literature sources, asset type and task processes. As there is no common vocab-

ulary for describing VCS tasks, these are described based on the typology out-

lined by Dunn and Hedges (2013), which is intended to cover digital humanities

crowdsourcing, but which adequately describes and defines all of the task pro-

cesses used within these projects:

1. Cataloguing - Adding metadata to describe and explain assets. A more

free process than categorising.

2. Categorising - Assigning assets to one or more categories.

3. Collaborative Tagging - Working alongside another player to offer categor-

ising tags to an asset at the same time, generally in a game-based manner.

4. Contextualising - Adding metadata to place assets within a given context.

More involved and complex than cataloguing.

5. Linking - Drawing links between two or more assets of a similar nature or

with similar content.

6. Mapping - Identifying structures within images and tracing these onto the

asset.

7. Transcription - Digitising text from images or physical pages.

In addition to this, I also add the puzzle solving task type, which refers to

gamified projects where the asset used is a puzzle or puzzle-like task. These

activities do not map well to the other task types described by Dunn and Hedges

(2013), although they could potentially be seen as reviewing tasks where the

participant reviews solutions so that they can be built on by an algorithm.

The iSpot Nature project is a notable exception within this list, as it fea-

tures both investigative and virtual features, encouraging participants to take

images of wildlife in their local area, before uploading these to the platform for

other volunteers to classify. Since it is possible for participants to contribute en-

tirely through a virtual portal and in an active manner, the project was deemed
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to meet the criteria of a VCS project and was therefore also included. Many of

the projects had been retired and relaunched – where this has happened, the

information included represents the project as it stood before being relaunched.

This was because the publications generally dealt with the project in its previ-

ous form, or did not offer sufficient information about the relaunched project

to offer entirely up-to-date details or to identify any differences. There was

little information about Citizen Sky within the literature and no web presence

remained for the project and it was therefore not possible to ascertain the as-

sets or task processes involved within the project – the project is included here

simply in the interests of completeness.

Despite the apparent diversity of Citizen Science as a field as suggested by

Kullenberg and Kasperowski (2016), the projects mentioned within the sampled

literature largely share a small number of specific common features. In terms

of scientific domain, just nine domains were represented by the projects men-

tioned within each publication. The majority of these (25 projects) correspond

to astrophysics, predominantly from the Zooniverse platform, which is perhaps

unsurprising given that Galaxy Zoo was a pioneering project within VCS and

Zooniverse volunteers have shown the tendency to contribute to projects from

the same domain (Luczak-Roesch et al., 2014). The second largest group (18

projects) corresponds broadly to the biological sciences – either ecology (11),

medicine (6) or marine biology (1). Beyond the two largest domains, there are

also projects from the humanities generally and more specifically, history and

art history, as well as particle physics and hydrology. On the one hand, these

results are clearly skewed towards the chosen methodology, which in drawing on

peer-reviewed, published research is partially incompatible with the slow rate

of publication associated with Citizen Science projects (Theobald et al., 2015).

However, indications from the Zooniverse platform indicate just one further do-

main not identified using the literature review process – social science, as well as

the “language” category as a specific form of humanities-based VCS research.

With regard to assets, six varieties were identified - images, video, text,

graphs, sound recordings and game-based activities. Despite this, the vast ma-

jority of projects used images, including automated camera-trap images, satel-

lite imagery and images sourced from scientific equipment such as the Sloan

Digital Sky Survey. Six projects used a game-based interface, although each

project used a different, custom interface from more gamified, puzzle-based

activities in the case of EteRNA and Phylo, to more complex and less clearly
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game-based activities in the case of EyeWire and FoldIt. Four projects used

exclusively text-based assets for transcription tasks, which were distinct from

images, as although each was delivered to participants in the form of an image,

the underlying asset in these cases represented a physical piece of paper, such

as a ship log-book, diary or museum exhibit record. Just two projects use audio

recordings and these are both earlier Zooniverse projects (Tinati et al., 2015b).

Four projects used videos, but in the case of Stardust@Home, the function of

the video was predominantly to group together several images to correct issues

with the resolution stemming from the microscope used to collect asset images

and so these were not videos in the same sense as those used within the other

three projects. A further four projects used graphs representing data recorded

from astrophysical phenomena, although there is no reason to believe that such

assets could not be applied in other contexts.

Each of the projects only corresponded to the contributory category outlined

in chapter 2, with participants contributing only to the data analysis process.

EteRNA advertises the opportunity for volunteers to contribute to scientific

publications, but this was not mentioned within the sampled publications. One

notable exception to this was Galaxy Zoo Quench, which intended to offer par-

ticipants the opportunity to contribute to all stages of the scientific research

process, gathering data (by analysing assets), analysing the results of this pro-

cess and then preparing and publishing these findings, similar to a collaborative

project (Crowston et al., 2018). Unfortunately, however, the project did not

proceed beyond the second phase – analysing the results of the crowdsourcing

process – largely due to the difficulty of the task and the lack of explicit man-

agement and leadership among the project participants (Crowston et al., 2018).

This suggests that it may be extremely difficult for a VCS project to success-

fully employ a collaborative or extreme Citizen Science methodology, except

in cases where the size of the active community is very small. Moreover, the

Galaxy Zoo Quench project was far from an extreme Citizen Science project, as

participants were provided with a pre-defined research question and materials,

selected to facilitate crowdsourcing processes (Crowston et al., 2018).

4.5 Design Challenges

The majority of the sampled publications dealt with empirical observations

and experiments with regard to how best to design and implement VCS pro-
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Figure 6: About page from the EteRNA project, advertising the opportunity for participants to suggest
experiments and contribute to research publications

jects surrounding four design challenges: accuracy and data quality; maximising

contributions and productivity; participant recruitment and finally participant

retention. Although not all of these challenges directly relate to issues of pro-

ductivity, many of the solutions proposed have a direct effect on the workload

expected of volunteers and a knock-on effect in terms of the importance of max-

imising volunteer efficiency and effort.

4.5.1 Accuracy and Data Quality

Maximising the accuracy of submissions to VCS projects is an essential and fun-

damental area of design-based research. In fact, one of the factors motivating

the use of human-in-the-loop processes within VCS is the low performance and

lack of accuracy associated with algorithms for processes such as protein fold-

ing and morphological galaxy classifications (Khatib et al., 2011; Lintott et al.,

2008). While VCS carries with it many of the same biases and data quality is-

sues present in professional research, projects must also contend with biases

specific to Citizen Science, particularly a “high variability... of [volunteer] demo-

graphics, ability, effort, and commitment” (Kosmala et al., 2016). Similarly,

projects often deal with unfamiliar concepts or expect participants to engage

with new tools in a way with which they are not familiar (Nov et al., 2014).

If classifications are to be used in scientific research, then project science
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teams need to know that the classifications submitted by players are as accur-

ate as possible. On the whole, however, accuracy and data quality issues are

not major factors connected to productivity and sociality within VCS, particu-

larly since solutions to data may be addressed through changes to task design

or the application of different algorithmic models to weight and aggregate re-

sponses, without the awareness of project participants (Antelio et al., 2012).

Still, there are indirect connections between these issues and productivity, as

data quality issues may motivate the introduction of additional tasks such as

community review or redundancy in turn increase the workload expected of

players and heighten issues posed by the skewed activity patterns within VCS.

For this reason, these issues are presented here to better situate issues related to

productivity within associated design issues.

VCS methodologies are associated with redundancy and aggregation, as mul-

tiple participants complete the same task for the same asset before a weighted

or simple majority is calculated to increase overall accuracy. Due to the meth-

odology used to conduct this literature review, it is not possible to state with

absolute certainty whether any given quality assessment process is used within

any given project, as papers offering only details about the methods used in

specific projects were rejected on the grounds of low relevancy and few of these

publications offered significant details about quality assessment mechanisms.

Wiggins et al. (2011) suggest that 23% of sampled projects made use of redund-

ancy and aggregation, although notably this study included offline CS projects

and was conducted in 2011, at an early stage of the boom in Citizen Science

projects that has been experienced in recent years (Kosmala et al., 2016). Re-

gardless, in their original definition of Virtual Citizen Science as a classification,

Wiggins and Crowston (2011) identified redundancy as a defining and common

feature of the then emergent area and redundancy is used across Zooniverse

projects, although the specific details of the aggregation vary from project to

project1.

For the purposes of this thesis, the specific quality assurance mechanisms

used within projects are not necessarily significant, but the use of redundancy

carries with it increased overall project workloads, as the number of tasks that

must be completed by the community increases. In Snapshot Serengeti, for

example, assets marked with the “nothing here” tool are shown to 25 differ-

1https://blog.zooniverse.org/2013/06/20/how-the-zooniverse-works-the-domain-
model/

https://blog.zooniverse.org/2013/06/20/how-the-zooniverse-works-the-domain-model/
https://blog.zooniverse.org/2013/06/20/how-the-zooniverse-works-the-domain-model/


4. Characterising Virtual Citizen Science 107

ent users Swanson et al. (2015). Furthermore, task design policies such as the

individual-focused workflows described by Mugar et al. (2014) may drive parti-

cipants to engage with social features. Another key finding from the literature

is that projects may further increase the workload assigned to players through

the use of simulated, tutorial or gold-standard images, previously classified by

experts for calibration purposes, but these have been associated with reduced

motivation from participants and the potential waste of valuable participant

effort that could be better assigned to ‘real’ tasks (Darch, 2017; Ponciano and

Brasileiro, 2015; Tinati et al., 2015b). These gold standards can be shown to

participants as part of task workflows, as in Planet Hunters where simulated

assets make up 5% of tasks, but can also be applied by experts after data have

been collected or for accuracy estimation purposes, without further work from

participants (Fischer et al., 2012; Swanson et al., 2015). Evidence from the liter-

ature in this regard was insufficient to identify if these practises are widespread

and which approach, if any, projects use.

Issues of task design and the presentation of assets have significant impacts

on the quality of data generated by VCS projects even within the same project

and community. In Wildlife@Home, increasing the length or completeness of

video assets has been demonstrated to lead to increased engagement and ac-

curacy by offering increased context to volunteers which renders tasks easier

for participants to complete, although accuracy diminishes sharply for video

assets in excess of 5 minutes (Desell et al., 2015). Similar findings with regard

to engagement in text transcribing tasks have been suggested by Eveleigh et al.

(2013) and Tinati et al. (2015b), as participants became immersed in the narrat-

ives that could be generated from contextual details, but no impact on overall

accuracy or ease-of-completion was described in these projects. Conversely,

game-based tasks with integrated narratives do not significantly impact data

quality, but do lead to an increase in cheating and low-effort behaviour designed

to game the system and achieve maximum progress and rewards with minimum

effort (Prestopnik et al., 2014). At the same time, it is unclear to what extent

this is a result of the game-based experience itself and to what extent this is

simply a result of design decisions such as reward mechanisms.

Perhaps counter-intuitively, Desell et al. (2015) and Sprinks et al. (2017)

both suggest that more difficult tasks lead to greater overall accuracy in par-

ticipant contributions. Difficulty, however, is subjective and both publications

make use of participants’ opinions regarding task and interface simplicity, rather
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than more objective measures. There are also clear limits to the extent to which

task difficulty is beneficial, as Desell et al. (2015) identify that “medium” dif-

ficulty tasks generate the most accurate contributions, yet in the experiment

conducted by Sprinks et al. (2017), it was the median difficulty task which gen-

erated the least accurate submissions, while the easiest interface achieved peak

accuracy. More ambiguously still, Kosmala et al. (2016) point to previous find-

ings from the Snapshot Serengeti project suggesting easier tasks lead to the

highest accuracy levels, although overall accuracy for newcomers is lower than

for more experienced participants. While somewhat contradictory, these find-

ings are significant for this thesis given the possibility raised by Khatib et al.

(2011) and particularly by Mugar et al. (2014) that tutorial processes and task

completion alone may be insufficient for participants to learn to complete VCS

tasks, with Mugar et al. (2014) noting that social features and discussion are

essential for participant learning and feedback. Similar findings are suggested by

Prestopnik et al. (2014), who note that participants who contribute for longer

periods and in greater quantities within Forgotten Island and Happy Match

show no statistically significant increase in classification accuracy.

4.5.2 Maximising Contributions

Maximising contribution levels from volunteers is a significant and central issue

within VCS (Kosmala et al., 2016). There are strong pressures stemming from

the high inequality and general lack of activity demonstrated by many VCS

volunteers (see section 4.7) and the extent to which project teams can address

individuals’ participation patterns and influence volunteer retention are limited,

even for the most active and motivated participants (Sauermann and Franzoni,

2015). Three main approaches have been suggested within the literature - gami-

fication and extrinsic motivational factors such as points and prizes, anchoring

and the use of messages designed to reinforce participants’ intrinsic motivations

and sociality-based approaches making use of competition and goal-setting rel-

ative to other members of the community. However, it is unlikely that these are

the only effective solutions to the issue of maximising contribution patterns, as

even apparently insignificant factors can have a large impact on volunteers’ con-

tribution levels. For example, offering volunteers the choice between registering

for projects and contributing anonymously increases overall participation by as

much as 60%, even increasing participation from those volunteers who would
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contribute regardless of the need to register (Jay et al., 2016). Similarly, factors

that would otherwise be left to chance - for example, the content of the initial

assets that a volunteer classifies - can have a significant effect on participants’

intentions to continue to contribute and as a result, on their overall contribution

levels (Mao et al., 2013b; Tinati et al., 2015b).

In an experiment conducted with a “virtual peer” performing based on dif-

ferent algorithmic models, Laut et al. (2016) found that participants will con-

tribute significantly more classifications if presented with indicators to the per-

formance of fellow participants, but only if these fellow participants perform

within a certain range. In other words, extremely high performing participants

actually have a negative effect on a participant’s desire to contribute, leading

to slightly lower contribution levels overall, with mid-performing participants

having the greatest impact on classification levels. This does not extend to the

completeness of each classification, with participants contributing more tags per

image in line with indications of fellow participants – although the number of

tags contributed is closer to the performance of peers when these peers contrib-

ute a low to average number of tags. These results align with interview findings

from the Old Weather project, where participants noted that competing with

high performing players was a stressful experience that resulted in reduced in-

terest in contributing (Eveleigh et al., 2013). However, as shown in section 4.6.6

competition has been noted to have no effect on - or to even be demotivating for

- participants in both non-gamified projects and Games with a Purpose (Curtis,

2015a; Darch, 2017).

Alternatively, the beneficial effect of the virtual peer may not be a social

factor at all, but rather an indication of the effectiveness of goals and aims

within VCS. In an experiment conducted by Jackson et al. (2016a), participants

who set personal classification goals - for example, to classify 50 images in a

single session - made on average more than twice as many classifications as par-

ticipants who chose not to do so. The use of anchoring messages relative to

high performing members of the community was found to encourage the set-

ting of higher goals than messages related to one’s own prior performance, but

did not have a statistically significant effect on the final number of classifica-

tions made. Conversely, an experiment within the Higgs Hunters project found

that anchoring messages informing participants if they were the first to see a

given image resulted in an increase in the average number of sessions and con-

tributions made per session, although the authors caution that approximately
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33% of the non-control group are unlikely to have seen these indicators and it

is therefore not possible to entirely accurately deduce the impact of discovery-

based anchoring. In an experiment by Kaufman et al. (2016) within the Zentag

project, participants were found to contribute more tags per classification and

were more likely to replay the game when presented with messages regarding

the wider community which nonetheless emphasised the opportunity to be the

first to classify an image than in messages emphasising social norms, intrinsic

motives, altruism or indeed the chance to be one of many who would examine

an image. Again, the impact of any social factors within this experiment were

ambiguous, as compared to social norms, which generated the least number

of tags, the inclusion of messages emphasising the opportunity to contribute

alongside the community generated a moderate increase in tagging levels.

The use of gamification has been suggested as a means of increasing en-

gagement and thereby, contribution levels within projects. Zhou et al. (2017)

found that the use of game elements such as leaderboards allowed players to

view how other players were participating, making participants feel part of a

community and enhancing motivations. On the other hand, such game elements

were also associated with a reduced sense of player competence. Iacovides et al.

(2013) presents findings that associate game features with extended task con-

tribution periods and increased productivity as a result. In contrast, within

the Virtual Atom Smasher game, participant contributions followed much the

same distribution of effort as associated with other VCS initiatives, suggesting

that gamification alone is insufficient for encouraging contributions (Fernandez-

Marquez et al., 2016). This is partially supported by Prestopnik et al. (2014),

who found that player retention (and thus, contribution levels) were signific-

antly lower overall in a more narrative-driven, game-based experience than in a

simple matching activity with game elements. Games and game elements can

also, in some circumstances, have little to no relevance to the scientific activity

in question and thus divert effort from more important tasks (Greenhill et al.,

2014).

4.5.3 Participant Recruitment

If an online community is to survive, then it is essential that it continuously

attracts new members and contributors to overcome user attrition (Kraut et al.,

2012). This is particularly the case in VCS projects where churn rates and in-



4. Characterising Virtual Citizen Science 111

equality of effort are extremely high (Nov et al., 2014; Sauermann and Franzoni,

2015). However, while Kraut et al. (2012) suggest that many online communit-

ies rely predominantly on word-of-mouth, such an approach is not suitable for

VCS, where participants need nudging to discuss projects on social media and

are unlikely to discuss their VCS activity in conversations with colleagues and

friends (Cox et al., 2015a; Eveleigh et al., 2014; Tinati et al., 2015a). Moreover,

in VCS projects, participants recruited during word-of-mouth campaigns tend

to contribute fewer classifications and for less time than participants recruited

in other methods (Morais et al., 2013). Factors which drive volunteer particip-

ation in VCS projects are also still relatively poorly understood, with diverse

volunteer and demographic profiles and somewhat contradictory study findings,

particularly with regard to the motivations as identified by the volunteers them-

selves. For example, Galaxy Zoo volunteers as noted are primarily driven by

a desire to assist science, but what this actually means to the volunteers and

what they perceive to align to these motivations are not necessarily the same

as what scientists and designers expect (Darch, 2017; Raddick et al., 2009b). It

is therefore perhaps unsurprising that within the sampled literature, there has

been little consideration for explicitly designing for the recruitment of volunteers

beyond understanding and exploiting initial motivations – particularly intrinsic

motivations.

Even so, exploiting these motivations is a more complex process than may

initially be assumed. In an experiment by Lee et al. (2017) making use of re-

cruitment emails based on four key motivations – learning, contributing to sci-

ence, community and altruism – there was only one percentage point difference

between the most popular message (learning) and the least popular (altruism)

and no recruitment message was more than 6% successful. In a similar experi-

ment by Kaufman et al. (2016) in the ZenTag project, the framing of original

recruitment messages had no statistically significant influence on the number of

participants recruited. Among those participants who do choose to contribute

to a project, there is a strong cross-project effect where participants are much

more likely to contribute to projects from the same platform within the same or

similar domain - for example, moving from one astrophysics project to another

(Luczak-Roesch et al., 2014).
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4.5.4 Participant Retention

The extent to which project design teams can design for participant retention

is a point of some contention within the literature. Sauermann and Franzoni

(2015) express the belief that the loss of long-term volunteers is inevitable and

results from a variety of projects demonstrate the high user churn rate that is

associated with VCS. In Galaxy Zoo, by 2013 just 3.29% of participants had

contributed to the project for over a year (Morais et al., 2013) and Ponciano

et al. (2014) note that 31% of Galaxy Zoo participants display an extremely low

pattern of engagement, contributing for on average just 71 seconds and tending

not to return to projects after initial contributions. In FoldIt, most participants

do not complete the tutorial process and a similar phenomenon is seen in Eye-

Wire (Curtis, 2015a; Tinati et al., 2015a). Among those participants who leave

projects, some may simply forget about the project (Eveleigh et al., 2014). Mar-

keting campaigns through social media and email have been found to reduce

the average delay between classification sessions among newcomers to Season

Spotter and drive 45% of inactive volunteers to re-engage with projects (Crall

et al., 2017). Yet still, even long-term participants to VCS initiatives tend to

contribute unpredictably and sporadically, in the case of EyeWire spending

longer between tasks and not making contributions than they do actually tra-

cing neurons (Morais et al., 2013; Ponciano et al., 2014; Tinati et al., 2015a).

Retention is nonetheless crucial for the success of VCS projects (Wald et al.,

2015). As Kraut et al. (2012) state, long-term members of any online com-

munity “work harder, say more, do more” and are willing to assist the com-

munity with future problems that it may face. This is no less true in VCS,

where overall it is long-term participants who do the majority of the work2 and

who may take on additional responsibilities without request from project science

teams (Darch, 2017).

At the same time, task design factors play an important role in the user

experience and the subsequent decision by volunteers to continue to contribute

to projects. In a survey of 561 Tomnod participants, 100 respondents stated

they decided to leave the project based on the poor quality of images, but the

second largest group – 80 participants – left the project due to technical issues

2Studies have demonstrated this phenomenon within the Zooniverse platform (Luczak-
Roesch et al., 2014; Ponciano et al., 2014), FoldIt (Curtis, 2015a) and EyeWire (Tinati et al.,
2015a) and a similar observation has been made in other related forms of crowdsourcing (see
for example: Aristeidou et al. (2017))



4. Characterising Virtual Citizen Science 113

stemming from difficulties with the project website (Baruch et al., 2016). The

opportunity to participate as part of a team or group has been suggested by

FoldIt players as a key factor in their continued participation (Curtis, 2015a;

Iacovides et al., 2013). Game-based elements and elements of little scientific

value which are nonetheless fun and which bring the community together – such

as image captioning campaigns and competitive games such as Pong – also lead

to increased commitment and loyalty on the part of participants (Greenhill

et al., 2014). Similarly, participants who engage in chat and social features

tend to remain with projects longer than those who do not, particularly where

this engagement occurs early in a volunteers’ participation in a given project

(Jackson et al., 2014, 2016b; Tinati et al., 2015a).

4.6 Volunteer Motivations

Sixteen publications from the sampled literature explicitly dealt with the mo-

tivations that drive volunteers to contribute to Citizen Science projects. Under-

standing these motivations is of particular value for the purpose of this thesis,

both as an opportunity to understand what drives engagement with social fea-

tures and also to understand whether sociality drives task activity. On the other

hand, each of these publications shares specific methodological characteristics

that renders a full argument drawn solely from literature findings insufficient

and the motivational factors presented within this section are unlikely to be

truly and accurately indicative of the wider citizen scientist population. Each

of the sixteen papers relies predominantly on surveys and to a lesser extent in-

terviews with participants and the response rates for these surveys tend to be

extremely low. Moreover, engagement with VCS projects is sporadic and highly

skewed towards a small proportion of highly active users, with the majority

of users contributing for single brief sessions (see 4.7 for further details). This

property, when combined with the short-term sampling methods common to

these publications raises the possibility that the respondents to such surveys are

disproportionately long-term and highly active users. Indeed, this limitation was

clearly stated within many of the motivation studies – as Heaton and Torres

(2015) state “Given the small number of interviews...we have no pretensions of

representativity.”
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4.6.1 Altruism

Altruistic motives and a related desire to contribute to research were one of

the most commonly identified factors across the studies, with high response

rates from participants. Over 60% of volunteers in FoldIt described an altruistic

desire to contribute to research (Curtis, 2015b). Participants in some studies

explicitly made reference to the opportunity to improve the future for society

as a whole - in a survey of 1915 Zooniverse users, the opportunity to contribute

to worthy causes and benefit society were the highest scoring factors on a 7-

point likert scale, with mean scores of 6.05 and 6.38 respectively. This is no less

true of specific projects from within the platform. Among Galaxy Zoo users,

22% of survey respondents stated a similar desire (Raddick et al., 2009b), while

participants in a follow up survey scored contributing to science at 5.87 and

helping with the project at 5.75 out of 7.

This altruism appears to extend beyond simply helping other people. In a

survey of 2329 Tomnod participants, among the 17% of respondents who de-

scribed their motivations for participation, the largest group described a de-

sire to help others and the environment, while in a follow up study, 33% of

all demographic groups identified the opportunity to help others as the most

significant factor influencing their desire to participate in Tomnod campaigns

(Baruch et al., 2016). It is however, unclear from the responses who it is that

participants feel they are helping or how they do so. This partially aligns with

the findings of Reed et al. (2013) that ‘altruistic’ motives described by parti-

cipants who enjoy volunteering are at least partially for personal benefit. In an

exploratory factor analysis of motivations for participation in the Zooniverse

platform, volunteering and helping science to make oneself feel good or import-

ant were more strongly aligned than volunteering for the purpose of making the

world a “better place”.

Nevertheless, there are contradictions within the literature findings. In an

experiment using different motivational messages to encourage participants

to contribute to a VCS project, Lee et al. (2018) found that participants re-

ceiving an altruism-based message had a significantly lower click-through rate

than those receiving a message concerning contributing to science, joining a

community or learning about science. The altruism group did, however, have

the highest likelihood to contribute upon clicking through to the platform and

contributed the second highest number of classifications overall. One possible
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explanation for this finding is that altruism and related motives are of less sig-

nificance upon joining projects and instead drive long-term participation. In

a study conducted by Rotman et al. (2012) volunteers and scientists from col-

laborative Citizen Science projects were asked to score 4 motivation groups

using a 5-point likert scale: egoism (personal benefit); collectivism (benefit to

identified group); altruism (benefit to non-identified group) and principlism (be-

nefit to everyone). Volunteers scored each motive similarly, with average scores

between 4.08 and 4.46, with principlism receiving the lowest score. Neverthe-

less, in follow-up interviews and in other studies, altruism was found to develop

further in those participants who make the shift from short-term to long-term

patterns of contribution, suggesting that it is altruism that drives sustained par-

ticipation (Crowston and Fagnot, 2008; Gugliucci et al., 2014; Rotman et al.,

2012). These long-term participants, while a small minority, are nonetheless of

the greatest importance to the ultimate success of VCS projects. In Galaxy Zoo

and the Milky Way Project, these volunteers represented just 13% and 16% of

the community, but were responsible for the majority of the working time con-

tributed – 40% and 46% respectively (Ponciano and Brasileiro, 2015) (see 4.7

for further details).

Even so, anecdotal findings from Galaxy Zoo suggest that this altruism is

somewhat conditional, with participants driven to leave projects if they per-

ceive work to be unlikely to immediately contribute to science and therefore to

be a waste of their time, regardless of the indirect value that such work may

have for scientific research (Darch, 2017). Participants require feedback on the

value and significance of their contributions to reinforce their altruistic motives

and desire to contribute, if they are to continue to engage with projects in the

long-term (Eveleigh et al., 2014; Darch, 2017). This feedback is a key afford-

ance and opportunity offered by the discussion forums and blog features offered

within VCS projects (Jackson et al., 2014; Darch, 2017), but must be offered

at both the community and individual level. Woodcock et al. (2017) quotes a

participant who was concerned that given the sheer quantity of classifications

made within the project “does my small/meagre contribution really make much

of a difference?”
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4.6.2 Intrinsic Motives

Intrinsic motives were the most frequently cited factors within the sampled

literature, appearing often in describing the underlying rationale behind design

choices as well as in responses from volunteers. At the same time, the specific

definition of ‘intrinsic’ factors varied between papers, with some publications

separating out fun, an appreciation of the images used within projects or a

drive for self-improvement from factors such as an interest in science in general,

particular scientific fields, or the underlying project itself. For simplicity and

consistency sake, intrinsic motivation as understood within this section and

within this thesis in general refers to the definition popularised by Ryan and

Deci (2000), in keeping with the majority of the sampled publications.

Fifteen of the publications described some form of intrinsically motivating

aspect to VCS projects or VCS participation. Two of these described interest

in Citizen Science broadly, five in science and research, five in the specific sci-

entific field represented by a project. In terms of the projects themselves, four

described general curiosity about a project or VCS task, while three described

an appreciation for or curiosity about the assets and images used in a project.

Self-improvement and challenge were also common intrinsic factors, described by

five and four publications respectively. Although intrinsic motives appear to be

significant for all forms of Citizen Science, these are particularly strong within

active, web-based ‘data analysis’ projects (Nov et al., 2011b).

In contrast to altruistic motives, which grow in significance as participants

contribute, intrinsic motives appear to be significant throughout a participant’s

lifecycle. Jennett et al. (2016) describe a feedback loop where participants’

initial decisions to contribute are predominantly driven by their intrinsic in-

terests and curiosity about a project, with these interests subsequently growing

over time as participants gain the opportunity to learn about and experience a

project. Scientific interests in particular were found to be the most significant

factor in attracting volunteers to the CosmoQuest platform (Gugliucci et al.,

2014). 24% of respondents described an interest in astronomy, while a similar

24% stated an interest in participating in scientific research, with both interests

receiving the greatest proportion of 7-point scores, from over 50% of respond-

ents. Notably, however, discussion features which best influence learning – see

sections 4.6.8 and 4.8.2.

Intrinsic motives appear to be significant across projects. Among Galaxy
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Zoo volunteers, 46% of respondents described an interest in astronomy, while

during a follow-up survey, interest in science was the most highly rated factor,

with a mean score of 6.2 out of 7, with an interest in astronomy second with

6.09 out of 7 (Raddick et al., 2013). Similarly, Nov et al. (2011a) analysed three

distinct VCS projects and noted that participants rated intrinsic motives as

second only to collective motives in terms of their influence on participation

across all three initiatives (Nov et al., 2011a). Even in highly gamified contexts,

which tend to rely on extrinsic motivations and rewards, intrinsic motivations

drive player participation (Curtis, 2015a)- 17% of EyeWire respondents de-

scribed an intrinsic interest in the underlying science or project, while 20%

described the project as fun even without the game or puzzle elements (Tinati

et al., 2017a). On the other hand, these initial drives to participate may be

relatively weak and as simple as perceiving a project to be an “intriguing” or

“nice” idea (Jennett et al., 2014).

Beyond motivating participation, intrinsic motives have also been suggested

to play a key role in influencing the quantity of contributions and time spent

within projects by participants. In Galaxy Zoo, participants demonstrated a

tendency to contribute more classifications and spend longer contributing when

the initial images they are given to classify are interesting or rare (Mao et al.,

2013b). Nonetheless, this contradicts the findings of Nov et al. (2014), who

found that while the strength of intrinsic motivations is positively correlated

with contribution quantity, there is a weak negative correlation between this

strength and the quality of resulting contributions.

4.6.3 Extrinsic Motives and Rewards

On the whole, discussion of extrinsic motives or rewards within the sampled

literature was rare, likely due to the uncommon nature of such rewards within

VCS projects (Woodcock et al., 2017). Findings also appear relatively contra-

dictory, even when discussing the same project or context. In Tomnod, 10%

of male and 12% of female participants under 50 wished to see the addition of

awards for high achieving Tomnod users, although only 1% of females over 50

and 3% of males over 50 agreed (Baruch et al., 2016). Experiences from Galaxy

Zoo suggest that participants did not engage with extrinsic motivational factors

such as leaderboards and as a result, these were eventually removed from the

project (Darch, 2017), yet Ponti et al. (2018) suggest that participants continue
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to request such features and it is the Galaxy Zoo team, not the community, who

actively resist such requests. Even in gamified contexts however, which heav-

ily draw on rewards such as points, participants express little interest in such

mechanisms - either describing an explicit disdain in the case of FoldIt (Curtis,

2015a; Heaton and Torres, 2015) or ranking such factors as significantly lower

than altruistic, intrinsic and social motives in the case of EyeWire (Tinati et al.,

2017a). There also appears to be an implicit assumption in the literature that

extrinsic factors are not motivating in VCS, as Nov et al. (2011a) assert that

the low ranking assigned by participants to the reputation motive is directly

linked to the perception of reputation-based features as reward mechanisms,

although explicit evidence or justification for this view is not offered.

4.6.4 Gamification and Game Elements

Similar to extrinsic and reward factors, views on gamification as a motivator

for VCS participation within the literature are somewhat contradictory. Curtis

(2015a) offers statements and views from highly active FoldIt participants drawn

from participant observations and interview that suggest that the game ele-

ments are of little interest to them and neither a positive or negative influence

on their motivations within the project. Yet a study of FoldIt participants sug-

gest that the drive for high scores and the resulting behaviours that this en-

courages are demotivating for the majority of players and at odds with the

altruistic and intrinsic value of the project (Ponti et al., 2018). Further contrast-

ing are the findings of Iacovides et al. (2013), that while game elements do not

provide motivation to engage with FoldIt, they do drive participants to contrib-

ute for longer periods as they attempt to improve on their performance. Sim-

ilarly, while Ponti et al. (2018) suggest that Galaxy Zoo participants perceive

the addition of game elements to the project as trivialising the serious research

that is being conducted, Greenhill et al. (2014) note that participants have pre-

viously engaged heavily with Zooniverse-linked games such as “Voorwerp Pong”

which have no scientific value and indeed, have organised and created their own

gamified initiatives. It is notable that none of the publications which deal with

gamification as a motive offer evidence for their assertions such as the design

experiments described previously and so it is not possible to ascertain how par-

ticipants’ opinions and statements correspond to behaviours and classification

intentions. At the same time, Curtis (2015a), Jennett et al. (2013) and Tinati
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et al. (2017b) all offer the view that sociality plays a key role in the perception

and enjoyment of game elements, further obfuscating the specific impacts of

adding game elements to VCS tasks.

4.6.5 Collective and Community Motives

Collectivism, community-driven norms and the opportunity to be part of a com-

munity were relatively common motives, although the effectiveness of these

motives differed between sources. In a survey of motivations in Stardust@Home,

volunteers ranked collective motives as the highest factor influencing their par-

ticipation, with a mean score of 6.45 out of 7 (Nov et al., 2011a). In a later

follow-up, Nov et al. (2014) identified collective motives - advancing common

goals as part of the community - as the most significant factor positively influ-

encing both the quantity and the quality of contributions. A participant obser-

vation of players within FoldIt identified the success of teams, the wider com-

munity and the project as a whole as important reasons for participation (Curtis,

2015a). During a post-observation interview phase, over a third of FoldIt play-

ers described interaction with fellow players as being a factor motivating their

continued participation, a finding supported by the importance of relationships

built by members of the community (Curtis, 2015a). Beyond relationships with

fellow volunteers, participants interviewed by Rotman et al. (2014) desired to

build lasting trust with scientists, to mentor others and to learn and work to-

wards common goals (Rotman et al., 2014). Indeed, the presence of project

scientists and existence of a wider community of interested participants was

identified by Jennett et al. (2013) as drivers for the initial decision to engage

in VCS projects. Collective motives and the community were key factors in a

cluster produced through an exploratory factor analysis of Galaxy Zoo parti-

cipants (Reed et al., 2013).

Nevertheless, community-based messages were found to result in the second

lowest click-through rate in the experiment conducted by Lee et al. (2018)

and also resulted in significantly lower contribution and session counts than

altruistic, learning-based and science-related messages. This aligns with find-

ings from EyeWire, where just 3% of respondents identified the community

as a motivating factor for their participation in EyeWire, 74% of whom de-

scribed the community as of secondary rather than primary importance (Tinati

et al., 2017a). Ultimately this is likely a result of the overall lack of engage-
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ment with community features, with such participation being characterised as

meta-participation, largely common only in those participants who choose to

go beyond mere task participation (Crowston and Fagnot, 2008; Luczak-Roesch

et al., 2014; Tinati et al., 2015a). Furthermore, while collective motives were

associated with increased contributions, Nov et al. (2011b) noted that identifica-

tion with the Stardust@Home community was weakly negatively correlated with

contribution quantity. It appears, then, that at least in terms of participants’

perceptions, there is a difference between being part of a project or campaign

and being part of a community.

4.6.6 Competition

Competition was cited as a motive in a small number of projects, including

Galaxy Zoo, despite the removal of a leaderboard and competitive features in

this project at a very early stage Darch (2017); Raddick et al. (2013). Even so,

somewhat unlike other motives, competition serves as a double-edged sword.

Those participants who report being motivated by competition with fellow par-

ticipants also report becoming demotivated as they are outperformed by others,

suggesting that competition is only motivating when the performance of other

participants is deemed to be attainable (Eveleigh et al., 2013). Experiments us-

ing virtual peers have demonstrated that participants will make increased num-

bers of contributions in response to higher performing peers, although this effect

diminishes as the virtual peer’s performance increases (Diner et al., 2018; Laut

et al., 2016). The findings of these studies do not definitively state, however,

whether this effect is entirely competitive or a result of a collectivist, norm-

oriented desire to do one’s part for the community.

Interestingly, competition does not appear to be a motivation in Games

with a Purpose. Just 12 EyeWire participants identified competition as a factor

motivating their participation within the project, of whom just 3 stated com-

petition to be a primary motivation (Tinati et al., 2017a). Similarly, in the

case of FoldIt, Curtis (2015a) notes that participants were not motivated at all

by the competitive nature of the game, although there was a certain element

of personal competition, as participants strived to do the best for the project

and for their teams (Iacovides et al., 2013). This is reflected in the findings of

Ponti et al. (2018), who described statements from FoldIt participants that the

competitive nature of the game was at odds with the serious research being
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done and thus, of little importance to players. These findings conflict with the

statements cited by Heaton and Torres (2015), however, that participants are

spurred on to participate by the competitive nature of the game and that this

competition does not spur group, but rather individual performance. Given that

a low response rate impacted both Curtis (2015a) and Heaton and Torres (2015)

and the small size of the active FoldIt community, it seems likely that these con-

tradictions simply reflect the opinions and experiences of different parts of the

player base.

4.6.7 Sociality and Interaction

Overall, survey responses from participants tended to rank sociality and discus-

sion among the lowest motivational factors. A study of Galaxy Zoo determined

community interaction to be the lowest rated of nine surveyed themes, with a

score of 2.62 from e-mail respondents and 2.84 from forum respondents (Rad-

dick et al., 2013). In Stardust@Home, too, social interaction received the lowest

rating, with a mean score of 3.30 out of 7 (Nov et al., 2011a). This aligns with

the findings of Cox et al. (2015a), who find that social interaction does not play

a role in influencing participation for the most active and committed players,

although the survey conducted by the authors considers sociality only in terms

of relationships with friends and family members in the ‘real’ world. It is sug-

gested that social participation diverts from the task assigned to players, who

prefer to spend their effort contributing to the task portion of projects. How-

ever, Reed et al. (2013) conversely suggest the reason for this low ranking is

partially due to the low proportion of players who actively engage with discus-

sion features. Once again, this aligns with the proposal made by Crowston and

Fagnot (2008) of this further participation as ‘meta-participation’, favoured by a

smaller proportion of participants.

Nevertheless, there is evidence that social interaction has a positive motiva-

tional effect in terms of long-term participation. Jennett et al. (2013) note that

discussion and interaction have a valuable role in driving the initial decision to

participate in VCS projects, but that – particularly in gaming contexts – its

true value is in long term participation. This aligns with the aforementioned

feedback model suggesting that in the absence of opportunities to learn and to

become part of a community, volunteers will eventually become disinterested

and leave a project (Jennett et al., 2016). This is further supported by Jackson
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et al. (2014), with participants identifying feedback and discussion with project

scientists and fellow contributors as a key factor in shaping their decision to

contribute long-term to the Planet Hunters project. Furthermore, evidence from

volunteer engagement patterns suggests that discussion interaction plays a role

in supporting and encouraging task participation – for example, volunteers who

engage most in social interaction within gamified projects display longer play

sessions and contribute far more overall than other players (Tinati et al., 2014)

(see section 4.8.3 below).

4.6.8 Feedback and Learning

Learning and receiving feedback from fellow players, moderators and project

scientists were commonly identified motivational factors, appearing in 10 pub-

lications across a range of projects as a reason to engage in both task and meta-

elements of VCS initiatives. In the survey of Zooniverse contributors conducted

by Cox et al. (2015a), education-based factors received the highest overall mean

score as a group, with approximately 5.5 out of 7, reflecting participants’ views

of the Zooniverse platform as an opportunity to learn about science in a new,

fresh manner through hands-on activities. EyeWire players ranked ‘learning’ as

the fourth most significant factor encouraging participation according to 10% of

respondents, after contributing to science and intrinsic factors such as interests

in science and the project being fun. Similar results were also expressed by vo-

lunteers from the CosmoQuest, Galaxy Zoo and FoldIt projects (Gugliucci et al.,

2014; Raddick et al., 2010; Heaton and Torres, 2015).

It appears that motives related to feedback and learning are particularly

important in leading contributors to engage in discussion facilities. Through

both participant observations and interview findings, Curtis (2015a) identified

learning - about the project, science and the underlying task - as key factors

leading to social and team engagement within the FoldIt platform and similar

findings were stated by Mugar et al. (2014) in the Planet Hunters and Seafloor

Explorer projects. A later ethnographic and interview driven study by Jackson

et al. (2016b) further supports this finding, demonstrating that the minority of

participants who engage with discussion features shortly after joining a project

predominantly do so to enhance their own knowledge and skills.
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4.6.9 Technology and Web-Specific Motives

In spite of the importance of technology and the web in facilitating VCS, there

is little discussion of the impact of technology on participant motivations within

the sampled literature. Reed et al. (2013) and Wald et al. (2015) both identify

technological issues - predominantly ease of use - as key in ensuring volunteer

retention within VCS patterns, but it is unclear to what extent these factors

are driven by the tools themselves and to what extent this is a result of parti-

cipants’ own experience in using web-based tools, or potentially, capability with

the microtask regardless of technological involvement. As Baruch et al. (2016)

identify however, when delivered poorly or incorrectly- for example when there

is lack of use of up-to-date technology, or the services are difficult to use - there

is a negative relationship between technology and participants’ desires to engage

with VCS projects (Baruch et al., 2016). At the same time, an interesting al-

ternative perspective is offered by Ponti et al. (2018) with regard to technology

usage within FoldIt. Highly technologically proficient players are able to create

‘recipes’ which use computer programs and code to automate the task process,

generating large volumes of points with what is perceived to be minimal effort.

This is perceived negatively by other participants, who view such behaviour as

tantamount to cheating - not only because of the minimal human engagement in

the folding solution, but also because of the inegalitarian nature of the solution

and the lack of sharing such recipes with the wider community. In essence, then,

it is the unsocial nature of such solutions, rather than the solutions themselves

that enrages these participants.

4.6.10 Reputation and Recognition

Descriptions of ‘reputation’ within the sampled publications largely corres-

pond to one of four related but unique categories: recognition from fellow parti-

cipants, recognition from project scientists, recognition from friends and family

in the ‘real world’ and recognition in terms of a reward mechanism, through the

earning of points, badges or a reputation score. Not all of the articles distin-

guished between these types of recognition and so it is not possible to identify

with certainty if participants perceive these forms of recognition differently,

or if one form is more appealing than another. Nov et al. (2014) identified

reputation-based ‘reward’ functions as mildly positively correlated with in-

trinsic motivation, but found no correlation between reputation and contribu-
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tion quantity, suggesting that this increased intrinsic motivation is of no value

in terms of participant productivity. On the contrary, participants perceive repu-

tation mechanisms to be of relatively low appeal, with a mean score of 3.7 out

of 7, far below the 5.98 assigned to intrinsic motivations (Nov et al., 2011a).

The desire or even need for positive reinforcement and recognition of contri-

butions was a commonly described factor within the motivational and design

literature. Participants in Old Weather enjoyed the opportunity to receive some

form of validation that their contributions were both correct and useful to the

science team and in the absence of such feedback or evidence of scientific pro-

gression, would become demotivated and leave the project (Eveleigh et al., 2013,

2014). Both Darch (2017) and Woodcock et al. (2017) described participants be-

coming demotivated by perceived failings within the data - for example, glitches,

camera errors or simulated ‘fake’ images - and requiring reassurance by the

science team that their contributions were to be used for science, although

Woodcock et al. (2017) note that only a third of interview participants were

aware of projects’ scientific outputs. This recognition can also stem from other

participants, particularly in close-knit communities such as FoldIt, where parti-

cipants form groups or teams and motivate each other to push to achieve higher

scores and do more work (Curtis, 2015a). Nevertheless, where community-based

reputation is seen as difficult to achieve or as rewarding undesirable behaviour,

such mechanisms become demotivating for low- and mid-performing participants

(Eveleigh et al., 2013; Ponti et al., 2018). While the desire for recognition may

drive significant numbers of participants to projects, it is a poor factor for mo-

tivating long-term engagement - in the days following the public announcement

of the Hanny’s Voorwerp3 discovery, there was a notable peak of 9,400 new par-

ticipants to the Galaxy Zoo project, yet 70% of participants contributed for a

single day or less (Morais et al., 2015).

4.7 Engagement and Activity

A common theme within the literature is the relatively distinctive form that

activity and participation in VCS projects take, with a highly skewed distribu-

tion of effort as a small and highly active proportion of the community performs

more contributions than the majority put together (Spiers et al., 2018). This

3The discovery of a Quaser Light echo led by forum participant Hanny Van Arkel in
collaboration with project scientists - see Lintott et al. (2009) for more details
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participatory model is not unique per-se, in that similar phenomena and engage-

ment patterns have been observed in related initiatives such as Volunteer Geo-

graphic Information projects and in online communities more broadly 4 (Haklay,

2016; Ridings and Wasko, 2010). In truth, however, this contribution pattern

is distinct from other forms of crowdsourcing, particularly paid crowdsourcing

and likely arises from the combination of the large crowd of volunteers required

to complete project tasks and the volunteer basis on which many participants

contribute (Mao et al., 2013a). As an example of this highly skewed pattern of

participation, Galaxy Zoo I volunteers contributed 80 million classifications, yet

1,220,067 of these came from just one single participant while two additional

volunteers contributed in excess of half a million classifications each (Morais

et al., 2013). In contrast, the largest group of volunteers - measuring 45.35%

- contributed between 10 and 100 classifications each. A similar phenomenon

is seen in terms of the period for which volunteers are active within a project

and in terms of the time that participants contribute for (Morais et al., 2013;

Sauermann and Franzoni, 2015; Tinati et al., 2015a).

With regard to community size, the number of participants varies between

different projects, even within the same platform (Sauermann and Franzoni,

2015). As of 2018, the Zooniverse platform for example now has over 1.4 mil-

lion volunteers, although the specific number of volunteers who have engaged

with any one project is far less than that and highly dependent on the indi-

vidual projects themselves (Watson and Floridi, 2018). In practice, however, the

active community is a much smaller proportion of the total user base, with a

small highly active core of participants who contribute the largest volume of the

workload being observed across Zooniverse projects and within highly gamified

projects such as EyeWire (Luczak-Roesch et al., 2014; Ponciano and Brasileiro,

2015; Tinati et al., 2015a). This is particularly the case within FoldIt: despite

having “many thousands” of registered users, participant observations have

demonstrated that only between 200 and 300 of these users are actually active

and in truth, the core of active participants numbers just 20 to 30 individuals

(Curtis, 2015a).

Further skew can be seen in terms of the number and length of the sessions

for which volunteers contribute (Segal et al., 2015). Participants who demon-

4The “Pareto Principle” dictates that in any community, 20% of the group will perform
80% of the work (Juran, 1954). While these specific figures do not hold entirely true for on-
line communities, the underlying concept regarding a highly skewed distribution of effort is
nonetheless commonly held to be true (Ridings and Wasko, 2010).
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strate long-term participation patterns unsurprisingly tend to make the greatest

numbers of contributions (Sauermann and Franzoni, 2015), although as users’

active lifespans within a project increase, Ponciano and Brasileiro (2015) found

that contribution patterns and levels became increasingly sporadic until eventu-

ally these users cease contributing altogether. Sauermann and Franzoni (2015)

concurred with this conclusion and suggested that while long-term participants

are crucial to the success of VCS projects, care must be taken to ensure that

adequate numbers of new users are recruited to overcome the inevitable loss of

long-term active participants. The participation levels of new participants are

nevertheless highly variable and somewhat unpredictable. A large proportion

of players contribute only for single sessions and then leave projects with no

intention to return (Crall et al., 2017; Morais et al., 2013). Sessions can also be

extremely brief, with a significant proportion of participants contributing for as

little as 90 seconds and making few contributions to the project (Jackson et al.,

2016b; Tinati et al., 2015b). The exact reasons for this are unknown, but anec-

dotal findings from the literature suggest participants are more likely to leave

if their initial assets do not contain anything of note, or if they are expected to

engage in tutorials, practice or simulated tasks rather than being permitted to

access ‘real’ tasks immediately (Curtis, 2015a; Darch, 2017; Mao et al., 2013a).

Although the analyses identified within the theme of engagement are pro-

ject specific, these findings were common between each of the VCS projects

and platforms analysed and moreover, extend to similar communities and plat-

forms - notably Aristeidou et al. (2017) identified similar skewed contribution

levels and active periods in a weather-based CS community combining offline

and online models of participation. Indeed, within the sampled literature such a

phenomenon has been demonstrated and observed within at least 63 Zooniverse

projects, Happy Match, Forgotten Island, FoldIt, Stardust@Home and EyeWire

(Curtis, 2015a; Nov et al., 2011b; Prestopnik et al., 2017; Spiers et al., 2018;

Tinati et al., 2015a). While it may be impossible to consider every possible form

that VCS initiatives may take, there is adequate evidence to suggest these con-

tribution patterns are a universal phenomenon that naturally arises from VCS

based on the motivations that drive volunteers and the design and implement-

ation of VCS projects. In summary, then, any VCS project will predominantly

rely on participants own intrinsic and other motivations and this will in turn

drive skewed distributions of effort as the majority of participants do not make

the shift from initial motivations to the motivations such as altruism that drive
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long-term, highly active patterns of participation.

4.8 Sociality and Interaction

A further set of publications considered the nature of sociality within VCS and

the benefits that this can bring to designers and participants. This section rep-

resents the smallest cluster of publications, with a focus on different forms of

interaction within VCS, motivations and engagement patterns across social

aspects and the impacts of these patterns on task activity.

4.8.1 Forms of Interaction

Discussion features within VCS projects themselves take a number of forms:

blog or news pages (Heaton and Torres, 2015), custom discussion platforms such

as Zooniverse’s Talk service (Woodcock et al., 2017), asynchronous message

board forum services (Greenhill et al., 2014), integrated synchronous instant

messenger services (Iacovides et al., 2013), external synchronous messenger ser-

vices such as IRC5 (Curtis, 2018b) or even volunteer-led collaborative Wikis

(Tinati et al., 2017a). Features are not always present from the launch of the

project - a discussion board forum was introduced to Galaxy Zoo after signi-

ficant volumes of emails from participants and this was later replaced by the

custom Talk system due to issues with scale and also identifying new messages

within the previous forum system (Tinati et al., 2015b). The extent to which

these features are widespread is reasonably ambiguous. Curtis (2015a) describes

such features as widespread and relatively common, present in “most” projects,

but provides no citation or evidence for this statement and no specific figures or

statistics regarding the frequency of such features are offered within any of the

sampled publications.

In its simplest form, interaction takes the form of discussion, where parti-

cipants socialise, share advice and discuss a variety of topics - both on-topic and

off-topic - through the discussion platforms associated with participants (Curtis,

2015a). These discussion topics appear to be highly project-dependent, with

the focus of discussion in EyeWire’s chat being described as highly off-topic,

while in Zooniverse projects, topic discussions are highly specialised and task-,

5Internet Relay Chat, an externally hosted synchronous chat form, where small-scale com-
munities interact in discrete channels - each with a specific focus and community (Werry,
1996)
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interface- or science-related (Luczak-Roesch et al., 2014; Tinati et al., 2017a).

Participants use projects to ask questions, share their knowledge, teach, learn,

build relationships or share their opinions about the project or scientists’ de-

cisions (Darch, 2017; Jackson et al., 2014; Jennett et al., 2013).

However, not all uses of the chat interface are interactive. EyeWire, for ex-

ample, features a number of chat commands which participants use to assist

with and enhance the task completion process (Tinati et al., 2015a). In fact,

one of the most commonly used commands is \silence, which mutes the chat

window so that participants can contribute unimpeded by messages from the

community. While these commands are not interactive in the strictest sense,

they are nonetheless heavily used by the most active players to expand their

game experience and to facilitate social interaction, particularly at the end of

the completion of a task (Tinati et al., 2015a). While there is no reason to be-

lieve that commands are unique to EyeWire, there are no other publications

that demonstrate the use or availability of similar commands and tools in other

projects, possibly because in other projects IM-chat or other discussion plat-

forms are not integrated within the task interface or workflow to the same ex-

tent as EyeWire.

Alternatively, projects may offer collaborative task workflows, allowing par-

ticipants to contribute in groups or to build upon the solutions offered by fellow

participants and group members (Bauer and Popovic, 2017; Curtis, 2015a).

Within the sampled literature, the only evidence of a project in which such

activity occurs was FoldIt, which allows participants to form teams and to im-

prove upon the puzzle answers offered by other team members, with some de-

gree of collaboration through the integrated IRC-chat system (Curtis, 2015a).

There is no indication that such collaboration may occur in other projects, even

in projects which are in similar domains and which share the difficulty associ-

ated with FoldIt, such as EyeWire, Phylo and EteRNA (Curtis, 2014; Tinati

et al., 2015a). There are a subset of VCS games known as collaborative-tagging

games, based on the ESPGame6, which use a specific workflow where two parti-

cipants attempt to tag an image at the same time in a semi-collaborative man-

ner, but since players cannot interact with one another or see each other’s re-

sponses, these are not collaborative to the same extent or in the same manner

6A game-based activity where participants are presented with images at random and must
select a word or phrase to describe that image, attempting to guess the same word as their
partner, while avoiding specific ‘taboo’ words (Robertson et al., 2009)
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(Kaufman et al., 2016). Contrary to these projects, Mugar et al. (2014) sug-

gest that - at least in the case of Planet Hunters and Seafloor Explorer - VCS

workflows are specifically tailored to prevent this form of collaboration, with

participants prevented from seeing each other’s responses at any point in the

task workflow.

Interaction between participants and science team members may occur

either in a one-sided manner through the use of announcements and news, or

through direct discussion and interaction. There is little direct, conclusive evid-

ence within the literature demonstrating the extent to which direct interaction

occurs. For example, Curtis (2018b) notes that “some” scientists find fulfilment

in engaging with the community and in taking part in the community itself,

while others find such activities to be “challenging.” While Curtis explains that

this is partially influenced by the project task, she does not offer statistics or

examples from specific projects, contexts or scientists, beyond stating that this

has been a core element of FoldIt since the launch of the project.

Interaction may also be external, particularly in the case of interaction

between project scientists and external audiences, at conferences and through

press releases (Curtis, 2018b). Jennett et al. (2013) describes more personal in-

teractions between participants and friends, family or acquaintances who have

knowledge of or a connection to the field or research topic which is the focus

of a given project, stating that this connection can lead participants to engage

with VCS projects and heighten intrinsic motivations. Such external interac-

tion may also occur through external web-based or physical materials such as

research papers, blog posts, virtual activities such as interactive calls or through

social media, either led by scientists or project participants (Crall et al., 2017;

Jennett et al., 2013; Tinati et al., 2015b). In rare cases, interaction may even

take place through real-world face-to-face interactions (Cappa et al., 2016),

although there is not strong evidence for the frequency or occurrence of such in-

teractions and widespread face-to-face interaction is fundamentally incompatible

with the crowdsourced and international nature of VCS.

4.8.2 Motivation for and Engagement with Discussion

Unlike task interaction, there has been much less consideration of the factors

which encourage participants to engage with discussion and social features, al-

though there is some evidence within the literature – predominantly drawn from
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interviews and case studies, rather than larger surveys.

Both Curtis (2018c) and Mugar et al. (2014) describe legitimate peripheral

participation7 (LPP) in social features attached to VCS projects as a significant

factor in driving newcomers to discussion platforms. In essence, participants are

driven to social features and to discussion to benefit from the knowledge that

more experienced and more knowledgeable participants are able to share. In

the case of Planet Hunters and Seafloor Explorer as described by Mugar et al.,

participants can only engage in legitimate peripheral participation through

talk, as the nature of the task workflow in both projects is such that there is no

opportunity to observe and learn from others’ task submissions. Curtis, how-

ever, points to the occurrence of LPP in online communities within the similar

domain of distributed computing, where tasks are automatic, but where parti-

cipants are still driven to learn through chat systems. It should be highlighted

that in Seafloor Explorer at least, Luczak-Roesch et al. (2014) found evidence

of learning within the Talk community, as participants’ use of terminology be-

came increasingly specialised overtime, with initially common terms like fish

and thing gradually replaced with more specialised terms such as bryozoan and

cerianthid, although no significant effect occurred in Planet Hunters. This effect

does not only influence newcomers and less experienced users, but also drives

long-term participants and more active forum users to further engage with the

community, as an opportunity to teach and share their knowledge (Jackson

et al., 2014; Tinati et al., 2017b). In turn, these findings suggest an interac-

tion between community and discussion features and participants’ intrinsic

motivations, as the feedback loop suggested by Jennett et al. (2016) allows for

discussion-based learning to lead to increased interest in science and task.

A similar finding is the use of chat functions as an alternative to restrictive

task workflows. Focusing again on the Planet Hunters platform, Jackson et al.

(2014) carried out interviews with three highly active Planet Hunters Talk par-

ticipants and identified autonomy and opportunities to make use of new and

varied skills as a driver for Talk engagement. However, unlike LPP and learning,

this motivational factor takes longer to arise, with one participant waiting until

his 19th session and 279th classification to use Talk, as an opportunity to exer-

cise his skills and contribute to subjects about which he was particularly know-

7“The process by which newcomers become part of a community of practice...[where] the
meaning of learning is configured through the process of becoming a full participant in a
sociocultural practice.” (Lave and Wenger, 1999).
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ledgeable or in which he had particular interest. Jackson et al., also describe a

kind of branching out of Talk activities, where participants initially only observe

and leave chat comments, but over time turn to other resources and mechanisms

such as building collections of images or reading and commenting on project

blogs. Despite this, findings relating to this effect were ambiguous, being based

on comments from just one participant who admitted to only dabbling with

collections for a brief time before abandoning use of the feature. This aligns

with observations of the use of different features in another Zooniverse project

known as Gravity Spy, where engagement with collections and other Talk fea-

tures was much lower than Talk commenting and observation behaviour and

slowly decreased overtime (Jackson et al., 2017).

Discussion features also serve as an opportunity for participants to self-

organise and to potentially contribute more effectively or efficiently. Tinati et al.

(2017b) surveyed 1,365 EyeWire users regarding their use of the real-time chat

function and examined 53,090 chat messages. Managing and supporting task,

team and game processes was one of the three main factors identified by parti-

cipants as motivating their ongoing use of the chat system. Moreover, in terms

of chat messages, the longest and most active conversations tended to be those

surrounding self-organising and managing task and game processes, with such

conversations spanning hours - sometimes even overnight. Tinati et al. associate

these conversations with players’ intrinsic motivations, noting that engaging in

chat does not earn players the points and rewards associated with task comple-

tion and contrast the occurrence of these long, active, task-related discussions

with discussions in Zooniverse’s Talk. While participants do in fact self-organise

within Zooniverse projects through the use of Talk, both Darch (2017) and

Greenhill et al. (2014) describe this self-organisation as predominantly for fun

and it is not possible to state based on the sampled literature to what extent

such task-based organisation occurs. On the other hand, unlike EyeWire’s chat,

Talk is asynchronous and is also marked by much higher response times than

other question answering and discussion platforms (Luczak-Roesch et al., 2014).

Any task-based organisation would therefore be hindered by the platform itself.

As well as being beneficial, however, discussion features can lead to uninten-

tional negative behaviours. Darch (2017) and Morais et al. (2013) describe par-

ticipants sharing negative views about the research conducted through Galaxy

Zoo – for example, computer science research within a project which is predom-

inantly focused on astrophysics. In the cases highlighted by Darch (2017), the
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forum allowed these participants to become particularly influential and it is sug-

gested that participants who would otherwise have been satisfied with the pro-

ject became disillusioned with the project after exposure to these views. Non-

etheless, these factors in turn make discussion platforms beneficial for project

scientists, who are able to gauge opinions and issues within the community and

also to filter issues and significant questions raised by the community, rather

than using solutions such as email, which scale poorly for large communities

(Tinati et al., 2015b).

Lurking behaviour appears to be common within Talk. Jackson et al. (2017)

demonstrate that in the Gravity Spy project, Talk is one of the most popular

feature in terms of views, throughout the life of the project, but discussion fre-

quency is significantly lower across all four sub-boards: chat, help, notes and

science. Similar behaviour is common in EyeWire, although the nature of the

integrated chat interface means that the high proportion of players who do not

directly use chat are lurkers by default and viewing behaviour is likely unin-

tentional or non-existent among this group (Tinati et al., 2015a). Active en-

gagement in discussion features is demonstrated to be low across projects and

restricted to a small, highly active portion of the community, but it is unknown

to what extent lurking behaviour is common within other projects and platform

types.

4.8.3 Relation to Task

With the exception of the previously outlined experiments with virtual peers,

there is no evidence for the impact of competitions and task-related sociality in

participation. In terms of discussion-based sociality, while five studies present

findings related to the relationship between talk and task, these findings are

limited and somewhat contradictory and there is no consideration of temporal

aspects of productivity.

While 90.8% of participants in projects studied by Luczak-Roesch et al.

(2014) had completed at least one task, just 40.5% had made at least one talk

comment. As with task contributions, talk activity in Zooniverse’s Talk adheres

to a power law distribution with a small proportion of participants responsible

for the vast majority of activity, with highly active task participants tending

to also be highly active in talk as well (Luczak-Roesch et al., 2014). However,

Tinati et al. (2014) found only very weak correlation between the number of
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task contributions and talk comments made by individual volunteers. This is

supported by Jackson et al. (2016b), who identified that users corresponded

to distinct profiles, with heavy talk users contributing a moderate number of

classifications and heavy task contributors in turn contributing few talk com-

ments. However, in the case of Jackson et al, these results are based on results

from just one project and only consider participants who began contributing

during the course of the research period, resulting in a relatively low sample size

of just 277 talk participants. Based on anecdotal interviews with participants

in the same project, Jackson et al. (2014) suggest a relationship between the

decision to use Talk and long-term project participation, reflecting findings from

the FoldIt project (Curtis, 2015a, 2018b). Neither study offers concrete data

to support this suggestion. In the EyeWire project, Tinati et al. (2015a) find

that players who engage in the integrated chat message complete more tasks

on average than those who don’t, with a small group of highly active players

responsible for the vast majority of talk and task activity. Chat participants are

also shown to contribute for longer periods of time than non-chat participants.

On the other hand, chat participants spend far longer using chat than com-

pleting tasks and it is suggested that chat activity predominantly takes place

outside of – rather than during – tasks.

4.9 Discussion – Characterising VCS Engagement

Participants generally rated sociality and social features low in terms of the

impact on their decision to contribute to a project. Nevertheless, there are a

number of results which suggest an interaction between community features

and participant motivation. Intrinsic motivations have been suggested by Jen-

nett et al. (2016) to become strengthened through learning – a key motivational

affordance in itself – and Mugar et al. (2014) and Luczak-Roesch et al. (2014)

both suggest that this phenomenon occurs predominantly through discussion

rather than task features. While altruism is less associated with sociality, there

is a level of ambiguity within the literature. Example statements of altruistic

motivation are generally given as a desire to “contribute to science” or to sci-

entific research8, rather than to contribute to the greater good. In turn, Darch

(2017) suggest that participants require reinforcement and feedback that their

contributions are of value for scientific research purposes, and this feedback is

8see for example, Raddick et al. (2013)
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predominantly supplied through forums and other discussion features. In this

way, although expressed by participants in altruistic terms, motivations are

likely in fact motivated by some level of extrinsic motivation or collectivism,

with participants willing to contribute their time and effort on the condition

that these efforts result in research publications. More broadly, collectivism

and community norms were also stated by participants, but there is insufficient

evidence within the literature to identify to what extent this reflects explicit

visibility of the resulting community or in fact, to what extent the collective

efforts of the community and the ability to negotiate and discuss norms are

identifiable without discussion features. Certainly, there are contradictory res-

ults within the literature, with collective motives leading to a low click-through

rate for participant recruitment purposes, despite their significance as reported

by Stardust@Home volunteers (Nov et al., 2014).

At the same time, there are methodological weaknesses in the motivational

studies identified through the literature review process. While response rates

for surveys tend to be low, the rates within the sampled literature are partic-

ularly low given the relatively large communities associated with VCS activit-

ies. Moreover, the surveys were generally conducted for just a short period of

time – generally speaking just a few weeks – which given the engagement pat-

terns common to VCS projects suggests that the majority of participants are

unlikely to be aware that a survey took place. In particular, this skews results

to long-term participants and thus the importance of altruism as outlined is

likely over-exaggerated, given that altruism is associated with long-term con-

tribution patterns and in turn, motivations associated with dabbling will be

under-represented. There are also significant contradictions within some pub-

lications. For example, Baruch et al. (2016) found that the desire to contribute

to science was a significant factor in motivating participation, yet also that the

majority of participants who ceased to contribute did so because they found

the assets to be of low quality, raising the question of whether the desire to con-

tribute was truly that strong in the first place. It is ultimately impossible to

identify whether survey respondents were sourced from the same group and if

not, what factors initially drove dabblers to participate in projects. This, how-

ever, is not necessarily a methodological failing, given that even in explicitly

studying dabblers, Eveleigh et al. (2014) found little evidence for specific factors

motivating such behaviour.

It is also unclear to what extent VCS projects are designed around these
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motivations. While the sampled literature presented a relatively small num-

ber of methods which may increase contribution levels within VCS projects,

there is insufficient evidence to understand how widespread these approaches

are. Moreover, these findings are of course based on a somewhat outdated se-

lection of projects, given that many of the projects had been retired and only

relaunched at a relatively recent time. It is necessary, therefore, to conduct a

project review to better understand the common features used within VCS pro-

jects to drive and encourage contributions.

4.10 Summary and Conclusions

In this chapter I have presented the findings of a literature review conducted

over five databases, drawing on a total of sixty one publications. The key find-

ings of this review are as follows:

� VCS projects are contributory initiatives where volunteers predominantly

analyse data, through activities such as categorising, cataloguing, mapping

or transcribing.

� Research surrounding VCS has broadly focused on four design challenges:

ensuring accuracy, maximising contributions, recruiting participants and

retaining these participants long-term.

� Volunteers in VCS are predominantly motivated by altruism, intrinsic

interests in the science or tasks and less commonly, extrinsic motivations

such as rewards.

� VCS engagement is highly asymmetric, with a small portion of players

contributing the vast majority of the work and many players contributing

for brief, single sessions.

� Increasingly, projects are implementing discussion platforms such as blogs,

forums or custom discussion systems. These offer collaboration and op-

portunities for social interaction, while potentially encouraging long-term

activity and increased productivity.

What is less clear from the literature is the variety of features that are com-

mon to VCS projects, particularly in terms of community and social action. In

the next chapter, I will build upon these results using a review of 48 projects to

understand how well these literature findings are adhered to in practice.





Chapter 5

Online Community Features

Within VCS

As demonstrated by the previous chapter, it is unclear to what extent Vir-

tual Citizen Science is a social, community-driven process. The nature of the

tasks identified, the reliance on redundancy and repetition for quality assur-

ance and the apparent lack of collaborative and more extreme forms of Citizen

Science suggests an individual-driven, solitary process. Yet at the same time,

community and social features appear to be associated with increased levels of

participation and may be essential for learning and for engagement with VCS.

In this chapter, I will examine the presence of online community features

within VCS projects, as illustrated in figure 7. Drawing on recommendations

and findings from literature in the area of online communities, I will develop a

framework of four themes which are associated with attracting participation to

virtual community spaces and activities such as VCS. Observing the affordances

and mechanisms which correspond to these themes within a variety of VCS pro-

jects, I will explore the extent to which these projects are social, community

activities. Moreover, I will explore the duality of microtask and discussion activ-

ity and the predicted impact on player activity.

The rest of this chapter is structured as follows: firstly, I describe the online

communities literature and findings which were used as a basis for the develop-

ment of the four themes explored within this chapter. I then present the results

of the project review process, divided according to theme: task visibility, goals,

feedback and rewards. This is followed by a discussion highlighting key findings

and their relevance to the research questions which this thesis addresses. Finally,

137
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Literature Review
(Chapter 4)

Project Review
(Chapter 5)

Interview Sessions
(Chapter 6)

Competition Analysis
(Chapter 7)

High-Pressure Projects
(Chapter 8)

Synthesis
(Chapter 9)

RQ1: How is Virtual Citizen Science 
understood and realised today?

RQ2: What Online Community tools 
and features are present in Virtual 
Citizen Science projects?

RQ3: How do task-based social events 
influence task completion in VCS 
projects?

RQ4: To what extent is engagement in 
discussion associated with increased 
engagement in task completion?

Figure 7: This second study builds on the literature review to further identify the nature of – and any
online community features in – VCS projects.

I present concluding remarks and summarise the findings and situate them in

light of the findings of the previous chapter and the subsequent analysis to be

conducted.

A full list of the forty eight projects used for this analysis can be found in

appendix D. Since the project sampling and survey process was completed, the

EyeWire platform has introduced Panoptes : a Citizen Science design and imple-

mentation service, which allows any interested party to create their own Zooni-

verse project based on their own specification with the help of templates and a

simple browser-based tool, which assists participants in making both front-end

and back-end decisions (Bowyer et al., 2015; Vershbow, 2015). The aim of Pan-

optes is to significantly simplify the Citizen Science implementation process and

since its introduction there has been a significant increase in the number of Zo-

oniverse projects (Kosmala et al., 2016; Shuttleworth, 2017). However, because

of the nature of the Panoptes framework, particularly its template-based nature

and the relatively simplistic approach1, projects generated through the tool are

generally speaking more homogeneous and less tailor-made than those generated

beforehand. For this reason, no further sampling and surveying took place, as

it would be difficult to distinguish intentional design decisions from those made

1Panoptes was specifically designed with the intention to remove the need for project
scientists to be able to code and so each project is generated using the same browser interface
(Bowyer et al., 2015).
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solely on the basis of the tools and recommendations of the browser tool and

lack of alternatives.

5.1 Task Visibility

Echoing the findings of chapter 4, the project survey demonstrates that the mi-

crotask portion of projects offers little opportunity for interaction and sharing,

nor for autonomy. Task visibility features and the frequency of these features

are shown in table 7. In 44 of the 48 projects, assets were assigned automat-

ically to volunteers, with few opportunities for volunteers to select an asset or

task. The remaining four projects were either highly gamified – as in the case

of FoldIt and EteRNA – or combined data collection and data analysis pro-

cesses in the case of Bug Guide and iSpot Nature. EyeWire and Verb Corner

also feature task/asset selection, but this is a privilege reserved for certain high-

performing players (see Rewards). Five of these projects featured an area draw-

ing attention to assets requiring contributions from participants, due to either

time limitations, or as a quality assurance mechanism.

Mechanism # of projects

Notification of most recent chat activity 48

Free selection of discussion threads 47

Automatic Assignment of Assets 44

Sticky/pin function 43

Entity availability limited by classifications received 41

Follow function (by thread) 34

Completion percentage (by collection) 7

Dedicated area for entities in need of input 5

View other volunteers’ submissions 3

Customisable discussion feed 2

Entity availability limited by total number of entities 1

Task available for limited time 1

Follow function (by entity) 1

Table 7: Mechanisms which support task visibility.

Microtask contributions were also highly restricted, with limits placed on

the availability of assets and the number of contributions which could be made.
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41 projects made use of thresholds, with assets retired and no further classi-

fications sought as assets reached a set number of classifications. One project

– InstantWild – featured just twenty four assets across three categories, from

automated camera traps. As new assets become available, assets are retired and

so the opportunity to classify is restricted based on time and the number of as-

sets obtained. A number of other projects indirectly featured time restrictions

due to the nature of the task or subject of the research. Orchid Observers, for

example, asked volunteers to gather images of orchids in bloom, which given the

seasonal nature of the orchid can only be carried out during set months of the

year. EteRNA featured a ‘Cloud Laboratory’, where participants can propose

and vote on potential experiments using EteRNA infrastructure, but the large

number of projects proposed has resulted in time restrictions to maximise parti-

cipation. EyeWire features periodic, temporary competitions although these do

not restrict access to assets – only to competition bonuses (e.g., point rewards).

Returning to the typologies set out in chapter 4, only EteRNA and FoldIt

allow participants to engage in more contributory forms of Citizen Science –

proposing and running their own experiments. These were not, however, con-

tributory projects in the sense described by Wiggins and Crowston (2012), as

the subjects of the experiments available to participants are restricted (Khatib

et al., 2011; Lee et al., 2014). Certainly, at the time of conducting the survey

process, all three of the experiments suggested within EteRNA were suggested

not by volunteers but by representatives of professional scientific research bodies.

Participants do not conduct the experiments themselves, nor do they engage

in the analysis process after the data are generated. Even so, these represent a

far greater level of participant engagement with science than the other projects

described here.

In contrast to task elements, discussion platforms were much more autonom-

ous, with almost complete freedom on the part of volunteers to select discussion

threads and engage with conversations. Each of the forum services allowed par-

ticipants to select and contribute to any of the available discussion threads. No

retirement mechanism was present for discussion threads. Even in Zooniverse’s

talk, where individual retired assets have associated talk pages, talk pages are

not closed or locked upon asset retirement. Each of the forum-based projects

had a small number of locked threads, but these were for project-wide announce-

ments for which no comment was required, rather than a time- or popularity-

based process. In fact, discussion threads had several features to support and
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encourage long-term participation, such as the ability to follow or subscribe

to a given thread and stickied threads to allow participants to find important

threads even after many months or rarely, years. With the exception of Instant

Wild, all of the project discussion systems had some form of rule system regulat-

ing behaviour and so it is not entirely accurate to describe discussion platforms

as fully autonomous. Even so, each of the projects allowed for a relatively wide

range of discussion topics, with each of the projects from the Zooniverse plat-

form having a specific board reserved for off-topic discussion and general chat.

Ultimately, only three of the surveyed projects – Bug Guide, Instant Wild

and iSpot Nature – allowed volunteers to view each other’s submissions and this

was predominantly restricted to projects with a data collection element. In both

Bug Guide and iSpot Nature, volunteers can see the images submitted by other

volunteers and the species identifications suggested by the community. Orchid

Observers offers an interesting variant of this – volunteers are presented with

the images captured by other volunteers, but cannot see the suggested species

identifications, nor is there a common catalogue of image/species combinations.

Finally, Instant Wild allows visitors to see the aggregated submissions for any

active asset, but the restricted number of available assets also affects the vis-

ibility of these aggregations. Such restrictions on the visibility of participant

submissions did not apply to discussion comments, which were open and visible

to all visitors, except for the live-IM chat used in EyeWire and EteRNA and

FoldIt’s IRC service, which required volunteers to log-in to the system. FoldIt’s

IRC supports the use of channels and Curtis (2018b) suggests that individual

teams use their own channels to discuss in private, but the general IRC channel

is open to all who choose to participate.

5.2 Goals

While the lack of task visibility may suggest an isolated process, carried out by

lone individuals who have no interaction outside of discussion tools, this is not

entirely the case. Goals – particularly communal goals shared by the volunteer

community – were present in a minority of projects. Most commonly, projects

made use of classification challenges – a temporary drive to achieve either as

many classifications as possible within the time limit, or to reach a set number

of classifications. For example, Higgs Hunters, Planet Hunters, Planet Four and

SpaceWarps were each the focus of separate three-day challenges carried out
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Mechanism # of projects

Classification challenges 18

Competitions 14

Opportunity for Rare Discoveries 6

Meta challenges (fundraising, attracting attention) 5

Survey (user voting for entity naming, etc.) 4

Table 8: Mechanisms which support goals.

in partnership with the BBC’s Stargazing Live broadcasting. Each campaign

challenged volunteers to – as a community – make as many classifications as

possible across the three-day broadcast period. Stargazing Live campaigns have

been highly successful – at its peak, the SpaceWarps project generated 6.5 mil-

lion classifications across these three days, peaking at 2,000 classifications each

second2. Nevertheless, while highly beneficial for the four projects, this burst of

classifications is temporary. For example, two years after the challenge ceased,

the challenge period still accounted for the majority of contributions to the

Planet Four project3.

In each of the 18 projects where these challenges were found, the nature of

the eventual goal and the time period in which it must be reached meant that

individual volunteers could not hope to achieve the goal by themselves. There

were no individual-focused goals, although that is not to suggest that there were

no reward strategies for participating individuals. One example of this was the

Moon Mappers ‘Million Crater Challenge’, which asked the community to com-

plete one million classifications between the 20th of April and the 5th of May

2012. Reaching major milestones – every 100,000 classifications – would result

in a reward for a single member of the community who happened to make that

classification. Similarly, EyeWire features ‘Marathons’ where players must com-

plete a whole cell in less than 24 hours, receiving rewards based on the number

of classifications made within this period. To emphasise the sheer number of

classifications required in each case and the difficulty this poses for the com-

munity as a whole – let alone individuals – the million crater challenge was not

in fact completed for some six months after the challenge period ended and

the EyeWire blog features a number of examples of unsuccessful marathons.

2https://blog.zooniverse.org/2014/01/09/stargazing-live-the-results-are-in/
3http://blog.planetfour.org/2015/03/18/2-years-on-from-bbc-stargazing-live/

https://blog.zooniverse.org/2014/01/09/stargazing-live-the-results-are-in/
http://blog.planetfour.org/2015/03/18/2-years-on-from-bbc-stargazing-live/
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Moreover, while some of these challenges allowed volunteers to track the num-

ber of classifications made by other volunteers (see Rewards and Feedback),

there was no change to task visibility, with no opportunity to work together on

individual tasks or to view other players’ submissions.

An alternate, but similar goal-driven campaign is the use of (predominantly)

temporary competition events, with players driven to outperform others in

terms of the number or quality of submissions made during the period. Un-

like the classification challenges, which are community-based and collaborative,

these competitive events rewarded individual players, or occasionally teams. In

the more gamified projects, these are held regularly and in some cases under-

pin the gameplay itself – for example, the aim of Phylo is to achieve the best

score through the matching task. This was also the case in Old Weather, where

players move up a hidden leaderboard based on the number of classifications

they have made. Players compete to achieve the rank of ‘captain’ and are as-

signed various other ranks as they progress through the leaderboard. In less

gamified projects, competitions would be held almost externally to the tasks

itself. That is, information about the competition and any prizes would be

advertised through either the integrated project blog or via email, with little

indication in the interface itself that any competition took place. In Galaxy Zoo,

this included entirely external competitions: the ‘Galaxy Zoo Machine Learning’

competition encouraged players to develop machine learning algorithms to assist

in post-data collection data analysis processes, through an external platform.

Not all competition events were linked to or rewarded the quantity of classi-

fications. EyeWire’s ‘accuracy happy hour’ and ‘evil cubes’ competitions encour-

aged players to be as accurate as possible. In fact, the ‘evil cubes’ competition

is so named because players must complete 12 very difficult tasks, as selected by

other members of the community. Similar to the classification challenges, none

of the competition variants allowed players to view each other’s submissions.

Each of the gamified projects calculated rewards based on participant accuracy

and so again, these events were not significantly different from the underlying

task itself, but were an extension of core gameplay activities.

Conversely, not all goals involved task contributions. Five projects featured

‘meta-challenges’, where players were encouraged to assist with fundraising and

attracting attention. Each of these meta-challenges made use of the project

discussion platform either to deliver the competition – for example, to request

players share information about the project on social media – or to carry out
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the challenge, soliciting details from players for a fundraising campaign. Snap-

shot Serengeti ran a ‘Serengeti Selfies’ campaign, which raised funds to sustain

the project. Project scientists aimed to raise awareness about the project by

publishing a book containing amusing project image assets – those in which the

animals contained within the asset appeared to be posing for a self-portrait or

‘selfie’. An example of this can be seen in figure 8. Players would find the ‘talk’

discussion page for any suitable image and add a hashtag labelling that image

as a #selfie. In contrast, Planet Hunters solicited players’ suggestions for nam-

ing new planets discovered through the project, by asking players to complete

a survey or form, delivered at a separate URL. In such cases, while the Talk

system delivered the challenge, it did not gather the player responses. Similarly,

Snapshot Serengeti featured a second campaign – ‘Save the Memes’ – where

players were asked to select amusing assets and turn them into ‘memes’4 (see

figure 9). Volunteers created these ‘memes’ through an integrated button within

the talk platform, before sharing them through social media. This campaign

was highly effective, raising $36,324 and at its peak attracting 4,500 unique

volunteers to the Snapshot Serengeti project page.

In summary, then, meta-challenges and discussion platform driven goals did

not encourage players to discuss and interact with one another, but rather used

the discussion platform as a medium for achieving project administration and

sustainability goals. A further example of this is EyeWire’s ‘trivia’ competition

class, which players contribute to by answering questions using the IM-chat

system during competition periods. Players are not rewarded for chatting and

interacting with one another, but rather for being the first to give the correct

answer to a given question.

5.3 Feedback

Feedback mechanisms within the literature framework are divided into two cat-

egories: task-contingent, based on how many tasks an individual or community

has completed, or performance-contingent, based on the quality or accuracy

of an individuals’ or community’s contributions (Kraut et al., 2012). Further-

more, feedback may be quantitative and systematic, through the task interface

or comment/text-based, through the task interface, comments or through com-

4“An image, video, piece of text, etc., typically humorous in nature, that is copied and
spread rapidly by Internet users, often with slight variations.” Dictionary (2017)



5. Online Community Features Within VCS 145

Figure 8: Example of an asset selected through the ‘Serengeti Selfies’ campaign. Image Source:
https://blog.snapshotserengeti.org/2015/02/18/help-us-find-animal-
selfies/.

Figure 9: Example of an asset converted into a meme for the ‘Save the Memes’ campaign. Image
Source: https://blog.snapshotserengeti.org/2013/07/31/save-the-memes/.

munity features such as forum discussion.

As identified through chapter 4, the effectiveness of tutorials and other train-

ing materials is questionable, due to the need for such tutorials to be skippable

– particularly given the number of players who only contribute to projects for

limited periods of time. In two of the projects surveyed – EyeWire and FoldIt

– the training process is known to be largely insufficient to fully train players,

who must gain practical experience of the task through a significant number of

task submissions (Curtis, 2015a; Kim et al., 2014). Feedback, then, is poten-

tially vital for ensuring that players learn ‘correct’ behaviours and to accurately

complete the project task.

Nevertheless, performance-contingent feedback was relatively rare in the

https://blog.snapshotserengeti.org/2015/02/18/help-us-find-animal-selfies/
https://blog.snapshotserengeti.org/2015/02/18/help-us-find-animal-selfies/
https://blog.snapshotserengeti.org/2013/07/31/save-the-memes/
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Mechanism # of projects

Task-contingent feedback 29

Performance-contingent feedback 14

Performance-contingent feedback as numerical score 11

Gold Standards for performance-contingent feedback provision 7

Progress-bars for task-contingent feedback 7

Volunteer testing 5

Majority opinion-based performance-contingent feedback 4

Comments from science team 1

Table 9: Mechanisms which provide participants with feedback on individual contributions and overall
project progress.

projects studied, with just 14 projects featuring such feedback. In 11 of these

projects, this feedback was provided as a numerical score, with seven overlap-

ping with a points-based reward mechanism as discussed in section Rewards.

One relatively unique form of performance-contingent feedback was used in the

game Phylo; participants must pair nucleotides to build DNA sequences, which

the task interprets as participants matching similarly coloured blocks – see fig-

ure 10. Participants see live feedback on the different matches they have made

and these are then used to construct global leaderboards, allowing players to un-

derstand their performance relative to other players. In EyeWire, where players

receive feedback as a point score, the score is calculated based on a number of

criteria, including task difficulty and the extent to which the classification dif-

fers from the consensus received so far5. Since players do not receive a specific

breakdown of their performance, players must instead judge their performance

according to that of other players – a common factor in points-based feedback

within the projects studied. This was particularly complex within EyeWire,

however, as the task workflow includes additional activities such as scything –

correcting cubes – allowing for the later adjustment of scores.

On the other hand, in at least one project, points-based feedback is essential

for the performance of the project task. Within the FoldIt project, puzzles are

very difficult and the research conducted is often complex and not necessarily

presented in a manner which is accessible to players. Instead, players made use

of their point scores to understand how their performance matches with what

5http://blog.eyewire.org/how-are-points-calculated-in-eyewire

http://blog.eyewire.org/how-are-points-calculated-in-eyewire
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Figure 10: Phylo interface showing feedback on various stats and score, as well as nucleotide match-
ing task as represented by coloured blocks.

is expected from them and whether they were giving a useful or correct answer

(Curtis, 2015b).

The remaining four projects asked players to complete periodic tests, with

a score grading performance. However, this test was largely pass or fail, with

little context for the numeric score provided and no personalised feedback, or

advice on how to improve the score – nor even commonly made mistakes. Star-

dust@Home went furthest in this area, with the explicit opportunity for players

to receive feedback from members of the project science team. However, this

feedback was reserved only for cases in which players had discovered a potential

interstellar dust particle, which was very rare in the task itself. Furthermore,

given that less than 10% of the 81 candidates had received feedback at the time

at which this analysis was carried out, it is unclear if such feedback continues to

be provided.

As a result, it is unclear how effective any of these performance-contingent

mechanisms are in training and teaching participants about the task. It is also

noteworthy that in most cases, this feedback was only available for specific as-
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sets – with seven projects using pre-selected gold standard assets for such feed-

back and five using tests similarly based on pre-selected assets. In itself, this

lack of performance-contingent feedback is not surprising, given the difficulties

with associated with ascertaining the accuracy of responses, as described in

chapter 4.) However, even those projects which explicitly integrated gold stand-

ard images – for example, Planet Hunters – did not give players thorough per-

sonalised feedback, simply requesting players repeat tasks if the submission was

deemed to be inaccurate. One exception to this is FoldIt, where participants

modified their puzzle solutions based on the results of laboratory experiments

derived from the submissions project scientists deemed to be the most suitable

(Curtis, 2014).

A further four projects offered feedback based on aggregated submissions,

taking the majority opinion to be correct. In the case of three of these pro-

jects, this feedback was only provided as a point score, to prevent players from

knowing the exact accuracy of their submissions. Instant Wild, however, allows

volunteers to see all classifications (in an anonymised list), although this is not

feedback in the true sense of the word, as it is visible to any visitor to the site

and is not necessarily shown upon making a submission. The literature review

conducted in chapter 4 suggests that several projects use aggregated major-

ity results to ultimately judge the overall accuracy of the project. However, in

the majority of cases, these results were not explicitly shared with volunteers

– either being kept anonymous (as in the case of Old Weather as reported by

Roy et al. (2012)) or being shared in an academic publication (as in the case of

Snapshot Serengeti as reported by Swanson et al. (2015)). However, the reason

for not sharing these results with participants is unclear.

Task-contingent feedback mechanisms were more common than performance-

contingent mechanisms, appearing in 29 projects. In all cases, these mechanisms

tracked participants’ individual contributions to a project – and in the case of

Notes from Nature and Old Weather, specific asset collections – without giving

additional context. Kraut et al. (2012), for example, explain that community

members will benefit from fear- or benefit-based campaigns designed to inform

them that their contribution has value to the community or towards the com-

munity’s goal. Anecdotal evidence from VCS projects suggests that a similar

effect occurs, or at the very least, that participants require positive reinforce-

ment and to feel that their efforts matter (Cox et al., 2015a; Woodcock et al.,

2017). None of the surveyed projects provided such details through the main
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task interface, although all of the surveyed projects did provide updates on the

progress of research efforts when asked through discussion forums or through

integrated blogs. Such updates will be insufficient to ensure all participants

are aware of research progress, given that evidence from some Zooniverse pro-

jects has demonstrated that many participants do not view the Talk and blog

features at all (Jackson et al., 2016b, 2017).

Conversely, by offering discussion platforms, each of the surveyed projects

offered participants opportunities to give feedback to one another. The extent

to which this was encouraged and facilitated by projects was somewhat vari-

able, with Stardust@Home and Herbaria@Home featuring long-running ‘stickied’

forum threads with the purpose of allowing users to seek and offer feedback on

their submissions. Zooniverse’s Talk platform offers the opportunity to leave

comments and captions around assets – only visible within Talk – as a means

to share opinions and give feedback on classifications. While this appears to

be a common usage, it is unclear whether participants actually receive much in

the way of feedback as 90% of discussion comments sampled by Luczak-Roesch

et al. (2014) received no replies. In other projects, particularly EyeWire and

FoldIt which feature more complex tasks, there was no method to easily facilit-

ate feedback among players, with the exception of feedback from promoted play-

ers known as mentors in EyeWire, who have special tools specifically for this

purpose. Although in theory there is nothing to prevent science team members

and adminstrators from giving feeback, only Stardust@Home explicitly made

mention of such feedback within the project interface. The project features a

specific page for potential intersteller dust candidates, each of which should –

according to the page – receive a comment or comments from the science team

to confirm its veracity. At the time of conducting this review, however, just 12

of the 88 candidates had received comments and there had been no new com-

ments from the science team in over a year.

5.4 Rewards

Contemporary literature argues that rewards encourage people to provide con-

tributions. As table 10 describes, across the surveyed projects, rewards can be

supported through a variety of mechanisms. Rewards could be awarded based

on the quantity of responses, as task-contingent rewards, or on the quality of

responses, as performance-contingent rewards.
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Mechanism # of projects

Status rewards: Titles/Roles 41

Status rewards: Leaderboards 11

Points 11

Task-contingent rewards 11

Public announcement of achievements 7

Status rewards: Achievements/badges 5

Physical rewards 4

Unrevealed reward calculation factors 2

Privilege rewards: Additional tasks 2

Privilege rewards: Entity selection 1

Table 10: Mechanisms which reward participants and incentivise contributions.

It is important to note that few of the rewards described in the projects

surveyed have any explicit value – either in the ‘real world’, or within the pro-

ject itself. While four of the projects had physical rewards (prizes comprising

of branded merchandise), these were all available only temporarily, in conjunc-

tion with an integrated competition or campaign. Other than these prizes, none

of the projects featured exchangeable rewards – i.e., points, badges and leader-

board positions did not confer other rewards or prizes. On the other hand, these

rewards were somewhat linked, with leaderboard positions deriving from point

scores and badge rewards based on points or leaderboards.

Instead, many of the rewards derived their value from social mechanisms

– either the opportunity to display achievements and rewards to other players

and the wider community, or restricting rewards to a minority of the community.

This restriction was particularly important when conferring titles and roles.

With the exception of the Old Weather project – where players can earn titles

such as ‘Captain’ simply by completing transcription tasks – all roles and titles

featured restrictions. For example, in EyeWire, which features four roles, play-

ers must not only achieve certain criteria, but must then be selected for promo-

tion. These promotions are only available periodically and are only given to a

few players at a time.

Notably, there are two further social elements to titles and roles. Firstly,

in each of the projects that use titles and roles, recipients can display these to

other players, predominantly through chat features. In EyeWire, players who
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earn promotions gain a different coloured username in the IM-Chat interface

when engaging in discussions. This is particularly notable as these colours are

not otherwise indicated in the task interface – either in the leaderboard, which

does not include these colours, or in the global announcements displayed to

players. Similarly, in the Zooniverse and CosmoQuest platforms, eligible volun-

teers can display the title of ‘moderator’ through the discussion forum and talk

service.

Secondly, however, these titles and roles predominantly confer access to tools

and opportunities through the projects’ discussion platforms. In Zooniverse

and CosmoQuest, moderators are able to close and delete discussion threads,

or suspend or ban discussion participants. Similarly, EyeWire’s moderators

police the IM-chat interface, while the mentor class is able to train new players

and collaborate with them on cube completion tasks. Task-based tools and

opportunities were much rarer. The only example of these tools being given to

promoted players is EyeWire’s Scout and Scythe player class, who are able to

correct and mark incorrect cubes for repetition or further attention, as well as

select assets themselves, rather than relying on the random assignment given to

other players.

Beyond these rewards associated with titles or roles, access to new tasks or

tools was extremely rare. Just one project offered additional tasks as a reward

for participation – VerbCorner, where players earned new tasks by completing

a certain number of previous tasks. Similarly, just one project restricted access

to assets as a reward mechanism: EyeWire, where harder ‘level two’ tasks were

available only to players who have completed a specific tutorial, accessible only

after completing a certain number of level one cubes.

One issue posed by rewards is the possibility that players will deliberately or

accidentally modify their behaviour to maximise rewards for minimum amounts

of effort – in other words, the possibility of exploitation. Perhaps because of this

factor, it was difficult to identify any reward mechanisms which were explicitly

performance-based. EyeWire’s badges include a batch reserved for high accur-

acy achieved through a competition class. However, apart from this, all of the

rewards offered in projects were either task-contingent, or combined perform-

ance with other factors.

For example, EyeWire’s points are calculated based on several dimensions,

including at a minimum the accuracy of submissions and the time taken to com-

plete the classification. However, this time-based component is complex and
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while taking more time increases a player’s score, this portion of the score is

capped at an unspecified amount. Moreover, a full explanation of point rewards

is not given to players. An alternative, but similar approach was used in Ver-

bCorner, where task occasionally awarded players with bonus points, but how

and when was unclear. As a result, beyond EyeWire’s specific badges, there

were no solely performance-based reward mechanisms.

5.5 Discussion

There is significant variation in the level of sociality present within the sampled

projects. The most social projects include the Games with a Purpose, specific-

ally EyeWire and FoldIt, which feature integrated chat systems6, frequent col-

laborative and competitive events, individual- and group-based participation

and rewards and extensive opportunities for feedback relative to the perform-

ance of other players. If we consider sociality as a spectrum, then at the oppos-

ite end would be Galaxy Zoo, which features no use of collaborative or competit-

ive goals, no reward of any kind for participants and no feedback outside of the

Talk platform.

Moreover, in some cases there are significant barriers to entry for discussion

participation. Specifically, in the eight projects with discussion board forums

(except for EteRNA) players were required to register separately using distinct

registration details to communicate through the forum system. This was also

not a trivial process, as it took in excess of three months before my request

to join the Stardust@Home forum was accepted. In addition, the structure of

each project meant that accessing the discussion platforms was often completely

optional and required players to leave the task interface or even, in the case of

EteRNA and FoldIt, to leave the project website altogether. Given that on the

whole, volunteers reported few motivations related to community and discussion,

these barriers are likely to discourage engagement in discussion, even where this

discussion might support players’ intrinsic or altruistic motivations (such as in

the case of the serendipitous discoveries highlighted by Tinati et al. (2015b)).

In each of the projects included within this review, tasks were solitary and

hidden from other players, with few social or collaborative elements. In fact,

6FoldIt’s chat system uses Internet Relay Chat which requires players to use a separate
external client, but Curtis (2015a) suggests that the use of IRC is common among active
players and essential for group participation and thus, chat can be seen as an integral – if not
entirely integrated – part of FoldIt.
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only two projects (FoldIt and EyeWire) allowed players to contribute as a team

and only two projects allowed players to view each other’s submissions, with

one of these restricting such access to a minority of specially selected players.

Even where team play was available, there was no change to basic gameplay, as

participants were still expected to contribute individual solutions and could not

work together to develop contributions. Autonomy was limited in every project

and there were no opportunities to engage in collaborative, co-created or ex-

treme Citizen Science through the task interface, with only EteRNA and FoldIt

mentioning the chance to engage in the publication process. At the same time,

discussion platforms were much more autonomous, with little structure and the

chance to engage in discussions without restrictions. This suggests that discus-

sion features may be essential for overcoming limitations in the tasks themselves.

Returning to the analysis provided in chapter 4, Jackson et al. (2014) suggest

that this autonomy is an important incentive for talk participation in Planet

Hunters. Yet at the same time, the proportion of active talk participants in the

platform is very low and Jackson et al.’s analysis draws on experiences from just

three players. As a result, while discussion autonomy may in theory provide in-

centives to participate in and liberation from the highly restricted project tasks,

in practise the extent to which this has an impact on the community is likely to

be limited.

These findings raise questions about the purpose of discussion features and

the reasoning behind the decision to implement such features in VCS projects.

Previous analyses have suggested that – for Zooniverse at least – the talk plat-

form is essential for task completion and offers opportunities for “peer question-

answering support, serendipitous collaboration and social community building,”

(Tinati et al., 2015b). Conversely, this review has raised doubts about the effic-

acy of discussion platforms for collaboration and question-answering. The lack

of task visibility renders it almost impossible for players to collaborate around

tasks: response times within Zooniverse’s talk platform regularly exceed several

hours or even days (Luczak-Roesch et al., 2014) and the random assignment of

tasks and inability to return to previous assets would make any responses moot

if not received immediately. Similarly, any opportunities for serendipitous collab-

orative discovery are by their nature highly limited. These long response times

similarly pose issues for question-answering, particularly given the tendency

for players not to return to projects after completing a single, short session, as

highlighted by Ponciano and Brasileiro (2015).
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Viewing projects in the light of Actor Network Theory, participant activities

are clearly strongly influenced by the design of VCS projects and the features

and tools provided to participants. In the projects analysed within this chapter,

volunteers have very little agency to select tasks and control their own activities

and what agency they do have is generally a result of discussion rather than

task features. To consider the example of the serendipitous discoveries that have

occurred within Zooniverse projects, in which participants took a somewhat

more active role in scientific discoveries, these were facilitated by talk features,

rather than task activity (Cardamone et al., 2009; Tinati et al., 2015b). Dis-

cussion platforms allow participants to select their own tasks, go beyond the

simple analytical processes involved in tasks and to potentially influence the

research agenda (Jackson et al., 2014). As Tinati et al. (2015b) note, project

scientists require assistance in filtering important queries or findings as they are

simply too busy to interact with participants directly and this is reflected in the

finding that just one project offered participants feedback from scientists. In

this sense, then, echoing the description of non-human agency by Latour (2004),

the features and technologies associated with VCS projects play a key role in

controlling and preventing volunteer engagement in scientific processes.

5.5.1 Comparison with Chapter 4 Results

In contrast to the picture suggested by the literature review findings – that is,

that discussion and community features are optional and used only by a minor-

ity of players – this project review suggests that community and social features

play an important role in incentivising task completion. While explicit engage-

ment in conversation may be uncommon, chat features and community-facing

mechanisms lend legitimacy and value to the rewards and extrinsic motiva-

tional factors present in VCS projects. On their own, for example, badges and

point scores are somewhat meaningless, particularly given the tendency for

obfuscation and hidden or unclear reward schedules in the surveyed projects.

Instead, these become incentives through opportunities to display badges and

point scores to other players and to compare leaderboard rankings and achieve-

ments.

Interestingly, in some projects incentives were split between task and discus-

sion elements. For example, while competition campaigns were predominantly

focused on task elements only, indications of the scheduled start and end times,
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reward schedules and in some cases character and narrative features were re-

served for discussion platforms only, or for project blogs. A good example of

this is the Million Crater Challenge, which was advertised and carried out solely

through the Moon Mappers blog and through the CosmoQuest forum, with no

indication in the task interface itself that any such campaign was going on. Sim-

ilarly, EyeWire’s competitions are accompanied by blog postings which include

thematic artwork, start and end dates and upcoming point rewards, none of

which are indicated through the task interface or even the live IM-Chat. In fact,

for some competitions, the blog also features a progressing narrative arc such as

a ‘Whodunnit’ murder mystery, but there were no indications or reflections of

this narrative arc in the competitions and interface itself – see figure 11 for an

example.

As a result, it is unclear to what extent players who avoid discussion plat-

forms and blog postings would even be aware of these campaigns. While in the

case of EyeWire the competition would nevertheless remain visible and incentiv-

ise contribution through competitive activities, in the case of Moon Mappers,

the effectiveness of the campaign hinged entirely on players being aware of the

goal(s) and associated rewards. An analysis of the Moon Mappers blog shows

that updates on the campaign did not occur and it is notable that it took six

additional months to achive the million crater goal – although it is impossible

to state with any certainty whether this was simply due to the goal being other-

wise unattainable.

A comparison of the project review findings with the volunteer motivations

identified through the literature review raises further differences – particularly

in terms of rewards. While the term rewards implies extrinsic motivational

factors, it is notable that there were no similar explicit mechanisms for intrinsic

motivations and altruistic motives – the two most commonly cited motivations

within the literature. For example, Segal et al. (2015) describe that targeted

interventions upon classification, which clarifying the scientific purpose and

progress made based on participants’ contributions increase the rate at which

volunteers return to projects from 6.7% to 9.7% (Segal et al., 2015). Yet such

interventions were absent in the projects studied. While occasional project up-

dates were present in all projects, either through blog or discussion systems,

these appeared to be ad hoc and intended to indicate the publication of sci-

entific results or attendance at conferences. It was also not possible in some

cases to discern whether updates were official, or posted by enthusiastic or ob-



156 5. Online Community Features Within VCS

Figure 11: Thematic blog post announcing the beginning of EyeWire’s murder mystery competition.
Note that this ‘hunt for suspects’ narrative was predominantly present through the blog and was not
reflected in the task itself.

servant volunteers.

Furthermore, there is a level of ambiguity in the literature with regard to

the effectiveness of rewards. Few studies of motivation in Citizen Science made

explicit mention of rewards, but Nov et al. (2011a) noted that participants were

not enthusiastic about the use of reputation mechanics. Nevertheless, leader-

board rankings and status-based rewards were the most common within the

projects surveyed. It is notable that these rewards were predominantly associ-

ated with more gamified projects and it is possible that this may explain the

distinction between the literature and project findings, particularly since Nov

et al. (2011a) did not explore gamified projects and Games with a Purpose.

Even so, with the exception of Old Weather, all projects used full leaderboards,

allowing participants to compare their performance to all other participants



5. Online Community Features Within VCS 157

who had contributed to the project or collection, with some restrictions such

as time or whether the contribution was made by an individual or member of

the group. Unfortunately, all of the surveyed projects showed large disparities

in participant performance, particularly in the case of EyeWire. This large dis-

parity suggests that comparative feedback is not as effective as it would be were

participants only shown the performance of participants with scores closer to

their own, given the findings of Laut et al. (2016) and Diner et al. (2018) that

comparison with high performing participants results in reduced levels of con-

tribution and the findings of Eveleigh et al. (2013) and Kraut et al. (2012) that

unachievable goals such as extremely high performing community members are

in fact demotivating for participants.

The use of goals and challenges also diverged from the motivational factors

described by volunteers in the literature. While collective motives were pop-

ular factors identified within the wider literature, the lack of task visibility

makes it unlikely that VCS project tasks can be described as ‘collective’ activ-

ities. Yet even where common goals were present in projects, it is debatable

whether they could be described as ‘collective’. Classification challenges, for

example, had very few opportunities for collective attributes, beyond indica-

tions of community-wide contribution levels. Furthermore, there were almost as

many projects with competitions as with community classification challenges.

Yet competition is at odds with the ‘common goals’ which Rotman et al. (2014)

describe as being key to participant motivations.

Finally, the lack of performance-based feedback and personalised corrections

is a particular point of departure between the literature and the surveyed pro-

jects. On the one hand, the importance of such feedback for project accuracy

is likely to be low – particularly given the finding that projects without such

feedback nevertheless achieve very high levels of accuracy through redundancy

alone (Roy et al., 2012; Wiggins and He, 2016). At the same time, Jennett et al.

(2016) propose a feedback model which states that in the absence of opportunit-

ies to learn, volunteers will eventually become disinterested and leave projects.

It is clear that providing such feedback is inherently difficult in VCS, given the

lack of methods through which a conclusively ‘correct’ answer to a research

problem can be identified. However, a common finding among the projects stud-

ied was the lack of opportunities for learning – for example, to identify recurring

errors and self-correct. This places greater importance still on the opportunity

to gather feedback, where possible, through discussion platforms, given the as-
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sociation between discussion and learning within the literature (Luczak-Roesch

et al., 2014; Rotman et al., 2014)

5.6 Summary and Conclusions

This chapter has described a review of online community features within 48

VCS projects across four themes.

� VCS projects vary considerably in terms of the features, incentives, tasks

and degree of collaboration and feedback that are available to volunteers.

� Nevertheless, projects share a general lack of opportunity to view or share

contributions with others, or to build on other players’ solutions.

� Although projects share overarching goals, the use of specific and more

tangible challenges is rare. Such challenges are generally sporadic, al-

though more gamified projects make use of competitive events and activit-

ies.

� It is not common for participants to receive direct feedback on their sub-

missions. Where such feedback is available, it is generally task-contingent

(e.g., total submission counts) or otherwise obfuscated. Players must gen-

erally rely on discussion and player-to-player feedback plays a significant

role in enabling learning and improvement.

� In spite of the importance of intrinsic motivations and altruism in VCS,

rewards are relatively common across projects, conferring status or achieve-

ment indicators.

However, exactly what motivates these design decisions is not entirely clear

from the literature and project reviews. To address this question, in the next

chapter I present findings from a set of interviews with the team behind the

VCS project EyeWire, to better understand the factors which influence the

design process.



Chapter 6

Understanding the Design

Process

The previous chapter discussed the large variety of online community features

used within Citizen Science projects. It remains unclear, however, which factors

drive the inclusion of specific mechanics within the sampled projects. While

Kraut et al. (2012) associate these features with increased productivity, it is

unclear whether this is true for developers and to what extent they consider

these mechanisms to be appropriate for use in VCS contexts. This chapter – as

illustrated in figure 12 with respect to the preceding chapters – aims to explore

the processes involved in the design of VCS projects, with a particular focus on

what factors influence the inclusion of specific features and mechanisms. For

this purpose, I conducted three semi-structured interview sessions with six full-

time members of the EyeWire design and administration team as outlined in

chapter 3. I begin by outlining the context of the EyeWire project, including

the task and scientific purpose. Following this, the findings of the interviews are

presented, grouped into four themes which arose during the data analysis and

coding process: project needs and success, observed volunteer motivations, the

four online community themes form the project review framework and the role

that sociality plays within EyeWire itself and in terms of productivity. Finally,

I conclude with a discussion of the implications that these findings have for this

thesis.

159
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Literature Review
(Chapter 4)

Project Review
(Chapter 5)

Interview Sessions
(Chapter 6)

Competition Analysis
(Chapter 7)

High-Pressure Projects
(Chapter 8)

Synthesis
(Chapter 9)

RQ1: How is Virtual Citizen Science 
understood and realised today?

RQ2: What Online Community tools 
and features are present in Virtual 
Citizen Science projects?

RQ3: How do task-based social events 
influence task completion in VCS 
projects?

RQ4: To what extent is engagement in 
discussion associated with increased 
engagement in task completion?

Figure 12: The interview process drew upon evidence and findings from the project review, to under-
stand factors that influenced the implementation of online community features within EyeWire.

6.1 Project Context – EyeWire

EyeWire is a crowdsourced Citizen Science initiative with strong game elements,

where participants identify neuron cells in Magnetic Resonance images of mouse

retina and trace the path of these neuron cells within each image to enable fu-

ture research (Kim et al., 2014; Tinati et al., 2017a). The project corresponds

to the data analysis category identified in chapter 5, with no data collection

processes and participant activities not extending to the publishing, data pre-

paration or research question definition stages (Tinati et al., 2015b). Players

are assigned a ‘seed’ segment of a neuron by the Eyewire algorithm and must

trace the path of this neuron from the seed to the opposite side of the cube,

with multiple trace submissions aggregated to ensure accuracy (Kim et al.,

2014). Scan images are presented to players in the form of a three-dimensional

portion of the larger neuron cell. Players contribute by mapping cells within

two-dimensional cross-sections of the three-dimensional image, with many two-

dimensional segments making up the overall three-dimensional ‘cube’ which

participants submit, as illustrated in figure 13.

EyeWire is complex compared to many other VCS tasks (Kim et al., 2014).

Although players do not need specific expertise to contribute to the project, the

barrier for entry to the project is high, as to contribute effectively, players must

develop their tracing skills (Borrett and Hughes, 2016; Lieberoth et al., 2014).
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Figure 13: EyeWire tracing interface, showing left hand 3D cube view with seed and tracing, right hand
2D cross-sectional view and bottom left corner live chat overlay.

In contrast to FoldIt, which is similarly complex and features a lengthy but op-

tional tutorial, the EyeWire tutorial is short, yet compulsory, but is insufficient

to train players in how to trace, with the most successful contributors investing

“tens of hours” and “thousands of cubes” while learning how to trace (Curtis,

2015b; Kim et al., 2014)

6.2 Themes and Heading Categorisation

As noted in chapter 3, a phenomenological approach was used to analyse and

code the interviews and define common themes or categories which the Eye-

Wire team’s experiences share. This chapter presents those common themes as

headings, with distinct subheadings in each category that arose from the com-

monalities and terms that the EyeWire team used, as well as from the literature

review and project review findings. The aim of this chapter was specifically to

understand the tools and features present in EyeWire, but also to understand

what factors had influenced the introduction of these features. As a result, it

was through this lens that the interviews were coded and assigned to themes.

The first of these themes is project needs and success. This theme is a cent-

ral concept within the EyeWire design process and by extension, throughout the

interview sessions, as it is based on these needs that strategic decisions about

the project were made and the resulting project grew. Although the specific

needs described by the team diverge somewhat from those identified in chapter

4, they are presented here as identified through the interviews rather than the
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literature, as each of the participants identified common issues and these issues

were subsequently referenced by participants when explaining their experiences.

An additional theme discussed heavily by participants was volunteer motiv-

ation as perceived by the interview participants. It would be unreasonable to

expect the team’s predominantly anecdotal observations to accurately reflect

volunteer motivations and it is unsurprising that the motivations described by

the team do not fully or accurately map to the motivational factors outlined in

chapter 4. Nevertheless, these perceptions similarly proved instrumental in the

decision-making and design processes associated with EyeWire and the team’s

views are presented here predominantly on this basis. Moreover, it should be

highlighted that in the absence of these perceptions, the decision-making pro-

cess in EyeWire can otherwise seem counter-intuitive – for example, with the

team prioritising competitions despite the outcome of surveys such as that con-

ducted by Tinati et al. (2017a). Although approximately one fifth of survey

respondents contributed to EyeWire for fun (20.12%), the largest proportion did

so out of a desire to advance the aims of the project (28.92%) or of science gen-

erally (26.49%). Only a very small proportion of respondents mentioned com-

petitions as a factor motivating their participation in EyeWire (1.21%) and this

was a smaller proportion than those participants who played EyeWire to relax

and avoided competition (6.67%). An emphasis on competitions, then, would

appear to have the potential to alienate more EyeWire users than it would mo-

tivate, although it is unclear to what extent those users who find EyeWire fun

do so due to the use of competitions.

Having established the basis on which the design decisions were made, the

third theme identifies the specific online community features included in Eye-

Wire, as well as further rationale for their inclusion. These design decisions are

subcategorised based on the different themes used during the project review,

as the interview process is intended to support the project review process by

explaining why certain observations may have been made. No other broad cat-

egories were described by the EyeWire team, either individually or collectively

and this is likely due to the high reliance on goal and reward strategies within

the project.

Finally, the role of sociality in EyeWire is considered. This theme was highly

emergent and was included both on the basis of the overarching research ques-

tion explored within this thesis and due to the emphasis placed by the team on

the importance of sociality in EyeWire.
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6.3 Project Needs and Success

Throughout the three interview sessions, participants described three key factors

which heavily influenced the design process. These factors are: ensuring overall

efficiency, providing a fun and game-like activity and public dissemination. This

section outlines these factors and the influence they have had on EyeWire and

provides a grounding for subsequent discussion of the EyeWire design process.

6.3.1 Efficiency and Cost-Effectiveness

Ensuring EyeWire is as efficient as possible has underpinned many of the design

decisions made by the team in recent years. Unlike other VCS projects, the

tracing task within EyeWire was previously a full time job, with professional

neuron tracers employed to complete much the same tasks that volunteers do

now. As a result, the VCS task output from EyeWire is frequently compared

with the work and workload performed by full time professionals:

“The way we gauge success from a scientific standpoint is ‘are we getting
these cells mapped? Are they getting mapped accurately? Is it faster
than paying people to do it? Than paying tracers to do it?’” (Participant
1 )

Although volunteer submissions were compared with professional traces in

terms of both quality and quantity, participants 1 and 5 noted that ultimately

quantity and efficiency were the more significant concern. This was true even

though participant 5 noted that volunteer traces were no more accurate than

the traces provided by professionals:

“We were trying to go faster. We were trying to complete more cells,
faster, because at the end of the day, it does cost money to run Eye-
Wire. And it has to be cheaper to do this than to just pay tracers and
surprisingly, after a couple of years of Eyewire it wasn’t really that much
cheaper.” (Participant 1 )

“There was a push to try and make EyeWire more efficient than it cur-
rently was. Because for a time, when you really did the maths, it was like
the amount of money that was being put into paying employees to run
the Citizen Science game itself was more than the money being put into
paying tracers at Princeton to just do it themselves and the quality of
the data was not necessarily better on our end. So it was like, what is the
point?” (Participant 5 )
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In fact, while participants described the need to assess both accuracy and

productivity as the two main success criteria within EyeWire, these two facets

are not necessarily compatible. Throughout the sessions, participants described

a number of trade-offs resulting from the desire to balance the need for accurate,

yet efficient volunteer tracing. For example, participants 5 and 6 described an

intended change that the team had hoped to make to the quality assurance

process within EyeWire, potentially sacrificing the quality of traces to allow for

an increase in quantity. This change would be accomplished by removing the

need for redundancy for a certain proportion of the player base, such that high

performing players would be weighted accordingly and allowed to trace cubes

without the need for aggregation. Ultimately this feature had to be scrapped for

mathematical issues with the underlying algorithm:

“It was gonna be crazy. It was gonna mean that some people who were
really good were going to be able to do cells almost single-handedly, in
that their probability of being right would be so high, that the system
would trust them enough to spawn new cubes from what they were doing,
for instance.” (Participant 6 )

This drive for efficiency plays a role in restricting the features which can be

added to the project. In the majority of cases, participants pointed to a lack of

time and resources as the main reason for an inability to make desired change

to EyeWire:

“I feel like most of our features that we want that haven’t been imple-
mented are based on time and priorities that they haven’t gotten built...
There’s a variety of things, but I’d say 90% of the time it comes down to
we just don’t have the bandwidth to do everything.” (Participant 4 )

This lack of resources not only prevents the introduction of new features,

but also has left the team unable to overhaul existing features that are unfit for

purpose. In particular, the game masters and community director all felt that

the tutorial process was – and had long been – insufficient to teach participants

how to trace cubes effectively, but the need to prioritise project efficiency not

only influences the features that can be added, but also the time available to

the team to make changes to the platform:

“Our tutorial could use an overhaul.” (Participant 4 )

“Tracking how many people, like, get through our [tutorial process]... I
don’t remember those percentages off the top of my head except that like
they’re all predictably low.” (Participant 6 )
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While this drive for efficiency was predominantly financial, it also stemmed

from the needs of the project scientists. Participant 3 introduced a further

trade-off between accuracy and productivity – how the needs of project sci-

entists compare to the needs of participants:

“The scientists at Princeton say we need to get more work done and
we either need to make sure that the meshes are more accurate or more
focused so sort of our features can either be driven by the community or
the scientists which is interesting.” (Participant 3 )

Where these two clash, the team have had to reduce engagement and motiv-

ation among the player base by prioritising the scientific research needs of the

project. This can best be seen with regard to the format of meshes1 which are

presented to participants. While the science team needed meshes to be more

accurate to aid with research, the participants perceived the changes negatively:

“We changed the way that we generated the 3D meshes. It’s very new
geometry. It had a different look to it... They’d definitely grown attached
or were very used to the old way that things look.” (Participant 3 )

“The interesting thing about what [participant 3] is saying is that sort
of the meshes that [we] ended up developing were sort of superior to the
previous meshes in basically every way. They had sort of fewer discon-
tinuities in them and they were more scientifically accurate, but ironically
the community had grown accustomed to the discontinuities in the old
meshes.” (Participant 2 )

These suggestions are not unique to EyeWire. Gardiner et al. (2012) associ-

ates increases in accuracy with increased cost and reduced research pace across

citizen science projects. Even so, this need to balance accuracy and productiv-

ity highlights the importance that even small gains in motivation can hold in

ensuring the efficiency of projects. The trade-off and at times, incompatibility

between the serious, scientific nature of the project and the need to appeal to

players was a recurring theme throughout the interview process and can be seen

as a notable force in shaping the design decisions made throughout the history

of EyeWire.

1The team use the term ‘meshes’ to describe the cross-sectional scan in which participants
click to conduct tracing – that is, the right hand square within figure 13



166 6. Understanding the Design Process

Figure 14: Screenshot of three different puzzle interfaces taken from the game Monument Valley,
described by participant 12.

6.3.2 Fun and Engagement

One factor that the team felt was very important was that participants would

play EyeWire for fun and perceive the task as a game. Participant 1 summed

up the design process in this regard by making comparisons with the popular

mobile games Angry Birds and Monument Valley (shown in figure 14):

“We’re trying to be like a real game. A game that people play for fun,
that millions of people play. So we look more at like Monument Valley
and Angry Birds and these more light-hearted puzzle games.” (Parti-
cipant 1 )

This process, however, was fraught with challenges resulting from the need

to balance fun with the serious nature of the underlying scientific processes.

Both participant 3 and 5 explained that the main source of fun in EyeWire is

not necessarily from a game-like activity, but rather from the opportunity to

produce a 3D scan from a 2D image, or to make something from nothing:

“One of the main things it’s always come down to, especially with Eye-
wire, is basically you’re able to click on a point and something happens.
So, this kind of ability if you want to get esoteric in a sense, to create ma-
gic, right? You’re able to create something by doing something.” (Parti-
cipant 5 )

2Image Source: http://www.funoon.co.uk

http://www.funoon.co.uk
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“I think we had a class at NYU and one of the guys basically said that
the one area of fun that we have is the satisfaction of clicking in the 2D
and then seeing a 3D model appear. It’s a very basic interaction there.”
(Participant 3 )

Participants each identified several factors which pose barriers for making

EyeWire into a game. The first of these was the type of gameplay and the un-

derlying activity. Each of the participants described a game genre with which

they felt EyeWire was incompatible:

“There’s no way I could say anything about what makes a game like
Eyewire or any... Community/multiplayer game successful and like, have
it apply to something like Myst.” (Participant 6 )

“I think it depends a lot on the context of the game, the genre you’re
shooting for, is it a fast game? Is it a slow game? Are we solving puzzles?
Are we mutilating aliens?” (Participant 2 )

However, the largest barrier to participants 5 and 6 was the absence of pro-

gression and a final goal to achieve, a feature which they felt was central to the

experience within many games:

“Certainly if you want to say that the ultimate reward systems, in some
games, is to give them the feeling of having beaten something... Almost
no citizen science game is going to give that feeling. Unless the outcome
is ‘you cured cancer! Good job!’” (Participant 6 )

“I think one thing that maybe is important, for some games at least and
it feeds into our system as well, is that even if you are doing fairly repet-
itive tasks, it’s nice to know you’re getting better at them... Even though
there isn’t a level system, even though you aren’t playing level 20 because
[in EyeWire] there is no level 20.” (Participant 5 )

As suggested by participant 6, however, the issue is not that the game lacks

a narrative to overcome, but rather how this ties into the feeling of being rewar-

ded. All participants felt that the most significant element of any game-based

system is the provision of rewards for player activity:

“There’s some stuff that’s universal, like you have to get adequate re-
wards for what you’re doing.” (Participant 5 )

“It needs to be not just that you’re getting rewards, but it feels like it’s
proportionally appropriate?... I don’t know, if Mario were going along
just collecting coins and not ever getting any coin stuff, it would sort of
be like ‘woo, he’s getting coins? Who cares! The coins don’t...translate
into anything!” (Participant 6 )



168 6. Understanding the Design Process

Even so, it is important to consider that EyeWire is very much a rewards-

based game. EteRNA, Phylo and also the target games described by participant

1 such as Monument Valley (shown in figure 14) make use of very puzzle-based

interfaces, where there is a clear goal to reach and the experience derives from

solving the puzzle. This is not the case in EyeWire – participants earn points

as a reward for tracing, but the interface itself is not a game in the conventional

sense, beyond the interaction described of being able to make changes within

the interface:

“Your core task in Eyewire is map a branch of a neuron from one side of
the cube to the other and the reward that you get for doing that cube is
you get points.” (Participant 1 )

There are further tensions between the nature of VCS and the design of

EyeWire as a game. Participant 2 stated that the team felt that on the whole,

VCS games were unengaging, while participant 1 did not feel they were real

games:

“Well, one thing that we’ve kind of said in the past that our goal is not
to be the best citizen science game, because that’s maybe not to high of a
mark.” (Participant 2 )

“In our eyes we’re not trying to be like a citizen science game. We’re
trying to be like a real game.” (Participant 1 )

Still, the team did not point to specific examples of citizen science games

that they felt were not real games. On the contrary, participant 2 pointed to

EteRNA as having precisely the look and feel of a real game:

“I think there are some games, ETERNA, for instance, that feels like a
game. It literally feels like a great game on the internet – it’s engaging.
The graphics are cool. The interaction is really fun.” (Participant 2 )

Moreover, whatever the team’s perceptions of citizen science games, the

nature of EyeWire as a citizen science activity leads to a number of restrictions

in terms of what the team can add to the project, due predominantly to fund-

ing:

“There are people who’re like serious gamers who have like, requests and
then we go – Well, we’re a citizen science game (laughs) we’re not a full
game studio so I think that... Knowing our limits is key in some of our
feature development.” (Participant 5 )
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“Most citizen science projects have much lower budgets, right? I expect
you would see much less bells and whistles. You won’t see all the things
that are really expensive to create unless you’re a really well funded cit-
izen science project or unless you’re really adept at getting people to help
you build things.” (Participant 1 )

In addition, the serious nature of the game means that the team have to

think carefully about the kinds of activities and imagery which are featured

within the project:

“I would say, I mean, there are a lot of games that are violent out there
and I wouldn’t expect a citizen science project to be a violent game.
In the inverse, citizen science projects are usually building, you know,
they’re more like world builder games, rather than destruction games...
And though a citizen science project is competitive, it’s not as compet-
itive. It’s like, collaborative and competitive at the same time.” (Parti-
cipant 1 )

“EyeWire as a brand has a voice in the way that we speak to our play-
ers and we have expectations that the players expect us to behave in a
certain way... So we might come up with a competition that is pirate
themed, which is sort of classic past or we might come up with one that
is space pirate themed.” (Participant 2 )

Ensuring a game is fun, then, is a difficult task within a VCS space. Pro-

jects are associated with significantly lower levels of funding than other games

and there are features that are simply incompatible with the serious nature of

virtual citizen science activities. Even so, at their core, projects can be enga-

ging and share an activity that – no matter how esoteric it may be – captures

the imagination of participants and can function as a game even if the activity

remains relatively repetitive and work-like.

6.3.3 Public Dissemination and Awareness

A lesser, but still significant element influencing the design of EyeWire involves

public dissemination and spreading awareness of the project, neuroscience and

science more broadly. Participant 2 noted that the team explicitly monitor

social media to confirm whether participants are sharing news from the project:

“I think that one other component in addition to how much work we’re
getting done and user engagement, is how much traffic are we getting on
social media? Are people sharing our images, are people sharing their
achievements in the game? How are we being talked about? I think that’s
another really interesting metric.” (Participant 2 )



170 6. Understanding the Design Process

On the other hand, participant 1 was not sure to what extent EyeWire as a

project includes options to share activity to social media platforms:

“I think right now, there’s not a lot of easy ways to tweet and share stuff.
Basically when you sign up for a competition, there’s an option to Face-
book it or Tweet it... Or when you get a badge you can Facebook it or
Tweet it. But those are really the only two times that we like, explicitly
invite players to share things.” (Participant 1 )

Participant 5 extended the importance of public awareness more broadly,

from social media to general knowledge or awareness of the project among the

public more generally:

“I mean, there’s other ways to gauge success, too, for a project, is, you
know, there’s always the virality of it – the popularity of... Most people
have heard of FoldIt or of Eterna and you know, it’s... Have people heard
of this, are they having people interested in it?” (Participant 5 )

Conversely, however, participant 1 felt that one of the greatest strengths of

citizen science was the opportunity to share science with a greater audience:

“I would add there’s kind of another definition of success in that we’re
reaching a lot of people... Allowing a lot of people to see neurons who’ve
never seen them before. To maybe spark curiosity in people... And citizen
science really showcases this.” (Participant 1 )

At the same time, however, participant 1 explicitly drew a comparison

between public awareness needs and ensuring the scientific outputs of the pro-

ject:

“Yeah, there’s all the other externalities of like visuals and like science
communication and what not, but if our goal is to map neurons, we bet-
ter damn well be going faster than paid people who are mapping neurons
all day.” (Participant 1 )

Ultimately, though, no matter how successful a Virtual Citizen Science pro-

ject may be in terms of public dissemination, it is by scientific outputs – by

productivity and efficiency – that the project is ultimately judged. It is unclear

to what extent this holds true for all projects, particularly those which have

never involved the work of paid individuals on a large scale. For example, Lin-

tott et al. (2008) describes how galaxy classification was carried out by unpaid

individuals, in an unsustainable and inefficient manner. Yet, it appears that
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efficiency and productivity underpin perceptions of the importance of Citizen

Science initiatives. To return to the categories described by Wiggins and Crow-

ston (2011), these projects are not education projects. The main aim of the

project is not to raise awareness of issues, but to complete scientific research.

6.4 Volunteer Motivations

A prominent theme within participants’ responses concerned the perceived

motivations of EyeWire volunteers and the behaviours that aligned (or failed

to align) with these motivations. Across the three interviews, participants de-

scribed a diverse variety of motivations and motivational factors, corresponding

to specific volunteer behaviours and the feedback and responses from the com-

munity to specific features and events. Participant 2 described a cross-section

of motivations, aligned to different members of the community, which he felt

were important to consider when designing and developing EyeWire and the

associated tools and features:

“Are they motivated by points? Are they motivated by joy? Are they
motivated by the community? And I think that we have players that are
motivated by all of these categories.” (Participant 2 )

6.4.1 Altruism

Despite the importance placed on altruism by the wider literature, none of the

participants mentioned altruistic motivations directly. However, participant 1

described altruistic motives as part of a longer list of factors that she believes

drive participation in EyeWire:

“The people who want to play Eyewire are people who are interested in
making a difference, right? They want to help us understand the brain.”
(Participant 1 )

Discussing the issue in more depth, participant 1 explained that EyeWire

– the game, project and community – must rely on altruism if it is to function

effectively. For a brief time and prompted by external sponsorship, EyeWire

offered monetary rewards to certain participants, based on performance (i.e., as

competition rewards). This policy was disastrous in terms for player behaviours,

prompting cheating, botting and low quality submissions, but more importantly

had an extremely adverse effect on the overall community and environment,

leading to reduced engagement:
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“I think when you pay people to do well, it incentivises a different type
of person... It also opens up a dialogue of: why aren’t we getting paid?
We’re doing work. You have people who work for you who are doing stuff
really similar to us, they get paid. Why don’t we?... It created suspicion
within the community. So if someone came in and started doing really
well on the leader board, the players were like: are they really playing or
are they cheating? And that’s not the vibe that you want.” (Participant
1 )

Conversely, throughout all three interviews, participants placed a large em-

phasis on the importance of rewards: tangible rewards such as merchandise and

intangible rewards such as points and badges. This emphasis was supported by

the participants’ experiences of the launch of the Scythe Complete feature. In

spite of communicating with the players to explain the importance of scythe

complete for overall project accuracy and efficiency and relying on players’ altru-

istic natures, the team were disappointed to find engagement with the feature

was initially extremely low. Participants 2 and 3 described the feature as ‘failed’

or ‘a failure’ and participant 1 described the preparation for the launch in de-

tail:

“We did numerous beta testing sessions with the players. Showing them
how to do it. And getting their feedback on Scythe complete and trying
to explain to them why scythe complete was important and why we need
to go and mark the branches as confirmed/complete. We built this com-
plicated new feature into the game and then we launched it and nobody
used it.” (Participant 1 )

When pressed on why they had ignored the feature, players considered it to

be too much work:

“They were like ‘Oh, well, we just – We dropped down on the leader
board. It just feels like work.’ I think it felt like work because there was
no reward... [Then] we built two entirely new sets of badges, complete
with like the thing... And with that, they started using it. (Participant
1 )

These findings echo those of Darch (2017), that participants are not motiv-

ated to complete workloads which they perceive to be unworthy of their time,

although in the case of Galaxy Zoo as described by Darch, there is no reward

for players to earn. This raises questions regarding the extent to which altruism

truly drives participation in VCS – particularly in more gamified projects and

those with rewards. Within EyeWire, at least, altruism is insufficient to drive
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participation in more complex or slower tasks and players expect to be rewar-

ded accordingly for participation. This was not unique to the scythe complete

feature, as participants 2 and 3 described a similar issue with the generation of

meshes as described previously. Clearly, then, for the most active players, points

and associated rewards are the most important factor governing participation.

New features and changes, regardless of how beneficial they may be to science

are perceived negatively by this highly active group and there appears to be a

trade-off between overall project efficiency and individual player efficiency – or

at the very least, players’ perceptions of their own accuracy. This may at least

partially result from the highly gamified and point-driven nature of EyeWire

gameplay, but it is important to consider that the self-reported motivations

from EyeWire players as described by Tinati et al. (2017a) do not strongly differ

from those of other projects. Altruism is one of the three strongest reported

motivational factors reported by players – yet this does not align with player

behaviours and feedback.

6.4.2 Intrinsic Factors

Intrinsic motivations are highly significant in Citizen Science initiatives and

EyeWire is no exception to this (Tinati et al., 2017a). Participants did not

refer to intrinsic motivations at length, but nonetheless noted interests in the

underlying science, neuroscience and the brain itself to be key motivational

factors for EyeWire participants:

“They want to participate in a research lab. They want to communicate
with scientists. They want to interact with other gamers who also like
the brain. They’re a pretty brainy bunch! Like not to be punny, but they
really like to talk about science and tech articles and things.” (Parti-
cipant 1 )

In addition to the underlying scientific aims of the project, participants also

mentioned players’ interests in the technology and infrastructure that enabled

the EyeWire project:

“Though I do directly talk to the community and even about you know
technology, because they’re so passionate about Eyewire they also get a
bit passionate about the technology of Eyewire, making sure the servers
are working perfectly.” (Participant 3 )

In fact, contrast to the findings of chapter 4, participants had contradictory

opinions on the importance of the underlying scientific research for EyeWire
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players. Participant 6 did not believe that the opportunity to be involved with

the publication of research was motivating for all players, while participant 2

felt that contributing to science was a key driver for engagement:

“So I know of a couple of papers that have published for Eyewire, play-
ers have been mentioned in the paper as authors and... So... However...
That’s something that’s a little bit nerdy, in a sense, it’s not a... It’s kind
of a different fulfilment for some people, than others... But that’s really
outside of the game, in itself. So creating some kind of system inside
might need to be artificial... It would be a good motivator for people to
do it. Do the science.” (Participant 6 )

“I think that the players take that to heart. They feel like they’re really
contributing to the science and enjoying it in the process.” (Participant
2 )

However, while the wider literature suggests that volunteers’ intrinsic in-

terests – particularly in the underlying science – are most important for driving

the decision to participate in a project, the team suggested that this was not

entirely the case:

“It’s very hard to say for sure whether anyone cares or whether that
curiosity or that ‘huh, that’s so cool looking’ turns into something later
down the road... One thing that we’ve actually kind of struggled with,
with Eyewire is I think, you know, it’s gotten really serious looking and
intense looking and it’s really important to make it fun. And engaging.
And appealing to people enough to start.” (Participant 1 )

At the same time, however, participants noted that player motivations –

particularly intrinsic motivations with regard to interest in science – are not

always compatible with the realities of the scientific process.

“It had been two months since the previous hangout and one of the play-
ers was like ‘so what have you learnt from our neurons since last time’?
And I think one of the researchers was like... ‘Oh, we haven’t even looked
at them’. You don’t do that. That was the truth, but it kind of made the
player feel like crap, because they’re all like ‘oh man, we’ve been working
so hard!’ Doing all these neurons... So in a way, to ease the burn of the
slowness.” (Participant 1 )

Returning to the theme of feedback from chapter 5, it becomes clear that

while players benefit from task-contingent feedback and from feedback on sci-

entific progress, this can have negative impacts on players’ intrinsic and altru-

istic motivations if progress is perceived as too slow – which is often the case.
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On the other hand, it appears that delaying or avoiding such feedback has less

of a negative impact on player motivation and engagement and participant 1

explicitly described preventing interaction between players and scientists as a

solution to this problem. Participant 6 raised similar issues, in terms of the im-

pacts of the delayed gratification common to VCS and scientific initiatives on

player engagement:

“There’s sometimes a need to have some sort of immediate duel satisfac-
tion or... Something like that, that isn’t necessarily immediately available
in a science game. So, in that case, sometimes you do need to create some
kind of artificial, little extra kind of thing.” (Participant 6 )

The decision to design and frame the core tracing task and wider project

in terms of a game was originally driven by feedback from early tracers and

students that the tracing activity held an element of fun:

“Completing the work does have an element of fun that is why this thing
even started. It was a research tool and they thought there was some
element of fun there.” (Participant 3 )

However, as described previously, participants 3 and 6 stressed that this

was not necessarily fun in the most conventional game sense, but in an “eso-

teric sense”, where players enjoy having the power to manipulate the in-game

world, clicking and interacting on an object to transform it. This form of fun

has wider, overarching implications for the design of - and player engagement

with - the EyeWire project. Expanding on the theme of fun and intrinsic mo-

tivations, a commonly recurring issue within each interview session concerned

participants questioning the nature of EyeWire as a fun or at least, game-like

experience. Participant 3 was particularly concerned with this issue:

“I guess I’ve been trying to make the task itself a game and that’s always
been a big question, you know... We call it a game, but is it a game? So
I’ve been trying to see how we can make that experience more game like.”
(Participant 3 )

Participants 5 and 6 gave more detail when discussing this issue, noting

that the core EyeWire task shows little variation and is thus very different from

other games – even those which rely on puzzle-based game play. :

“We’ve applied [features] to Eyewire as far as kind of knowing that we,
unfortunately, have no variation in our task. What we do have is at least
a variation in the typography, but not in the action.” (Participant 6 )
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6.4.3 Social and Community Factors

In spite of the importance of ‘fun’ as a part of the EyeWire task, a commonly

recurring theme within each interview was the perception that tracing cubes

could be monotonous – particularly during longer play sessions. Participant 5

saw this as a key issue within EyeWire and thus believed a central responsibility

of the game master role was to use chat to make the game more engaging:

“You know, coming up with fun stuff to do so that people continue to be
excited about this extremely repetitive task that we’re having them do for
hours on end.” (Participant 5 )

All 6 participants viewed the integrated chat system to be a crucial element

of EyeWire - in many cases second only to the points and reward systems:

“We also have chat, which is a big part of our community. They... They
talk to each other and enjoy it as a social means, they also use it to com-
municate about the work that they’re doing.” (Participant 4 )

Nevertheless, participants 1 and 2 went beyond chat, viewing the wider com-

munity and associated interaction as the most important factors for participant

engagement. In the case of participant 2, community and interaction forms part

of the central game itself and is analogous to interaction with AI opponents,

such as in the case of competitions:

“I would say one of the most important factors is community, I think
community is crucial, I think creating ways for your community to engage
with your project and each other, that’s really important... [Players]
being engaged with [other] players, whether they’re humans or whether
they’re AI, in EyeWire’s case we have both, which is pretty interesting.”
(Participant 2 )

Conversely, participant 1 described community and interaction as a reward

mechanism, where players are congratulated and receive positive reinforcement

from their peers:

“You’re online to get your badge and to get your points but also you’re
congratulated by your peers because it’s publicly noted in chat and
there’s like big golden things that pop-up in chat which you can click
on to see other players’ badges. And everyone’s like ‘congrats, way to
go,’ so I think it adds an element of like human reward and kind of com-
munity reward to it... You want your community to be embracing and
when someone new comes in and is kicking ass, you want your community
to be congratulatory.” (Participant 1 )
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Expanding on this, participant 1 described a reward cycle where chat rein-

forcement offers players the opportunity for progression, self-improvement and

eventually promotion:

“It becomes a kind of grass-roots levelling up system so rather than in
most games there’s a very clear path to get to the next level, in Eye-
Wire it’s like if you’re active in the game and you’re talking to people in
the chat, then the players might say ‘hey, are you interested in being a
scout?’” (Participant 1 )

Nevertheless, it appears that – for participant 3 at least – chat and com-

munity are not inherently necessary features of EyeWire. Chapters 4 and 5

have suggested that Citizen Science activities are relatively solitary, individual-

centred activities and EyeWire is no exception in this sense. Nevertheless, chat

plays a crucial role in providing freedom and allowing participants to take a

break from the potentially monotonous and repetitive core activity:

“Our normal cube experience could almost be done – if it was fun – could
be done without a community. It’s independent. It’s not required to
communicate.” (Participant 3 )

Participant 6 likewise described a group of players known as ‘lurkers’, who

are characterised by low levels of chat participation and mid-low levels of task

participation. It is unclear whether this low level of task participation is a result

of a lack of integration into the overall community, but participants 4, 5 and

6 noted that this group were relatively unresponsive to community activities

(particularly competitions):

“However, if we talk about that weird grey middle ground of people who
aren’t power players, or who aren’t what we would call newbies. They
aren’t as vocal in chat per se.” (Participant 6 )

“They didn’t seem to do any more than they usually do.” (Participant
5 )

In summary, chat is a secondary feature of EyeWire: one that is neither re-

quired to carry out the core tracing task, nor commonly used by the entire com-

munity. Nevertheless, this feature is viewed as highly significant by the design

team and one they have observed to be highly engaging for the more active por-

tion of the player base – a portion who respond positively to the relationships

they build, the positivity offered by fellow players and the freedom and escape

offered by chat participation.
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6.4.4 Extrinsic Factors and Rewards

As previously described with regard to altruism, both participants 2 and 3 ex-

pressed the belief that it is the reward schedule of EyeWire more than any other

factor that influences volunteer behaviour:

“Some of our top players, they play until it kind of no longer is a game
and it’s a way of life. You know, they put in 40 hours a week, so... It’s
about pure efficiency, so they’ll turn off the transitions between tasks as
they call them, cubes as our other players know them, because they just
want to get a high score, higher score all the time...” (Participant 2 )

“[Players are] driven by the points.” (Participant 3 )

This heavy emphasis on points and extrinsic factors clashes with the in-

trinsic and altruistic motivational factors identified in chapter 4 and the team

were all too aware of this. In fact, participant 1 identified implicit contradic-

tions in the statements made by participants in feedback to the team (and other

external individuals) and their in-game behaviours.

“They like to say that they don’t play for points, but they do.” (Parti-
cipant 1 )

In spite of the lack of consideration given to extrinsic factors throughout the

surveyed literature, the team described a key player behaviour associated with

points and reward scheduling. Players would prioritise tasks according to the

volume of points available for completion of a task and how quickly they could

accumulate points through a given activity:

“Anything that contributes towards your points score is definitely more
incentivised than things that don’t.” (Participant 4 )

“I think people like the points score the most, not just because it’s on the
leaderboard, because it’s kind of the core interaction that they’re familiar
with, but also... It’s a value that can accrue the fastest in a sense. Like,
you can get more than one point at a time, for a cube. Where as every
other stat in your profile derives in a simple one-to-one ratio of some
kind... They’re usually more excited about their point score, because it’s
usually going to be their biggest score.” (Participant 5 )

Nevertheless, it should be noted that EyeWire is inherently a points-based

game, as described by the team themselves. It is not necessarily surprising that
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players are motivated predominantly by points, as this is the core interaction

of EyeWire. In addition, as the team noted, many of their views are influenced

predominantly by ‘power players’ – long term and highly active players, who by

their nature are those who are driven by the inherent points-based gaming activ-

ities. Players for whom rewards-based gaming is of less interest are less likely

to remain with EyeWire or at least, are less likely to engage heavily with such

points-driven tasks. In fact, participants 4, 5 and 6 touched on the presence of

such less engaged players who they characterised as lurkers, noting that such

players were less responsive to reward mechanisms:

“Now there were some newer players, who were maybe very interested [in
rewards] and they were getting really involved in Eyewire, initially and
some of those players did want to [win prizes]. And that’s because they
were excited. However, if we talk about that weird grey middle ground
of people who aren’t power players, or who aren’t what we would call
newbies... They aren’t as vocal in chat per-se... We do have lurkers. They
were less likely to be excited to win something like that.” (Participant 6 )

“Yeah, I think they weren’t like turned off that this was happening, but
they didn’t seem to do any more than they usually do.” (Participant 5 )

In addition to reduced engagement in features such as scythe complete, this

prioritisation also raises issues with productivity and efficiency. While the most

important factor in determining efficiency is the number of cubes traced, overall

efficiency is also dependent on other activities such as scything, which do not

offer such large point rewards. Moreover, this focus on rewards has had unin-

tended consequences among the top performing players. EyeWire determines

accuracy based on a majority voting algorithm, with administrative actions

(scything and completing) performed after cubes are gathered, to correct the ag-

gregated cube and player scores. As a result, more accurate players can initially

earn a lower score, before corrected cube submissions are made.

“Their scores are based on consensus so it’s based on what other people
have determined to be right, rather than a hard and fast, you know ‘this
is the right answer’. So I think that can be hard especially for new play-
ers, just starting out, to not know immediately about whether they did
something right or wrong.” (Participant 4 )

This phenomenon persists in EyeWire even now and – when combined with

the importance players place on points – has led to difficulties in encouraging

the completion of simpler cubes, as players are unwilling to take a hit to their

accuracy and resulting score – no matter how temporary this may be:
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“There is some issues with accuracy being shown, in that certain higher
ranked players prefer not to play on easier cells, because they’re more
likely to be compared with lower ranked players. And that can temporar-
ily affect their accuracy.” (Participant 6 )

“Oh yeah. Even temporarily – They’re so sensitive about it that like,
‘guys don’t worry, things will get reaped and fixed, your accuracy will go
back up, don’t worry’ ! They’re like ‘no!’ Slipping out of the 95% rank,
it’s not amazing any more.” (Participant 5 )

6.5 Online Community Framework

During the interview process, participants made comments which aligned with

each of the online community themes within the project review framework, as

well as specific features that were observed in EyeWire and additional projects.

This section outlines those comments and what they suggest about the design

process of VCS projects as online communities.

6.5.1 Task Visibility

Although Kraut et al. (2012) suggest that task visibility can motivate parti-

cipants to do more work, the EyeWire team have progressively restricted the

option to choose individual tasks. This was predominantly due to the observa-

tion that newcomers would join the project, complete a tutorial and then begin

work on a very difficult cube, resulting in players becoming demoralised and

leaving the project:

“We realised that sometimes we’re dumping people who have just done
10 tutorial cubes into a very advanced cell. And it’s no wonder that they
were really confused and leaving immediately. So we differentiated the
task based on difficulty.” (Participant 1 )

As with all of the projects surveyed in chapter 5, EyeWire has no opportun-

ity for group or team participation. However, unlike the other projects – where

this lack of team participation appears to be a result of the reliance on majority

voting to produce aggregated responses – the team showed a keenness to imple-

ment team-based participation. The restriction, as identified by participants 1

and 3, was not a result of underlying accuracy or scientific concerns, but due to

a lack of resources and difficulties posed by the core gameplay of EyeWire and

lack of specialised roles that could support team-based play:
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“One thing that we’ve talked about a lot but it’s a little tricky to figure
out exactly how the interaction is gonna work is kind of to get people to
work together on a team, um... I know we’ve talked about different roles,
like everybody kind of specialises in a different area. However, EyeWire
is kind of like this one... It’s a fairly narrow skill set. Well we have a few
different areas with maybe a slight difference in skill is required. But
there’s not so much specialisation. It’s just kind of like how good you
are.” (Participant 3 )

“We’ve built a notification system, a pop-up system, a better infrastruc-
ture for joining teams. An idea for how players could form their own
teams and compete. There’s so many things that we have imagined [but
not implemented]” (Participant 1 )

Although players cannot view each others’ submissions, EyeWire features an

implicit form of task visibility. The project overview features an overview of cur-

rently active cells, with completed cube segments coloured according to the spe-

cific player(s) or more broadly, specific player classes (see figure 15). The main

value of this feature, however, is not in its use by players, but the opportunity

for the team to see at a glance how work within the project is progressing:

“I’m looking at a cell right now, that cell on that TV screen is all purple.
Dark purple. That means that the players have all scythe completed it
and if the game masters go to all the cells and they all look dark purple,
that means the players are using scythe complete and we don’t need to
run stats in order to see that.” (Participant 1 )

Participants 4, 5 and 6 discussed a different form of task visibility, concern-

ing the narratives and artwork associated with competitions and in-game events.

While all participants felt that these were important features for engaging and

motivating a portion of the player base and also a significant responsibility

of the game masters’ role, participant 5 in particular noted that the team are

largely unsure if players actually view and experience these blog-based features:

“The people who are slightly less dedicated, but still like, play a lot, I
think tend to more just come to the game and not look at our blog, not
look at our Facebook page, stuff like that. So they wouldn’t necessarily
always know.” (Participant 5 )

While participants viewed VCS as collaborative, they had clearly struggled

to introduce true collaboration to EyeWire. The restrictions in task visibility

were not the result of intentional decisions designed to prevent players from in-

teracting, but were instead necessary due to issues of engagement and accuracy
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Figure 15: EyeWire cube visualisation interface, showing a specific player’s completed segments
(highlighted) of the currently active cell (darker segments)

within the project. Despite the team’s willingness to introduce team-based play

to EyeWire, the realities of VCS and lack of diversity make this difficult. VCS

tasks are designed to be completed by all players, while the team viewed task-

based activities as requiring different players to engage in different roles. This

suggests that a truly, team-oriented VCS activity may currently be difficult to

implement. On the other hand, Crowston et al. (2018) notes that Galaxy Zoo

Quench failed to achieve its goals due to a lack of coordination, suggesting that

as projects move towards more collaborative citizen science models, teams and

roles will become increasingly vital for research.

6.5.2 Goals

The team were motivated to introduce goals to EyeWire partially in response

to weaknesses in the inherent nature of VCS. On the one hand, VCS projects

have explicit goals for participants, which are a core strength of the project,

particularly in terms of volunteer motivations, something which participant 1

was particularly aware of:

“[Our advisors] from like Warner Brothers and Blizzard and stuff – what
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they’ve said is that we have something that they would like, never have.
That they would kill to have, which is purpose. And that is something
that Citizen Science projects should play up. You know? I think no
matter how gamified that you become, you shouldn’t lose your purpose”
(Participant 1 )

Even so, participant 6 called the effectiveness of these goals into question,

noting that the scientific research goals of projects are simply too high level to

be appealing or accessible to the player base:

“Well, I guess kind of like you said – the problem with most citizen sci-
ence games is you can’t win... Unless the outcome is ‘you cured cancer.
Good job.’” (Participant 6 )

This was something participant 1 also reflected on, noting that “science

goes slow.” As a result, participant 1 felt it was important for any game, but

particularly EyeWire, to offer opportunities for the player base to ‘win’ while

playing:

“It should make you feel like, you know, you’re winning along the way.
Right? Every little success in a game – It’s giving your brain that anticip-
ated reward, that dopamine release that makes you feel good when you’re
playing.” (Participant 1 )

Goals were also motivated by a rapid fall in traffic observed after the launch

of the game. After an initial period of high traffic and contribution rates, sub-

missions to the project quickly began to fall – a factor which Sauermann and

Franzoni (2015) suggest is common to VCS projects:

“We launched Eyewire, there was a huge bump in traffic and then after
like, a month it just dwindled back down and we were like ‘crap, what’s
going on?’” (Participant 1 )

Participant 1 explicitly felt that this was linked to a lack of goals, or more

specifically a lack of competitions. Player 1 did not expand in significant detail

why this might be the case, but instead stated her opinion that competition is

an integral element of any game. This conclusion is somewhat surprising given

the comparison made to puzzle-driven mobile games such as Angry Birds and

Monument Valley by the same participant:

“You know, a game without competition is arguably not a game.” (Parti-
cipant 1 )
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In response to this drop of traffic and the assumption that competitions

were a significant game feature that the project was lacking, the team decided

to trial an event to encourage team-based competition. This did not allow play-

ers to collaborate, but instead teams pooled points based on the social network

from which they had heard about EyeWire:

“We realised that most of our new traffic was from social. So it was like
Facebook vs Reddit vs Google Plus... Vs Twitter vs Team X – the vet-
erans, the players who’d been playing since public beta.” (Participant
1 )

Competition infrastructure was missing from EyeWire at the time of the

event and this led to significant issues which had not been foreseen prior to the

event, with a significant portion of the workload lost due to a merger – an im-

possible seed which is spawned by the algorithm in response to previous errors.

Even so, while the competition was not entirely successful in terms of getting

work done, it was still highly effective in driving participants to EyeWire:

“It’s probably because we don’t have any competitions! These people
expect a game. Let’s give them a game... So what we did is we called
it the Eyewire Games and it was a battle of social networks... Actually
unfortunately during that competition there were some server issues and
there was a huge merger that was grown and because we didn’t have
a way to remove them, Team Reddit got hit and a huge chunk of the
work that they did was removed... But I think it turned out okay and it
rejuvenated our traffic and it set the precedent for ‘okay, maybe the site
is going to do ad-hoc competitions, maybe we should keep an eye on it’.
And our traffic kind of slowly was rising.” (Participant 1 )

Since then, the team have introduced regular competition events, held fort-

nightly, monthly and quarterly. Participant 1 went on to describe that this is

due to the effect that these competitions have on player numbers and on overall

productivity:

“The themes for the competition, the narratives that go with them, the
art, the timing of the events, these are all coordinated and created by our
game masters and our illustrators. But they do prove very effective in
getting players to come back and to up their participation.” (Participant
1 )

As well as productivity, however, there are also competitions which tie into

the desire for accurate tracing, as described by participant 6:
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“We have lots of different competition formats. We don’t just have peri-
odic ’get all the points you can’ sort of things... Like it’s competitive, but
it also trains their skills, like Evil Cubes... Every week we usually have
a Happy Hour, which is just, like, giving special bonuses based on how
many points you get in the first place... Our big competitions, we also do
an accuracy Happy Hour, which is trying to do the same thing, but also
be as accuracy as you can in the process, because then you’ll get special
accuracy-based awards as well...” (Participant 6 )

Yet an additional beneficial outcome of competitions is interaction and en-

gagement within the community. Even so, it should be highlighted that the

team specifically felt the need to introduce a competition format for this pur-

pose, suggesting that competitions alone are insufficient for community engage-

ment, no matter how social they may be:

“And we also have our trivia, which happens during those competitions
that has absolutely nothing to do with game play itself.” (Participant 6 )

“It’s community engagement.” (Participant 4 )

Trivia is not the only source of community engagement, however. The team

observed emergent behaviours among the player-base in response to competition

outcomes, with a positive chat atmosphere and many taking the opportunity to

congratulate each other on their achievements. This has increasingly resulted

in the use of a second, smaller event at the end of competition periods, serving

as an “awards ceremony”, where players are encouraged to share their achieve-

ments with one another:

“This award ceremony at the end of Happy Hour is where we declare
all the winners, where all the bonus points are won... Because you get
badges for being a winner in these categories as well. And everybody
kind of comes on line and it kind of takes 45 minutes to go through all
the events and give all the awards and chat is just like blowing up and
everyone’s super excited... You’re online to get your badge and to get
your points but also you’re congratulated by your peers because it’s pub-
licly noted in chat and there’s like big golden things that pop-up in chat
which you can click on to see other players’ badges. And everyone’s like
‘congrats, way to go’, so I think it adds an element of like human reward
and kind of community reward to it.” (Participant 1 )

Ultimately, then, goals – tied to competitions – have become a central, re-

curring feature in EyeWire, tying into the core gameplay but also driving parti-

cipant retention and productivity. Beyond this, however, goals also encourage

interaction and sociality among the community which may have a further im-

pact in motivating and encouraging participation within the projects.
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6.5.3 Feedback

Participant 1 felt that one of the significant changes made to EyeWire was in

ensuring players felt that their time spent within EyeWire is appreciated:

“If you click on your profile... you can see all their stats, like how many
cubes they’ve done... How many trailblazes they’ve done, so how many
times they’ve been like the first player to do like a cube, so... That may
not be a game mechanic, it’s more an element of the interface, you know
the data we expose to the players in order to allow them to highlight the
time and effort that they’ve put into Eyewire.” (Participant 1 )

In the early stages of EyeWire, there was little opportunity for players to

view their own performance in terms of accuracy. Performance-contingent feed-

back was one of the most common requests made by players, who did not under-

stand if they were doing well at EyeWire or if they were performing poorly:

“There was a leaderboard but you couldn’t see – You had no idea how
well you were doing. You couldn’t see your accuracy. There was a period
of time where players – they would email us, asking for their accuracy.
Because they had no idea if they were like sucking at doing Eyewire or
if they were excelling at it. There was no ranking. Every player was the
same.” (Participant 1 )

Even so, while EyeWire offers points, leaderboard positions and congrat-

ulatory messages to players based on performance, participants viewed these

entirely in terms of rewards. Participants complete cubes and they earn points

and leaderboard positions for this effort:

“The reward that you get for doing that cube is you get points” (Parti-
cipant 1 )

“[The main game mechanic] would be... they receive points and that goes
up on the leaderboard.” (Participant 5 )

This extended to participants’ perceptions of how players viewed task-

contingent feedback. Since these indicators increase one by one, participants

felt that points were more valuable to players because point counts increase far

faster:

“I’d say that those categories can be less effective than the regular points,
because they don’t currently appear on the leaderboard or get contrib-
uted towards your regular score.” (Participant 4 )
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Even so, participants did feel that performance-contingent feedback played

an important role in EyeWire. Since opportunities for progression are generally

lacking, participants 5 and 6 felt that the accuracy bars displayed on player

profiles served as an opportunity for continued self-improvement and indicator

of progression, to overcome the lack of a levelling or narrative function:

“But there’s also their accuracy bars and for the players that care about
the quality of the work that they’re doing, which I’d say is fundamentally
the majority, the accuracy bars are pretty crucial to their incentive, as
well.” (Participant 5 )

“Yeah, a lot of games do have a levelling system. So in a sense by having
an accuracy bar, that kind of...” (Participant 5 )

“...is the levelling system” (Participant 6 )

While feedback is clearly important for players, who see it as an indicator

of their achievement and their progression within the game, the team noted

issues with exposing such data to participants. The decision to not provide

performance-contingent feedback in many of the earlier projects may then not

be a result of the difficulty in calculating and providing such feedback, but a

conscious decision to avoid negative consequences from allowing participants to

see how they are performing.

6.5.4 Rewards

Throughout each interview, participants placed a great deal of emphasis on the

importance of reward mechanisms – be they points, badges or physical prizes –

for player engagement within EyeWire. As noted when discussing extrinsic mo-

tivational factors, EyeWire is very much a reward-driven game and participants

were very clear that points and associated rewards are central aspects of the

core gameplay loop. All 6 participants named points and badges as the most

important game feature within EyeWire:

“The most important? Probably, you know, points is up there. With the
most important, because you know, your core task in Eyewire is map a
branch of a neuron from one side of the cube to the other and the reward
that you get for doing that cube is you get points.” (Participant 1 )

“What makes it a game rather than a job? So primarily that would be
when a player commits a task, they receive points and that goes up on
the leaderboard.” (Participant 6 )
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Both participant 1 and 6 felt that ensuring players are adequately rewarded

is a central premise of any game. While on the one hand, each stressed that

games may feature other less direct reward systems (for example, the feeling of

progress), the participants stressed that any game – apparently regardless of

genre – should offer some form of reward:

“And any game, if it’s a game, generally speaking has a reward system.”
(Participant 6 )

“A game should be fun, it should be rewarding, it should be challenging.
It doesn’t have to be social, but fun and challenging. And it should make
you feel like, you know, you’re winning along the way. Right? Every
little success in a game. It’s giving your brain that anticipated reward.”
(Participant 1 )

It is notable that this is a large point of departure between gamified and

non-gamified Citizen Science experiences. As suggested by chapter 4, VCS gen-

erally relies on intrinsically rewarding activities – the feeling of having contrib-

uted to science, advanced research or learnt about specific fields, to name a few.

Extrinsic factors and rewards were even suggested to have a negative impact

on volunteer motivation. Yet from the perspective of the EyeWire team, the

project is first and foremost a game and for this reason, must offer rewards that

are fair, have some level of context and retain their value as players earn more:

“An important nuance to any reward system, is that it needs to be not
just that you’re getting rewards, but it feels like it’s proportionally ap-
propriate? Like you don’t just wanna get like – I don’t know, if Mario
were going along just collecting coins and not ever getting any cool stuff,
it would sort of be like ‘woo, he’s getting coins? Who cares! The coins
don’t give him any special powers! They don’t translate into anything!’”
(Participant 6 )

A further departure from the literature concerned the practise of offering

prizes for participation – a practise which, as demonstrated by chapter 5, is re-

latively rare in VCS. Several participants discussed their past policy of offering

such prizes (described by the participants as ‘swag’), originally prompted by a

corporate partner. In spite of the issues described by Kraut et al. (2012), parti-

cipants found that far from driving low quality submissions and poor behaviour,

swag was largely beneficial and in particular, had a strong community building

element that the team had not expected:
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“That was a motivation for them too, I think, so the community aspect
and wanting somebody else who hadn’t got the prize to, you know, get it
once they had already won.” (Participant 4 )

As with other features such as social features, discussion platforms and

goals, participants observed a clear distinction in behaviours and motivation

between power players (along with occasionally enthusiastic newcomers) and

the mid-performing lurkers. However, participant 6 felt that this was predomin-

antly due to the loyalty and commitment these more active players had for the

game, more so than with other features, where participants suggested a lack of

engagement from lurkers:

“In most cases, it seemed to be that the players who were more advanced
seemed to be more interested in getting those prizes. Mainly because they
seemed to have some sense of duty or loyalty to Eyewire, so they wanted
to have the brand that they were you know, a player of this game.” (Par-
ticipant 6 )

“I think that it was usually the most involved power players who got the
most interested in Swag.” (Participant 5 )

Overall, the team perceived rewards as highly motivating for players, al-

though it was unclear from their statements to what extent this reflects the

comments and behaviours of the players. Participant 5 drew a link between

players’ decisions not to leave the project and the use of reward features. In con-

trast, participant 1 drew more heavily on her own opinions, stating that players

enjoyed rewards, but not giving any specific examples as evidence for this:

“I think generally the players like any kind of reward that you can provide
them.” (Participant 1 )

“In our case we have a point system that, while we’ve tweaked it over
the years, is pretty fair. I think, personally. And a lot of people seem to
basically accept it, so people stay motivated to be involved because they
know that what they put in is largely going to be what they get out of it
as well.” (Participant 5 )

6.6 The Role of Sociality

During the interview sessions, participants made reference to the important role

that sociality plays within EyeWire. This section outlines the value and use of
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the live chat service within EyeWire, both for players and for the team, which

broadly corresponds to three themes: game management, task enabling and

productivity.

6.6.1 Game Management

When asked about their processes for game management, such as avoiding bugs

or negative reactions for the community, all 6 participants noted that they lack

formal procedures or mechanisms for such management activities. Participants

noted that they rarely observe quantitative data – not due to a lack of time or

interest, but due to a lack of necessity. Instead, in the event of any issues with

the game, players will often draw the game masters’ attention and ensure that

feedback is funnelled to the developers or community manager:

“We don’t really have a formal data-driven mechanism for that. We
mostly – because we have a real time feed with the players, if something
really bad happens, we know because they’re in chat.” (Participant 1 )

“If something’s changing, we don’t want to say ‘we’re going to give more
work to you’. It’s not like that, it’s like ‘we’re going to give you more
trust. You know, you have the ability to do things that you weren’t in
the past.’ I don’t just say that in a scoffy kind of way... Because they’re
not just usernames, they’re people. They’re real people who are enthusi-
astic and they care and they want to help.” (Participant 1 )

Offering more details, participants 2 and 3 felt that chat (and by extension,

other player communications such as email) offered a unique window on the

health of the project and community, which could not be offered by mere statist-

ics alone:

“[Game masters] either exchange emails with the players or just elicit
feedback directly from chat usually, right?” (Participant 2 )

“Yeah, I think they are definitely kind of how we view kind of the health
of the community.” (Participant 3 )

This process has proven particularly important when assessing the effective-

ness of particular features or diagnosing issues with community health:

“After a couple of weeks, maybe a month, they weren’t really using it
very much and so we just kind of started – I just started doing chat inter-
views with the players and I was like ‘why aren’t you guys using this’?”
(Participant 1 )
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6.6.2 Enabling Tasks

When discussing community management, the game masters identified three

tasks with a common aim of enabling task (and by association, research) com-

pletion. In particular, after the game first launched, when tutorial features were

lacking and players had yet to grasp how best to trace cubes, chat, sociality and

collaboration were essential for the successful running of the game:

“Our progression has always been, at first as a community manager, it
was really to talk to and just walk players through learning the game,
back when we didn’t have as many tools for them to learn how to do
it. So there was a lot more hands-on hand-holding in a sense, training,
getting those players up to speed and learning what was good, what was
wrong and what they should do... In the game. And through that we
managed to start having relationships with these people.” (Participant
6 )

Over time, this role has been transferred to the players, with a specific

player role (mentor) introduced to assist with this purpose. Participant 1 noted

that the team believed that discussion with other players was important to ac-

complish what the tutorial could not:

“How does a player learn to be good at Eyewire?... We think it’s by talk-
ing to other players. Sometimes you’ll open up and a player has done
10,000 cubes and their accuracy is still 65%. That’s rare, but sometimes
that happens!” (Participant 1 )

Nonetheless, participant 5 suggests that the game masters continue to en-

gage in this process, which still remains important to EyeWire and the com-

munity as a whole – although it has in fact evolved. Leveraging these relation-

ships and through the use of chat, game masters continue to assist players, but

more significantly enable task completion through encouragement and ensuring

player retention.

“There are maybe three core tasks of community management in my head
which are: help, encourage and retain. And helping can be anything from,
like, helping people with language problems, to actually helping them
with how to play the game, helping them get better at the game, like that
sort of thing. Encourage is a particularly broad set of activities... [In-
cluding] talking in the chat and getting people pumped up about things.”
(Participant 5 )
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In addition, participant 3 touched on a particularly interesting benefit of

sociality and chat participation which has not been touched on previously –

collaborative action to enable new, more difficult forms of gameplay and task

activity than players can achieve on their own. In particular, at the highest

levels of play (i.e., for the most difficult cubes) individual players cannot be

expected to trace, scythe and complete such cubes on their own. At the same

time, game masters are too busy and themselves may not be individually able

to complete such cubes accurately (to return to an earlier quote: “there are no

right answers.”). For this reason, collaborative play through the chat interface is

crucial for these activities:

“The higher level of game play does require a lot of interaction with our
community managers, so I guess I would say it’s... It’s in order to keep
the game kind of feeling lively and then working with the top players, in
order to do those more complex user interactions.” (Participant 3 )

6.6.3 Relationship with Productivity

Participants 1 and 3 both suggested a possible relationship between chat and

player productivity. Participant 3 suggested that chat can counteract the effect

of having to complete multiple cubes in succession:

“I’d have to say chat, because with a small community and they get to
know each other and it kind of makes up for maybe the dryness of the
default work that we’re having them do.” (Participant 3 )

This ties into the findings of Tinati et al. (2015a) that a large proportion

of players mute chat while completing cubes, but spend more time chatting

between cubes than they do completing the tasks themselves. Chat is used to

break up repetitive activities such as cube completion, rather than being an

integral part of the task itself. Even so, the team have integrated indicators of

task achievement into the chat window. These include adding colours to the

chat interface which indicate high performing players, so that the best – and at

times only – way for a player to demonstrate how well they have performed is

through the use of the chat interface:

“They also do receive a special chat colour, based on their status, which
they can use to display, like, what level of gamer they are.” (Participant
4 )
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“So when you become a ranked player your username changes colour in
chat and since, right now, the only way to see other players’ standings
aside from the leaderboard, which is day, week and month, the only way
to see that is in chat.” (Participant 1 )

A less direct link is in the use of chat to encourage player-led promotions.

Promotions to the Scythe, Scout, Moderator and Mentor positions are now

nominated and voted on by the player base and participant 1 stated the desire

that players would pitch these roles to one another:

“I would call sort of a community game mechanic, there are a lot more
players who do achieve this ranked status and it becomes a kind of grass-
roots levelling up system so rather than in most games there’s a very
clear path to get to the next level, in Eyewire it’s like if you’re active in
the game and you’re talking to people in the chat, then the players might
say ‘hey, are you interested in being a scout’ and you’re like ‘I don’t know
what that is’ and they explain it to you. It’s almost like the players are
pitching the younger players on this ranked class...” (Participant 1 )

Although participant 1 did not draw an explicit link between this pitch-

ing and productivity, it should be noted that there are point and cube limits

for scythes and scouts, such that any player pitched would have to meet the

minimum requirements3. An additional indirect link was suggested between neg-

ativity in chat and player motivations. Participant 1 strongly felt that a positive

chat atmosphere was important for the success of the project:

“You know, you don’t want a suspicious feeling, you want your com-
munity to be embracing and when someone new comes in and is kicking
ass, you want your community to be congratulatory!” (Participant 1 )

“A citizen science project is competitive, it’s not as competitive. It’s
like, collaborative and competitive at the same time. Like, we don’t have
trash-talking in Eyewire.” (Participant 1 )

Finally, participant 3 suggested that when assessing the overall efficiency

of the project and individual players, consideration of chat plays an important

role:

“We do track how many cubes they play every kind of instance of game-
play. We have all their chat lines and stuff like that. So we have that as
far as how busy players are.” (Participant 3 )

3http://wiki.eyewire.org/index.php?title=Player Roles

http://wiki.eyewire.org/index.php?title=Player_Roles
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6.7 Discussion

Overall, EyeWire is a social game-based activity and the comments and exper-

iences shared by the team demonstrate a link between sociality – both inter-

action and communication – and the overall success of the project in terms of

efficiency. Similar to the findings of Mugar et al. (2014), the team identify a

link between sociality and facilitating VCS activities. Nevertheless, the idea

of discuss as a way to facilitate complex tasks is relatively unique to the con-

text of EyeWire. Neither Curtis (2015b) nor Jackson et al. (2014) describe such

collaborative process, either between volunteers or with project scientists and

with little collaboration is suggested by Crowston et al. (2018), in spite of the

complex workflows associated with collaborative and co-created citizen science.

As stated by Kim et al. (2014), EyeWire is a much more complex project than

others within the VCS space, with significant variation in the difficulty associ-

ated with different assets. Furthermore, the automated algorithm used to spawn

cubes is prone to spawning cubes if left to its own devices. If VCS projects are

to move beyond the limited domains and task types described in chapter 4 and

towards more collaborative models, greater interaction and co-operation will

be required between project administrators and volunteers. While simple VCS

tasks draw on distributed cognition as described by Smart (2017), through ag-

gregated responses with participants unaware of each other, as tasks become

more complex, there is a need for socially distributed cognition in which parti-

cipants can exchange information with one another and share the cognitive load

based on their own skills and knowledge.

In contrast with the opinions of project participants as described by Tinati

et al. (2017a), the team also drew a clear link between discussion, motivation

and engagement. On the one hand, none of the projects identified within this

thesis require sociality in the strict sense. Just as suggested by participant 3,

any VCS task is designed to be completed in isolation by anyone and then ag-

gregated. This is reflected in the many users who successfully – albeit briefly

– contribute to VCS projects without engaging in chat at all (Jackson et al.,

2016b). Nevertheless, it is because of this use of redundancy and of repeatable

microtasks that discussion becomes so crucial. Long periods of contribution

can be repetitive, leading to participants becoming bored and leaving projects,

yet it is long-term retention of participants that is most crucial to projects

(Sauermann and Franzoni, 2015). Unlike projects like Galaxy Zoo, where the
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assets can be appealing in themselves, EyeWire participants face little variation

between cells, except for in terms of difficulty (Raddick et al., 2010). Accord-

ing to the team, chat is explicitly used in EyeWire to prevent player burnout

and to inject excitement into an otherwise potentially unappealing task, which

aligns with how it is predominantly used by participants: in between, rather

than during task contributions (Tinati et al., 2015a). This is particularly true

for power players, who the team characterise as heavy and active chat users,

further suggesting a link between productivity and sociality.

There is, however, a balance between sociality and the outputs of projects.

Generally speaking, two broad classifications of success have been suggested in

VCS – one offered by Cox et al. (2015b), focused on project outputs, public-

ations and dissemination and a second offered by Wald et al. (2015), focused

on ease-of-use, participant engagement and user experiences. These interview

findings suggest that the EyeWire team have prioritised project outputs, par-

ticularly in terms of the quantity of submissions generated by the project, at

times to the detriment of the user experience – for example the poor tutorial

that has resulted in players leaving the game. This is not a phenomenon which

is unique to EyeWire, as Wald et al. (2015) observed similar priorities across

20 different VCS sites. Even so, Wald et al. identify specific negative effects

associated with such priorities, particularly in terms of participant learning and

in the social elements of projects. This was reflected across the interview ses-

sions, as while participants valued social factors such as sparking curiosity and

allowing participants to experience science and learn together, they were non-

etheless conscious of the need to prevent this to maximise contributions. This

can most clearly be seen in the comments made by participant 1, that players

“want to communicate with scientists,” but that the team has had to prevent

this as players become less motivated to do work due to the slow way in which

science works. Productivity and sociality – along with the associated benefits

such as learning – are therefore not always compatible in VCS and designers

must carefully consider which of the two outcomes they value more.

A further interesting theme touched upon by the team was the importance

of rewarding activity through extrinsic mechanisms such as points and badges.

Initially this may not seem particularly surprising – EyeWire is, after all, a

game that functions by rewarding points for contributions – but the interview

process revealed that these extrinsic mechanisms appear to outweigh other sig-

nificant factors. In spite of the importance of altruism and scientific interests as
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highlighted by chapter 4 and by Tinati et al. (2017a), even the most active and

dedicated players were more driven by points, badges and leaderboard rankings

than by scientific goals. In particular, the scythe complete feature demonstrates

this clearly – it was not until players were more fairly compensated for their

time that they began to engage with the activity. Returning to Downs’ views

as described in chapter 2, there is something of a contradiction here. According

to Reisman’s view of Downs’ theories, Downs’ five self-interest motivations are

all “modes of superior-pleasing conduct” (Reisman, 1990). Yet in the case of

EyeWire, if we take the view that the ‘superiors’ represent the project team,

this is clearly not the case. Far from being motivated by a desire to please their

superiors, top players appear to be motivated by the need to reinforce their

own superiority, by maintaining their leaderboard positions and continuing to

accumulate rewards.

Conversely, similar behaviours have been observed by Darch (2017) and by

Woodcock et al. (2017), even in the absence of rewards. This suggests that, bey-

ond extrinsic motivations, tensions exist between participants’ perceptions of

the scientific process and the realities that are experienced within projects. Ul-

timately the influence of participants’ desires to contribute to science and the

opportunity to interact with fellow participants and with scientists are of lim-

ited effectiveness. Participants will still favour more intrinsically or extrinsically

motivating activities, even when scientists or project appeal to their altruism

or their desire for interaction. On the one hand, this contradicts the findings

of Lee et al. (2018) that participants shown messages stressing altruism and

the opportunity to help science and scientists were more likely to visit and to

contribute a project. However, the suggestion is not that participants are not

motivated by a desire to help, but rather that what participants understand this

assistance to involve and what scientists need are very different. The players

in EyeWire who did not want to engage in Scythe complete, the players who

were demotivated by the slow progress of research and the players angered by

the need to classify simulated images described by Darch (2017) all had dis-

tinct views of science that did not align with the scientific process. Participant 1

suggests that sociality is of little benefit in this area, as in spite of the careful

dialogue that was created with the scythes and the attempts to stress the im-

portance of scythe completing, players ultimately only engaged when the task

was changed to better appeal to their extrinsic motivations.

These findings are reminiscent of the prisoner’s dilemma and zero contri-
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bution thesis as set out by Ostrom (1998) and Olson (1965). Previously, the

complete function was available only to game masters and this led to delays

and bottlenecks in the progress of the project, but also in the spawning of new

cubes. This issue would be particularly problematic when the game masters

were away from the project for any reason:

“Actually let’s put it this way. If we’re not around, a lot less cells get
done. That doesn’t mean that less validations get done, because [players]
are still submitting validations. But we’re the only ones with the author-
ity to mark cells as fully completed and add them into our tally for the
month.” (Participant 6 )

As a result, scythe completion was added to attempt to reduce this bottle-

neck and increase the rate at which cubes are generated. This leads to some-

thing of a prisoner’s dilemma for scythes, who must choose between maximising

their own score by avoiding the scythe complete feature and in doing so, re-

ducing the score of other players and the progress of the project as a whole or

alternatively, completing cubes and increasing the scores of other players while

potentially sacrificing their own score and leaderboard position. While EyeWire

has collective elements, particularly in the form of competitions, the core game-

play is driven predominantly by maximising points and based on the team’s

observations, it is clear that top players are more driven by competition than

the elements of collaboration. This was reflected in the statements made by

interview participants, who noted that while they view the game as somewhat

collaborative, they also view top players as more driven by points, rewards and

status indicators such as leaderboard positions. Fundamentally, then, while

EyeWire is much more social than the vast majority of projects presented in

chapter 5, even the most active “social” players are driven predominantly by the

opportunity to further their own individual achievements and in-game reputa-

tion.

On the other hand, this somewhat contradicts the findings suggested by Nov

et al. (2014) that reputation features are perceived negatively by the community

of Stardust@Home. Nov et al., however, draw a link between reputation and

extrinsic motivations, suggesting that such motivations are not appealing for

Stardust@Home volunteers. In contrast, EyeWire very much relies on extrinsic

motivations, such as points and badges to drive long-term participation within

the project. Just like Stardust@Home participants, EyeWire players do not

report rewards as being particularly motivating, but do report finding the pro-
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ject fun and the core gameplay loop within EyeWire is very much dependent

on gaining as many points as possible (Tinati et al., 2017a). While the project

review findings suggest that more gamified projects are more social, this desire

for points can also lead to more anti-social behaviours. Participant 1 drew a

link between competition and aggression in some games – a behaviour which

the team have tried to prevent in EyeWire. Moreover, the game masters had

observed that players’ desire to maximise their point score has driven them

to avoid tasks which may be completed by less experienced players and new

comers, due to the possibility of losing points. This suggests that task visibility

and sharing within VCS can in fact have a negative effect on volunteer beha-

viour as participants are unwilling to work with players they deem to be inferior.

This effect is clearly worsened by feedback and reward mechanisms, as shown by

players reporting the concern that they will lose leaderboard rankings, points or

reputation.

Arguably however, the greatest contradiction within the findings is the value

suggested by the team of competitions and social events. When asked which

factors most influenced their decision to participate in EyeWire, the community

and competitions were mentioned by just 27 and 12 of 989 participants (Tinati

et al., 2015a). Even so, participant 1 and to a lesser extent, participants 4, 5

and 6 described significant influences of periodic competition events on player

numbers and retention and task completion, as well as potential effects on com-

munity engagement and task accuracy. These effects are particularly interesting

given that EyeWire is by design somewhat competitive in itself. Since these

competitions – particularly the marathon and task versus competitions – are

the only opportunity for player to actively collaborate with one another (albeit

weakly), these events also represent a form of sociality that is otherwise missing

from VCS. They therefore represent an important angle for research and will be

the focus of the quantitative analysis conducted within the next chapter.

6.8 Summary and Conclusions

In this chapter, I presented findings from three semi-structured interview ses-

sions with six members of the EyeWire project team. Participants described the

design process and history of EyeWire in detail, offering their opinions and anec-

dotal evidence for the inclusion of specific features, particularly rewards, social

features and competitions within the project. The key findings of this chapter
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are:

� Productivity has been a central factor in influencing the design of Eye-

Wire, particularly due to a need to achieve cost-effective but scientifically

accurate results, while balancing the needs of players to ensure continued

engagement.

� EyeWire predominantly draws on extrinsic motivations and the use of

rewards – points and badges – to encourage continued participation and

engagement from players.

� Sociality serves to break up repetitive tasks, to manage the game but also

to facilitate tasks, particularly more complex tasks requiring collaborative

action.

� Competition is central to the function of the game portion of EyeWire,

with frequent competition events used to encourage player retention and

drive productivity.

In the next chapter, building on these results I examine the effectiveness and

impact of these competition events on productivity within EyeWire.





Chapter 7

Competitions – Sociality Within

Task

Virtual Citizen Science is not truly a social phenomenon. As demonstrated in

chapters 4 and 5 and echoed by the EyeWire team in chapter 6, Virtual Cit-

izen Science relies on individual, randomly assigned crowdsourced tasks from

which aggregated, more accurate responses can be inferred. Moreover, adding

social activities – the opportunity to participate as a group or team – is a diffi-

cult or even impossible process. While FoldIt theoretically provides opportun-

ities for ‘group’ and ‘team’ play, in truth these are no different from the usual

gameplay activity, with the addition of a team chat service and the opportun-

ity to improve on others players’ completed solutions (Curtis, 2015b). Team

play therefore offers no more collaboration than using the global chat service.

Such forms of play further appear to be relatively rare – Curtis (2018b) sug-

gests that many of the FoldIt teams are inactive or have retired from the game,

with only around ten highly active teams, which are highly exclusive and which

rarely accept new players. What projects do offer, however, is the opportunity

to collaborate or compete with other participants while completing tasks. These

activities were present in approximately a quarter of the sampled projects and

in many cases offer an element of sociality to an otherwise individual-based task.

Yet as seen in chapter 4 participants reported little motivation stemming from

competition and the impact of competitions on participant engagement is a

matter of some controversy within the literature.

In this chapter, I present results of statistical analysis and hypothesis tests

to ascertain the association between social event competitions and player en-

201
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Literature Review
(Chapter 4)

Project Review
(Chapter 5)

Interview Sessions
(Chapter 6)

Competition Analysis
(Chapter 7)

High-Pressure Projects
(Chapter 8)

Synthesis
(Chapter 9)

RQ1: How is Virtual Citizen Science 
understood and realised today?

RQ2: What Online Community tools 
and features are present in Virtual 
Citizen Science projects?

RQ3: How do task-based social events 
influence task completion in VCS 
projects?

RQ4: To what extent is engagement in 
discussion associated with increased 
engagement in task completion?

Figure 16: This study was partially motivated by – and draws on knowledge gained through – the
interview process with the EyeWire team.

gagement within the EyeWire Game With a Purpose. Figure 16 illustrates how

this stage succeeds from chapters 4, 5, and 6. After explaining the different

types of competition and associated incentives, I present a set of hypotheses

influenced by findings and conclusions from the literature review and interview

process. Drawing on two datasets from the project, presented in chapter 3, I

then test these hypotheses using the non-parametric Mann Whitney-U hypo-

thesis test. These findings are then discussed in the context of the EyeWire

project and in light of specific literature review and interview conclusions. This

chapter ends with a conclusive summary regarding competitions in EyeWire.

7.1 Competition Types

EyeWire features two broad categories of competitions:

� Minor competitions occur regularly (fortnightly or bi-monthly), have

thematic art-work and award players with points based on their own per-

formance and the performance of the wider community or team to which

players belong.

� Major competitions occur quarterly, with a week-long narrative arc, lim-

ited edition badges for participation and an immersive chat-focussed nar-

rative experience. For example, during a ‘Whodunnit’ themed murder-
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Table 11: Types of competition within the EyeWire project.

Type Description Availability

Accuracy Happy Hour Players must complete cubes as accurately as possible,
achieving an acccuracy of at least 80%

Major

Evil Cubes Players must complete 12 very difficult cubes Major

Happy Hour Players earn bonuses based on points earned within a two
hour period

Scheduled, Special

Marathon Community must collaboratively complete cell in time limit Minor, Major

Team Versus Players must earn more points across 24 hours than the
opposing team(s)

Minor, Major

Trivia Players must answer questions through the chat interface
before others

Major

mystery competition, game masters would drop hints to the identity of the

killer (as well as red herrings) through the integrated IM-chat interface.

While the marathon and team versus competition classes occur both as

minor and major competitions, the majority of major competition types can

only occur quarterly. A summary of these competition types can be seen in

Table 11. It should be noted that while the nature of competitions may change

and while major competitions offer badges not available in minor competi-

tions, the rewards for successful completion and participation do not otherwise

vary between minor and major competitions. The bonus points awarded to a

player are the same in both minor and major competitions. For the sake of this

chapter, when comparing minor and major competitions, I will compare only

the team versus and marathon competition varieties, as these have a duration of

24 hours rather than two hours, and to allow for a like-for-like comparison.

Although the Team Versus competition suggests team-based play, in real-

ity, activities are no more team-based than in FoldIt. Players join a thematic

‘team’ by selecting their preference from two or more categories – examples in-

clude ‘coffee vs tea’ or during the launch of Pokémon Go ‘Instinct vs Mystic vs

Valor’1. However, players continue to complete the same activities before (cube

tracing, scything and completing) on an individual basis, without opportunities

for collaboration or team-based discussion. In fact, the team selected is largely

irrelevant, with the exception of bonus point rewards which are offered to all

1Pokémon Go players must choose to join one of three in-game factions – Team Instinct,
Mystic or Valor – at an early stage and the EyeWire teams paralleled this choice
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members of the winning team. Nevertheless, the majority of awards are based

on individual performance and do not take team performance into account:

� Players earn a 2,500 point bonus for earning 5,000 points as an individual.

� Players earn a 5,000 point bonus for earning 15,000 points as an indi-

vidual.

� Players earn a 10,000 point bonus for earning 25,000 points as an indi-

vidual.

� Players earn an additional 5,000 bonus points for every additional 25,000

points they earn as an individual.

� Each member of the winning team earns 10,000 bonus points.

� The highest scoring member of the winning team earns 5,000 bonus points.

� The overall highest scoring player (regardless of team) earns 10,000 bonus

points.

� The second overall highest scoring player (regardless of team) earns 5,000

bonus points.

� The third overall highest scoring player (regardless of team) earns 2,500

bonus points.

During the marathon competition class, players race against time to com-

plete an entire cell within 24 hours. This process entails completing thousands

of cubes and as a result the goal itself is highly collaborative; no one player

could possibly achieve the goal by his or herself. However, rewards for marathon

participation are entirely based on individual performance. The one exception

to this is that the opportunity to nominate and vote for an (internal) name

for the cell is only offered to players if the goal is achieved within the 24 hour

time limit. Nevertheless, the voting process itself is also restricted based on

individual performance:

� Players who complete 20 cubes earn 2,000 bonus points.

� Players who complete 50 cubes earn 5,000 bonus points.

� Players who complete 150 cubes earn 20,000 bonus points.
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� Players who complete 300 cubes earn 40,000 bonus points.

� Players earn 2,500 bonus points for every 150 cubes completed above 300

cubes.

� Players who complete at least 50 cubes earn the right to vote for an in-

ternal name for the completed cell.

� Players who complete at least 200 cubes earn the right to nominate an

internal name for the completed cell.

The Evil Cubes competition class is part of the major competition cycle

only, although it is only held semi-regularly. Players must complete 12 cubes

which have been deemed to be extremely difficult (hence ‘evil’ cubes) by other

members of the community. Rewards are offered based on overall accuracy relat-

ive to other players, although there is also a bonus for completing the 12 cubes.

Players who complete the 12 cubes earn the right to nominate cubes for the

next evil cubes competition. Two sets of cubes are run at any one time, so that

players who nominated one set are unfamiliar with the other. Similar to Evil

Cubes, Accuracy Happy Hour is an hour-long major competition activity, where

players may complete as many cubes as they wish and must aim to achieve as

high an accuracy score as possible. This score is based off of performance on a

single cube and automatically selects the most accurate cube performed by each

player who registers for the event; for example, a player who achieves 90%, 94%,

76% and 80% will receive an overall score of 94% for the hour. Unlike evil cubes,

players are free to choose any cube during the event and performance is judged

both on an individual-basis and relative to other players.

7.1.1 Hypotheses

As demonstrated in chapter 6, the EyeWire team ascribed a great deal of signi-

ficance to the role that competitions play in EyeWire, viewing them as highly

effective, particularly in terms of player productivity and project efficiency. This

is particularly the case with major competitions, as demonstrated by the de-

scriptions of Camp EyeWire and the EyeWire games. However, these views

were predominantly a result of the historic outcomes of introducing social com-

petition events. In particular, the majority of the team were unaware of having

carried out specific statistical or numerical analysis of the outcomes of introdu-

cing specific competitions and competition features. Moreover, for the sake of
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hypothesis testing, it is not possible to conclusively state with certainty that

competitions are the cause of any given outcome – merely that they are correl-

ated with such an outcome (see section 7.1.2).

Although the hypotheses to be tested in this chapter are broadly influenced

by comments made by the EyeWire team, it should be noted that these com-

ments were not always specific and the team had not specifically analysed activ-

ity levels within EyeWire in drawing these assumptions. As a result and for

the sake of this chapter, all hypotheses should be considered exploratory, being

employed as a means to explore any association between holding competitions

and outcomes in terms of engagement and activity within EyeWire. The intent

with the formulation and testing of these hypotheses was not to assume that

any of the two possibilities was more valid – that is, that the null hypothesis

would hold true or not hold true for a given test. Rather, the formulation and

testing of the null hypothesis was used as a method to explore the probability

(in terms of p-value outcome) of an association between competition occurrence

and specific outcomes.2

Hypothesis group A describes the correlation between the occurrence of

competitions and the number of active players within EyeWire, as well as the

number of cubes collected in total and per player. These hypotheses are derived

from two distinct sources. The first is the view put forward by the EyeWire

team that competitions are associated with an increase in overall site traffic

and by extension, active player numbers. Since the team did not specifically

distinguish between the impact of different competition types, this hypothesis

group explores all competition varients – first all competition formats, then

minor and major competitions and finally, a comparison of the major and minor

competition classes.

In addition, results from the literature suggest a correlation between com-

petitions and task completion rates. This association however, is nuanced, as

described by Diner et al. (2018) and Laut et al. (2016), who suggest that the

team versus competition class may be associated with a diminished correlation

when considered in terms of per player contribution levels. Nevertheless, even

the presence of extremely high performing peers was associated with greater

than average participation levels for all players in these studies. Moreover, the

2Similar approaches have been used by Wallace et al. (2017), who used null hypotheses –
however unlikely – as initial assumptions to test changes in publication rate. Similar work by
Cheng et al. (2019) and Cheng et al. (2017), has gone further than Wallace et al., by avoiding
commenting on the likelihood of an individual hypothesis altogether.



7. Competitions – Sociality Within Task 207

marathon class shares many of the features that make goal setting effective as

described by Kraut et al. (2012) and Jackson et al. (2016a), particularly the

presence of final and personal goals for participants to aim for. These findings

lead to the following group A hypotheses:

HA1 Competitions are associated with greater numbers of contributing play-

ers than on non-competition days.

HA−null1 There is no significant association between the number of contributing

players and the occurrence of competitions.

HA2 Competitions are associated with a greater number of total cube sub-

missions than on non-competition days.

HA−null2 There is no significant association between the total number of cubes

submitted and the occurrence of competitions.

HA3 Competitions are associated with a greater number of cubes contrib-

uted per player than on non-competition days.

HA−null3 There is no significant association between the number of cubes con-

tributed per player and the occurrence of competitions.

HA4 Minor competitions are associated with greater numbers of contribut-

ing players than on non-competition days.

HA−null4 There is no significant association between the number of contributing

players and the occurrence of minor competitions.

HA5 Minor competitions are associated with a greater number of total cube

submissions than on non-competition days.

HA−null5 There is no significant association between the total number of cubes

submitted and the occurrence of minor competitions.

HA6 Minor competitions are associated with a greater number of cubes

contributed per player than on non-competition days.

HA−null6 There is no significant association between the number of cubes con-

tributed per player and the occurrence of minor competitions.
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HA7 Major competitions are associated with greater numbers of contribut-

ing players than on non-competition days.

HA−null7 There is no significant association between the number of contributing

players and the occurrence of major competitions.

HA8 Major competitions are associated with a greater number of total cube

submissions than on non-competition days.

HA−null8 There is no significant association between the total number of cubes

submitted and the occurrence of major competitions.

HA9 Major competitions are associated with a greater number of cubes

contributed per player than on non-competition days.

HA−null9 There is no significant association between the number of cubes con-

tributed per player and the occurrence of major competitions.

HA10 Major competitions are associated with greater numbers of contribut-

ing players than on days on which minor competitions occur.

HA−null10 There is no significant association between the number of contribut-

ing players and the occurrence of major and minor competitions.

HA11 Major competitions are associated with a greater number of total cube

submissions than on days on which minor competitions occur.

HA−null11 There is no significant association between the total number of cubes

submitted and the occurrence of major and minor competitions.

HA12 Major competitions are associated with a greater number of cubes con-

tributed per player than on days on which minor competitions occur.

HA−null12 There is no significant association between the number of cubes con-

tributed per player and the occurrence of major and minor competi-

tions.

Competitions in EyeWire are completely voluntary so a player who signs

up for one competition will not necessarily sign up for another. It is therefore

not logical to talk of the players who contribute to contributions, as any given

player may be both a competitor and a non-competitor depending on the day
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or competition. It is nonetheless possible to consider those players who choose

never to contribute to competitions, or at least, who did not contribute to com-

petitions during the sample period – the lurkers characterised by participants

5 and 6 during the interview process. Notably, there is no passive benefit from

competitions; those players who choose not to contribute to a competition, or

who register but do no work, earn no rewards, badges or bonus points. It is

likely on this basis that participants 5 and 6 described these users as lurkers

and it is based on this characterisation that this group of hypotheses have been

selected:

HB1 Competitions are associated with greater numbers of active players

from the non-competing group than on non-competition days

HB−null1 There is no significant association between the number of active play-

ers from the non-competing group and the occurence of competitions.

HB2 Competitions are associated with greater total numbers of cubes sub-

mitted from the non-competing group than on non-competition days

HB−null2 There is no significant association between the total number of cubes

submitted from the non-competing group and the occurence of compet-

itions.

HB3 Competitions are associated with greater numbers of cubes submitted

per player from the non-competing group than on non-competition

days

HB−null3 There is no significant association between the number of cubes sub-

mitted per player from the non-competing group and the occurence of

competitions.

HB4 Minor competitions are associated with greater numbers of active play-

ers from the non-competing group than on non-competition days

HB−null4 There is no significant association between the number of active play-

ers from the non-competing group and the occurence of minor competi-

tions.

HB5 Minor competitions are associated with greater total numbers of cubes

submitted from the non-competing group than on non-competition

days
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HB−null5 There is no significant association between the total number of cubes

submitted from the non-competing group and the occurence of minor

competitions.

HB6 Minor competitions are associated with greater numbers of cubes

submitted per player from the non-competing group than on non-

competition days

HB−null6 There is no significant association between the number of cubes sub-

mitted per player from the non-competing group and the occurence of

minor competitions.

HB7 Major competitions are associated with greater numbers of active play-

ers from the non-competing group than on non-competition days

HB−null7 There is no significant association between the number of active play-

ers from the non-competing group and the occurence of major competi-

tions.

HB8 Major competitions are associated with greater total numbers of cubes

submitted from the non-competing group than on non-competition

days

HB−null8 There is no significant association between the total number of cubes

submitted from the non-competing group and the occurence of major

competitions.

HB9 Major competitions are associated with greater numbers of cubes

submitted per player from the non-competing group than on non-

competition days

HB−null9 There is no significant association between the number of cubes sub-

mitted per player from the non-competing group and the occurence of

major competitions.

HB10 Major competitions are associated with greater numbers of contrib-

uting players from the non-competing group than on days on which

minor competitions occur.
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HB−null10 There is no significant association between the number of contribut-

ing players from the non-competing group and the occurrence of major

and minor competitions.

HB11 Major competitions are associated with a greater number of total cube

submissions from the non-competing group than on days on which

minor competitions occur.

HB−null11 There is no significant association between the total number of cubes

submitted by the non-competing group and the occurrence of major

and minor competitions.

HB12 Major competitions are associated with a greater number of cubes

contributed per player from the non-competing group than on days on

which minor competitions occur.

HB−null12 There is no significant association between the number of cubes con-

tributed per player from the non-competing group and the occurrence

of major and minor competitions.

An interesting consideration is whether there is a difference in association

between the number of contributors and contributions from competing and

non-competing players, on competition and non-competition days, particularly

given the characterisation of non-competing players as lurkers. On the one hand,

given that competitions are not a significant factor in terms of participant mo-

tivations in EyeWire according to Tinati et al. (2017a), it is possible that there

is little or no difference in association between competitions and the total num-

ber of cubes submitted by the two groups, nor the number of cubes submitted

by individual participants. Alternatively, assuming the view put forward by

the EyeWire team is accurate and competitions are effective, then on competi-

tion days, it might be expected that there will be a greater association between

player numbers and activity from the competing group. There is, then, some-

thing of a contradiction between the interview findings that competition par-

ticipants are a small group of lurkers and the results demonstrated by Tinati

et al. (2017a) that competitions motivate only a small number of players. The

hypotheses for this group are as follows:

HC1 Non-competition days are associated with greater numbers of active

players from the non-competing group than from the competing group.
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HC−null1 There is no significant association between non-competition days and

the number of active players from the non-competing and competing-

group.

HC2 Non-competitions days are associated with greater total numbers of

cubes submitted from the non-competing group than from the compet-

ing group.

HC−null2 There is no significant association between non-competition days and

the total number of cubes submitted from the non-competing and com-

peting group.

HC3 Non-competition days are associated with greater numbers of cubes

submitted per player from the non-competing group than from the

competing group.

HC−null3 There is no significant association between non-competition days and

the number of cubes submitted per player from the non-competing and

the competing group.

HC4 Competition days are associated with greater numbers of active players

from the non-competing group than from the competing group.

HC−null4 There is no significant association between competition days and

the number of active players from the non-competing and competing-

group.

HC5 Competition days are associated with greater total numbers of cubes

submitted from the non-competing group than from the competing

group.

HC−null5 There is no significant association between competition days and the

total number of cubes submitted from the non-competing and compet-

ing group.

HC6 Competition days are associated with greater numbers of cubes submit-

ted per player from the non-competing group than from the competing

group.
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HC−null6 There is no significant association between competition days and the

number of cubes submitted per player from the non-competing and the

competing group.

HC7 Minor competition days are associated with greater numbers of active

players from the non-competing group than from the competing group.

HC−null7 There is no significant association between minor competition days

and the number of active players from the non-competing and competing-

group.

HC8 Minor competition days are associated with greater total numbers of

cubes submitted from the non-competing group than from the compet-

ing group.

HC−null8 There is no significant association between minor competition days

and the total number of cubes submitted from the non-competing and

competing group.

HC9 Minor competition days are associated with greater numbers of cubes

submitted per player from the non-competing group than from the

competing group.

HC−null9 There is no significant association between minor competition days

and the number of cubes submitted per player from the non-competing

and the competing group.

HC10 Major competition days are associated with greater numbers of active

players from the non-competing group than from the competing group.

HC−null10 There is no significant association between major competition days

and the number of active players from the non-competing and competing-

group.

HC11 Major competitions days are associated with greater total numbers of

cubes submitted from the non-competing group than from the compet-

ing group.

HC−null11 There is no significant association between major competition days

and the total number of cubes submitted from the non-competing and

competing group.
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HC12 Major competition days are associated with greater numbers of cubes

submitted per player from the non-competing group than from the

competing group.

HC−null12 There is no significant association between major competition days

and the number of cubes submitted per player from the non-competing

and the competing group.

Due to the limited amount of data available regarding chat activity and the

completion of other tasks, it is not possible to test the association between these

activities and minor or major competition types. However, the EyeWire team

did elude to difficulties in encouraging the completion of these secondary tasks

during competitions, suggesting that this is a secondary aim of the competition

process. It is therefore important to test there hypotheses and there is sufficient

data to form hypotheses regarding the impact of competitions on these factors.

Competitions are characterised by the EyeWire team as a community- and

discussion-driven process, with a great deal of player excitement and the use

of chat to deliver thematic details. With regard to additional activities that

must be completed, the level of scything and completing required increases as

the number of cubes submitted increases, although this relationship is more

linear for completion than for scything3. These tasks are also only available to

promoted, highly active players, rather than “lurkers”. On this basis, we can

devise hypotheses detailing an association between the amount of scything and

completing performed and competitions:

HD1 Competition days are associated with greater numbers of chat messages

compared with non-competition days.

HD−null1 There is no significant association between the number of chat mes-

sages sent and the occurence of competitions.

HD2 Competition days are associated with greater numbers of chat parti-

cipants compared with non-competition days.

HD−null2 There is no significant association between the number of chat parti-

cipants and the occurence of competitions.

3Each cube must be completed by three separate players. Scything can be completed by
just one player and is only needed if a submission contains inaccuracies.
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HD3 Competition days are associated with greater levels of scything com-

pared with non-competition days.

HD−null3 There is no significant association between levels of scything and the

occurence of competitions.

HD4 Competition days are associated with greater levels of completion com-

pared with non-competition days.

HD−null4 There is no significant association between levels of completion and

the occurence of competitions.

7.1.2 Correlation and Causation

The nature of the hypothesis test is such that it can be seen as synonymous,

or at the very least, equivalent to a measure of correlation (Kraemer, 1975;

Trafimow and Rice, 2009). Ultimately, the hypothesis testing process indicates

the likelihood that a given observation would be viewed by chance and therefore

the correlation between two given events as indicated by the null and non-null

hypotheses to be tested (Trafimow and Rice, 2009). The hypothesis testing pro-

cedure alone is therefore insufficient to prove causation – that is, a given factor

causes or leads to a given outcome, such as that the introduction of competi-

tions results in an increase in task completion. Due to the nature of the data

used within this chapter and the lack of specific A/B testing, it is not possible

to indicate with certainty that the use of competitions is solely responsible for

the observed associated effect. In essence, then, the outcomes of this chapter

should be viewed only as indicating a potential correlation between the use of

competitions in VCS and the observed results and not as an indication that

competitions cause these observed outcomes.

7.2 Statistical Analysis

In this section, non-competitors refers to those players who chose not to engage

with any competitions during the sample period. A set of descriptive statistics

for each of the project types can be seen in table 12. Test statistics, conclu-

sions and effect sizes for each of the hypotheses described in section 7.1.1 are

described and summarised in table 14 for hypothesis group A, table 15 for hy-

pothesis group B, table 16 for hypothesis group C and table 17 for hypothesis
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Table 12: Daily mean statistics for each competition class (Dataset 1)

Type Players Percent
Taking
Part

Cubes Chat Parti-
cipants

Chat
Messages

Percent
from com-
petitors

Accuracy HH 238.67 25.24% 5395.83 78.50 1606.00 70.21%

Happy Hour (Scheduled) 153.61 34.94% 4179.94 41.57 746.35 78.29%

Happy Hour (Extra) 133.15 38.44% 3971.08 N/A* N/A* N/A*

Marathon Min 146.75 35.05% 6300.75 37.00 766.00 87.86%

Marathon Maj 164.60 40.74% 5996.63 31.00 506.00 75.60%

Team Vs Min 152.59 36.58% 4429.09 45.36 955.20 77.75%

Team Vs Maj 191.20 29.05% 5887.38 43.80 911.40 81.37%

Non-Competition 139.18 N/A 3503.75 27.07 360.61 N/A

* Chat statistics unavailable for happy hour extra class due to a lack of instances of this class.

group D. Z-test statistics can be expressed as either a positive or negative value

depending on the strength of the effect and which of the two conditions was

associated with larger values. The Mann-Whitney U test requires that sample

A be the larger of the two, so a negative Z statistic indicates that the tested

values were larger in sample B than in sample A. While these conclusions are

indicated within the four tables, for ease of interpretation of Z statistics, the

non-competition sample size is always the largest, followed by the minor com-

petition class, followed by the major competition class. In any test involving

major competitions, a negative test statistic indicates that the values for the

major condition were larger. Likewise, in any test involving the non-competition

class, a positive test statistic indicates that the values for the non-competition

condition were larger.
Table 14: Summary of hypothesis results – comparisons for total values. Z-crit for p<0.01 = 2.33 or
-2.33

H Condition Z-
Stat

d Conclusion

HA 1 Number of players (competition
vs non-competition)

-5.1 0.55 Hypothesis confirmed. Competition days
associated with higher total number of
players than non-competition days
(p<0.01, medium effect size)

(Continued)
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H Condition Z-
Stat

d Conclusion

HA 2 Total Cube Contribution
(competition vs non-competition)

-6.99 0.79 Hypothesis confirmed. Competition days
associated with higher total cube
contributions than on non-competition
days (p<0.01, medium/large effect size)

HA 3 Cubes per player (competition vs
non-competition)

-4.58 0.49 Hypothesis confirmed. Competition days
associated with higher cube contributions
per individual player than on
non-competition days (p<0.01,
small/medium effect size)

HA 4 Number of players (minor vs non) -5.66 0.72 Hypothesis confirmed. Minor competitions
associated with higher number of players
than non-competition days (p<0.01,
medium effect size)

HA 5 Total Cube Contribution (minor vs
non)

-6.03 0.77 Hypothesis confirmed. Minor competitions
associated with higher total cube
contributions than non-competition days
(p<0.01, medium effect size)

HA 6 Cubes per player (minor vs non) -3.37 0.41 Hypothesis confirmed. Minor competitions
associated with higher cube contributions
per individual player than non-competition
days(p<0.01, small effect size)

HA 7 Number of players (major vs non) -3.92 0.51 Hypothesis confirmed. Major competitions
associated with higher total number of
players than non-competition days
(p<0.01, large effect size)

HA 8 Total Cube Contribution (major vs
non)

-5.78 0.79 Hypothesis confirmed. Major competitions
associated with higher total cube
contributions than non-competition days
(p<0.01, medium/large effect size)

HA 9 Cubes per player (major vs non) -2.68 0.35 Hypothesis confirmed. Major days
associated with higher cubes contributions
per individual player than non-competition
days (p<0.01, small effect size)

HA 10 Number of players (minor vs
major)

0.65 N/A Hypothesis rejected. No statistically
significant difference between player
numbers on minor and major competition
days (p=0.52)

(Continued)
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H Condition Z-
Stat

d Conclusion

HA 11 Total Cube Contribution (minor vs
major)

-2.43 0.61 Hypothesis confirmed. Major competitions
associated with higher total cube
contributions than minor competition days
(p=0.02, medium effect size)

HA 10 Cubes per player (minor vs major) -0.38 N/A Hypothesis rejected. No statistically
significant difference between the number
of cubes contributed per individual player
on minor and major competition days
(p=0.70)

Table 15: Summary of hypothesis results – comparisons for non-competing players only. Z-crit for
p<0.01 = 2.33 or -2.33

H Condition Z-
Stat

d Conclusion

HB 1 Number of players (competition
vs non-competition)

-5.1 0.55 Hypothesis confirmed. Non-competition
days associated with higher number of
players from non-competing group than
non-competition days (p<0.01, medium
effect size)

HB 2 Number of cubes (competition vs
non-competition)

-3.33 0.35 Hypothesis confirmed. Non-competition
days associated with higher total cube
contributions from non-competing group
than non-competition days (p<0.01, small
effect size)

HB 3 Cubes per player (competition vs
non-competition)

0.36 N/A Hypothesis rejected. No statistically
significant difference in the number of
cubes contributed by individual
non-competing players on competition and
non-competition days (p=0.72)

HB 4 Number of players (minor vs non) -0.56 N/A Hypothesis rejected. No statistically
significant difference in the number of
players from non-competing group on
minor and non-competition days (p=0.58)

HB 5 Number of cubes (minor vs non) -0.07 N/A Hypothesis rejected. No statistically
significant difference in the total number of
cubes contributed by non-competing group
on minor and non-competition days
(p=0.94)

(Continued)
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H Condition Z-
Stat

d Conclusion

HB 6 Cubes per player (minor vs non) 1.03 N/A Hypothesis rejected. No statistically
significant difference in the number of
cubes contributed by individual
non-competing players on minor and
non-competition days (p=0.30)

HB 7 Number of players (major vs non) -3.44 0.45 Hypothesis confirmed. Major competitions
associated with higher number of players
from non-competing group than
non-competition days (p<0.01, medium
effect size)

HB 8 Number of cubes (major vs non) -3.16 0.41 Hypothesis confirmed. Major competitions
associated with higher total cube
contributions from non-competing group
than on non-competition days (p<0.01,
medium effect size)

HB 9 Cubes per player (major vs non) 0.56 N/A Hypothesis rejected. No statistically
significant difference in the number of
cubes contributed by individual
non-competing players on major and
non-competition days (p=0.58)

HB 10 Number of players (minor vs
major)

-3.65 0.92 Hypothesis confirmed. Major competitions
associated with higher total number of
players from non-competing group than on
minor competition days (p<0.01, large
effect size)

HB 11 Number of cubes (minor vs major) -3.36 0.83 Hypothesis confirmed. Major competitions
associated with higher total number of
cube contributions from non-competing
group than on minor competition days.
(p<0.01, large effect size)

HB 12 Cubes per player (minor vs major) -0.02 N/A Hypothesis rejected. No statistically
significant difference in the number of
cubes contributed by individual
non-competing players on major and minor
competition days (p=0.98)
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Table 16: Summary of hypothesis results – comparisons between competing and non-competing
Players. Z-crit for p<0.01 = 2.33 or -2.33

H Condition Z-
Stat

d Conclusion

HC 1 Number of Players (Competition) -8.44 1.2 Hypothesis confirmed. Competition days
associated with higher numbers of players
from the non-competing group than from
competing group on competition days
(p<0.01, very large effect size)

HC 2 Total Cube Contributions
(competition)

13.3 2.76 Hypothesis confirmed. Competition days
associated with higher total cubes
contributions by players from competing
group than from non-competing group
(p<0.01, very large effect size)

HC 3 Cubes per player (competition) 13.95 3.21 Hypothesis confirmed. Competition days
associated with higher number of cubes
contributed by individual players from
competing group than from non-competing
group (p<0.01, very large effect size)

HC 4 Number of Players (Minor
Competitions)

-4.07 0.88 Hypothesis confirmed. Minor competition
days associated with higher total number
of players from the non-competing group
than from the competing group (p<0.01,
large effect size)

HC 5 Total Cube Contributions (Minor
Competitions)

8.73 3.31 Hypothesis confirmed. Minor competition
days associated with higher total number
of cubes contributed by players from
competing group than from non-competing
group (p<0.01, very large effect size)

HC 6 Cubes per player (Minor
Competitions)

8.77 3.37 Hypothesis confirmed. Minor competition
days associated with higher number of
cubes contributed by individual players
from competing group than from
non-competing group (p<0.01, very large
effect size)

HC 7 Number of players (Major
Competitions)

-4.22 2.0 Hypothesis confirmed. Major competition
days associated with higher total number
of players from the non-competing group
higher than from the competing group
(p<0.01, very large effect size)

(Continued)
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H Condition Z-
Stat

d Conclusion

HC 8 Total Cube Contributions (Major
Competitions)

4.54 2.32 Hypothesis confirmed. Major competition
days associated with higher total cube
contributions from players from competing
group than from non-competing group
(p<0.01, very large effect size)

HC 9 Cubes per player (Major
Competitions)

4.95 2.92 Hypothesis confirmed. Major competition
days associated with higher number of
cube contributions by individual players
from competing group than from
non-competing group (p<0.01, very large
effect size)

HC 10 Number of Players
(Non-competition)

-11.57 1.28 Hypothesis confirmed. Non-competition
days associated with higher number of
players from the non-competing group
than the competing group (p<0.01, very
large effect size)

HC 11 Total Cube Contributions
(Non-competition)

17.25 2.7 Hypothesis confirmed. Non-competition
days associated with higher total cube
contributions by players from competing
group than from non-competing group
(p<0.01, very large effect size)

HC 12 Cubes per player
(Non-competition)

18.34 3.3 Hypothesis confirmed. Non-competition
days associated with higher number of
cubes contributed by individual players
from competing group than from
non-competing group (p<0.01, very large
effect size)

Table 17: Summary of hypothesis results – comparisons for total values. Z-crit for p<0.01 = 2.33 or
-2.33

H Condition Z-
Stat

d Conclusion

HD 1 Number of Chat Messages
(competition vs non-competition)

-3.3 0.77 Hypothesis confirmed. Competitions
associated with higher numbers of chat
messages than non-competition days
(p<0.01, medium effect size)

HD 2 Number of Chat Participants
(competition vs non-competition)

-2.64 0.60 Hypothesis confirmed. Competitions
associated with greater number of chat
participants than non-competition days
(p<0.01, medium effect size)

(Continued)
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H Condition Z-
Stat

d Conclusion

HD 3 Number of Completions
(competition vs non-competition)

-1.69 N/A Hypothesis rejected. No statistically
significant difference between total
completions on competition and
non-competition days (p=0.09)

HD 4 Number of Scythe Actions
(competition vs non-competition)

-0.21 N/A Hypothesis rejected. No statistically
significant difference between total
number of scythe actions on competition
and non-competition days (p=0.83)

In terms of the number of active players, the Accuracy Happy Hour class

attracts the most active players, although on average only 25.24% of these

choose to take part in the competition. It should be noted that this value is

highly skewed because both Accuracy Happy Hour events take place on the

same day in any given competitive period and this is also the day on which

the competition launches and also always overlaps with either the initial Team

Versus or Marathon event, depending on which of the two is held first. This

can also be seen in the high number of cubes achieved on days on which the

Accuracy Happy Hour takes place. Among the 24 hour activities, the mara-

thon class is more effective than the team versus class in terms of the volume

of cubes that are contributed, with on average 6300.75 cubes during the minor

marathon and 5995.63 cubes during the major marathon. Again, though, this

is skewed by the fact that on occasion minor marathons run two cells in a row,

or add extra cubes after the first set are completed. The team versus class at-

tracts a greater number of players, but a larger proportion of the active player

base takes part in the marathon class. This is perhaps unsurprising given that

the reward schedule for the marathon class offers greater rewards for individual

players and achievement, particularly in the short term.

The number of chat messages sent by participants varies greatly, but on av-

erage is higher in all competition classes than during non-competition days. On

any given competition day, on average, the vast majority of chat messages are

sent by participants who have chosen to participate in that competition, with

87.86% of all chat messages sent during minor marathon competitions produced

by players who have chosen to contribute to the marathon. The number of chat

participants is also higher during all competition classes, although this value

is very low outside of competitions, with just 27.07 participants, rising to just
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31.00 during the major marathon competition. Days on which Accuracy Happy

Hours occur result in the largest number of chat participants, with 78.50 players

contributing to chat, but this is also likely because these days are the days on

which the major competition events occur, rather than a direct result of this

competition class.

7.2.1 Participation

In line with the motivations reported by Tinati et al. (2017a), only a small

minority of EyeWire players choose to take part in competitions. During the

sampled period, a total of 10,296 players contributed at least one cube to Eye-

Wire. EyeWire does not allow for anonymous contributions and so this reflects

all users except those who did not complete the tutorial process, or who other-

wise logged into the project but did not perform any work. During this period,

143 competitions took place and 494 players earned at least one point or con-

tributed at least one cube to at least one of these competitions – just 4.8% of

the total number of players active during this time. The mean number of com-

petitions entered by the 494 players is 6.50, but this value is skewed by a small

number of highly active players and over half of players (267 users) who en-

gaged in just one competition.

7.2.2 Player Numbers

Competitions are associated with a significant increase in player numbers within

EyeWire. The number of players who contribute to EyeWire is significantly

higher on days on which competitions are held than on days on which they

are not (p<0.01, d=0.55). This is true of both minor and major competitions

(p<0.01, d=0.88; 0.72). There is, however, no statistically significant difference

between the number of players on minor and major competition days (p=0.52).

Even among those players who chose not to contribute to competitions during

the sample period, the number of active players is higher on competition days

than on non-competition days (p<0.01, d=0.55). Despite this, when comparing

minor competition days with non-competition days, test results do not allow

for the rejection of the null hypothesis (p=0.58). Given that major compet-

itions attract significantly more players from the non-competing group than

minor competitions and the effect size for this test is large (p<0.01, d=0.92),

it can be concluded that there is no statistically significant difference in non-
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competing player numbers between non-competition and minor competition

days. Competitors, however, represent a minority of the active EyeWire player

base across all days, reflecting the low proportion of players who actively con-

tribute to competitions. This effect is weaker during competitions than outside

of competition periods (d=1.2; 1.28). Even so, the effect is significantly stronger

during major competitions, reflecting the increase in player numbers among the

non-competitors group (d=2.0).

7.2.3 Cube Contributions and Productivity

Competitions are associated with a significant increase in the number of cubes

contributed by players, both as a whole and individually, although this effect is

larger when considered across the community than when examining contribution

rates per player (p<0.01, d=0.79; 0.49). Both major and minor competitions

are associated with higher numbers of total cube contributions, although the

effect size is slightly higher in major competitions than in minor competitions

(d=0.79; 0.77). This is reversed in terms of the number of cubes contributed per

player, where the effect sizes are smaller, with the effect size in minor competi-

tions greater than major competitions (d=0.41; 0.35). There is no statistically

significant difference in the number of cubes contributed per player between

minor and major competitions, but significantly more cubes are contributed in

total in major competitions (d=0.61). However, the p-value for this condition

is slightly higher than in other conditions, reflecting a 98% rather than greater

than 99% chance that this result would not be seen by chance.

Among the non-competing group, the total number of cubes submitted is

greater during competitions than non-competition periods (d=0.35). When

tested separately, major competitions result in significantly more cube classi-

fications than non-competition periods, but minor competition periods do not.

Major competitions also attract significantly more total cube contributions than

minor competitions and so it can be concluded that minor competitions have no

significant effect on the number of cubes contributed by non-competitors. There

is no statistically significant difference in the number of cubes completed per

player among non-competitors across any of the four conditions.

Competitors contribute significantly more cubes than non-competitors on

competition days, both minor and major and on non-competition days as well.

Although this effect size is extremely large in all cases, it is greatest in the case



7. Competitions – Sociality Within Task 225

of major marathons (d=3.31) and weakest among major competitions (d=2.32).

When considering the number of cubes contributed per player, once again com-

petitors achieve significantly higher productivity than non-competitors, with

this effect greatest on minor competition days (d=3.37) and weakest on major

competition days (d=2.92).

7.2.4 Chat and Additional Tasks

Competitions are associated with a significant increase in the number of chat

messages sent by players and the number of chat participants over non-competition

days, both of medium effect size (d=0.77; 0.6). In contrast, no statistically sig-

nificant difference is observed with regard to scything and completion between

competition and non-competition days. No consideration was given to the im-

pact on the number of scything and completing participants due to the low

number of promoted players and the fact that more so than with cubes, the vast

majority of scything and completing are completed by a small number of very

active players. This echoes the issues raised by the EyeWire team in chapter 6

and suggests that completion remains a relatively unengaging activity, even

after changes to the reward schedule and emphasis of the importance of comple-

tion and its altruistic value for the project itself and for neuro-scientific research.

Moreover, since three completions are required for every submitted cube, the

number of completions required increases linearly with every additional cube.

7.3 Discussion

In spite of the low number of participants who described competition as a mo-

tivating factor for their participation in EyeWire according to Tinati et al.

(2017a), competitions are associated with significant increases in the number

of contributing players, the productivity of players and the overall number of

cubes contributed. There are, however, additional motivational factors involved

in competitions, particularly extrinsic motivations, as competitions are a simple

way to earn greater rewards without requiring a significant change in activity.

Even so, while interview participants characterised the community as predomin-

ately driven by points, it bears consideration that just a small minority of par-

ticipants have contributed to competitions and in the majority of cases, these

participants have engaged in just one event. If participants truly are so driven
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Figure 18: Number of non-competitors and total number of players on competition and non-competition days. Grey highlighted periods correspond to competi-
tions.
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by points, it seems counter-intuitive that they would pass up an opportunity to

earn relatively simple bonuses while they play. There are, after all, no barriers

to entry and no sacrifices required for competition participation. If a participant

performs poorly, he or she cannot lose points and while some forms of competi-

tion restrict the activity a participant can engage in (for example, no scything

or completions count towards marathons), this will be irrelevant for the ma-

jority of participants who will not have received the necessary promotion to

complete these tasks.

The increases associated with competitions stretches beyond those who

choose to participate within competitions. As seen in table 15, the number of

non-competing players is greater during competition periods than non-competition

periods and this effect is largest during major competitions. Similarly, cube con-

tributions from this non-competing group are also larger during competitions,

particularly major competition periods. The reason for this is unclear. At first

glance, it may appear odd that non-competitors would choose to sign in during

major competitions in significant numbers. Players who choose not to contrib-

ute in a given competition do not earn bonuses, rewards or badges and there

is little to spectate, with the exception of the leaderboard scores, which are

present during both minor and major competitions. For non-competing play-

ers the only benefit to participating in the project during a major competitive

period is the opportunity to view and engage with the thematic elements associ-

ated with the competition, the majority of which occur through the project blog

rather than the chat system. In the case of the EyeWire Games competition,

there are no narrative features for players to experience and yet according to

the EyeWire team, these have been highly successful. There is however, a strong

element of communal spirit that occurs in the chat system during competitions;

as participant one stated “chat is blowing up. Everyone’s excited.” The oppor-

tunity, then, to experience a communal event with other players can be seen as

an exciting opportunity even for those players who are less active and who do

not choose to actively participate within the event.

Nevertheless, this does not appear to be the case for competing players. Ma-

jor competitions do not attract significantly more players, nor result in more

cubes contributed per player than minor competitions. Notably, however, when

considering all major competition days, including those on which the Accuracy

Happy Hour and Evil Cubes events are held, major competitions do attract

significantly more players than minor competitions and the effect size of this
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impact is large (Z=-3.5, p<0.01, d=0.88). This reflects the popularity of the

opening and closing periods of competitions, during which narrative elements

are launched and activities such as player awards and promotions occur. The

popularity of the opening day suggests that the communal experience is par-

tially appealing to competing players, but overall, these findings demonstrate

that they are predominantly driven by extrinsic factors and peer-recognition.

Rewards are no greater for major competitions than for minor competitions and

as a result, competing players show no preference for either competition variety.

There are, potentially, other factors that have influenced these findings. Spe-

cifically, major competitions are accompanied by email campaigns, but the tim-

ing of these campaigns is inconsistent, occurring on the day of a competition

launching, the day or days leading up to the event or even, in some cases, a full

week before. Similarly, the nature of these emails also changes, with some de-

scribing only the upcoming event and others giving a full run down of EyeWire

news, as can be seen in figure 19. As demonstrated by figure 18, the number

of players active on any given day tends to be peak at around the time of com-

petitions and in all cases, peaks in player numbers are brief. On this basis, it

is unlikely that the email campaigns attached to projects have a sufficiently

significant effect on player numbers to impact the findings outlined here.

While competitions may have a beneficial effect in terms of the volume of

cubes contributed and the number of players, they also pose significant issues in

terms of project efficiency. Arguably more important than simply contributing

cubes is the community-led quality assurance process of scything and complet-

ing. Ensuring these tasks are completed is already a significant issue within

EyeWire. As the game masters described during the interview, during periods

where the administrators are busy or on holiday, a backlog builds up due to a

lack of cube completions. Competitions are not associated with a significant

variation in the number of completions or scythings that occur and this also sug-

gests a backlog: as the number of cubes that are completed increases, so more

work is created to scythe and to complete. While it is true that not all players

can engage in this task, this is not the cause of the issue as scything and com-

pleting was performed almost exclusively by players from the competitor group.

The team versus competition also recognises scything and completing as contri-

butions and these raise participant and team scores. As interview participants

pointed out, however, these tasks remain less efficient in terms of rewards and

for those highly motivated by competition, cube completion is the more efficient
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Figure 19: Example of EyeWire Competition campaign email.
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way to earn points.

This conflicts somewhat with earlier findings. Within the literature, autonomy

has been highlighted as a key motivational affordance across a variety of human

computation initiatives (Lukyanenko et al., 2016; Prestopnik and Tang, 2015).

Conversely, autonomy in competitions is associated with a trade-off in terms of

engagement within EyeWire. The more autonomous team versus competition

class – during which participants can earn points from any cube and, where ap-

plicable, from bonuses, tutorials and promotion-dependent activities – attracts

more players and competitors, but on average resulted in lower numbers of cube

contributions when compared with the marathon class. Further findings from

the literature suggest that autonomy can be associated with chat and the op-

portunity to self-organise or to exercise different skills. This view was also put

forward by the EyeWire team, in stating that “chat makes up for the dryness of

the task.” Yet the mean number of chat messages sent during the autonomous

marathon class is significantly lower than during the team versus task.

Conversely, Kraut et al. (2012) and the EyeWire team have both observed

that participants in online communities respond better to specific, concrete

goals and the team note this is particularly the case in VCS, where overarch-

ing scientific goals are too high-level and progress too slowly. As participant

5 pointed out, curing cancer does not function as an achievable target. Even

so, the use of specific, time-coupled goals as suggested by Kraut et al. (2012)

has unintentional consequences in VCS, as participants become more focused

on the task and less focused on social interaction – reflecting the finding of

Tinati et al. (2015a) that highly active players use the silence command while

completing cubes. While this is clearly beneficial for productivity among these

players, given the importance of social experiences for other, less competitive

players, careful consideration is required for how best to balance the needs of

different elements of the EyeWire community. During the interview phase, parti-

cipants placed a great deal of importance on ensuring a positive atmosphere for

EyeWire players. As participant 1 described during the interview process, it is

important that players – particularly new players – feel accepted and encourage

one another to achieve more, similar to the experience of participants in FoldIt

and Planet Hunters (Curtis, 2015b; Jackson et al., 2014).
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7.4 Summary and Conclusions

This chapter has presented the results of an analysis of player numbers and con-

tributions within the Virtual Citizen Sience Game With A Purpose, EyeWire.

These competitions add a degree of sociality to projects by allowing participants

to contribute in loosely connected teams, or as a collective towards a common

goal. To summarise, the main findings of this chapter are:

� The implementation of competition events is associated with increased

active player numbers, total task submissions and task submissions per

individual.

� This effect extends beyond those who choose to take part, with non-

competitor numbers increasing and greater task submissions from this

group as a whole on competition days.

� Competitions are similarly associated with increased discussion participa-

tion from both groups, with an increase in chat comments sent and total

chat participants.

� However, no association is seen between competitions and additional tasks

which are not rewarded through the competition schedule.

� Similarly, all effects are restricted only to competition days and diminish

rapidly after the competition is complete.

In the next chapter, I will explore the extent of the relationship between

discussion and task contributions in VCS by exploring contributions to two

high-pressure projects.



Chapter 8

Sociality and Productivity – High

Pressure Projects

Although various sources – including the EyeWire team, Tinati et al. (2014) and

Tinati et al. (2015a) – have suggested that the most active talk participants are

the most active task participants, the extent and validity of this relationship has

yet to be tested. In particular, there has been little consideration of how peri-

ods of high-productivity influence – or are influenced by – discussion activity

within projects. In this chapter, I draw on two full VCS projects completed over

the course of 48 hours with specific deadlines, which represent high-pressure

situations for VCS participants, to understand how discussion ocurs within

these projects. I begin by outlining the projects and the context in which they

arise, as it represents something of a departure from traditional VCS projects

which occur over the course of months or years. This is followed by descriptive

statistics regarding average contribution levels within each of the two projects

and an analysis of how contributions vary in each project other time. To un-

derstand and quantify the relationship between talk and task, a correlation of

these factors in each project is then carried out, followed by hypothesis test-

ing and calculation of effect sizes to expand on and clarify these findings. The

chapter ends with a discussion of the results described here and a comparison

with previous chapters’ findings, as well as a summary and conclusion of the

main points.

233
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Literature Review
(Chapter 4)

Project Review
(Chapter 5)

Interview Sessions
(Chapter 6)

Competition Analysis
(Chapter 7)

High-Pressure Projects
(Chapter 8)

Synthesis
(Chapter 9)

RQ1: How is Virtual Citizen Science 
understood and realised today?

RQ2: What Online Community tools 
and features are present in Virtual 
Citizen Science projects?

RQ3: How do task-based social events 
influence task completion in VCS 
projects?

RQ4: To what extent is engagement in 
discussion associated with increased 
engagement in task completion?

Figure 20: This study uses quantitative methods that build on findings from the literature review and
project review.

Figure 21: Classification submission screen for the Exoplanet Explorers project, showing the Talk
prompt and task submission button.
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8.1 Project Contexts

Each year, in partnership with BBC Stargazing Live, the Zooniverse launches

a 48 hour campaign held across three days, to generate as many classifica-

tions from participants as possible, as described in chapter 5 (Aye et al., 2018).

After 48 hours, scientific results generated directly through the campaign are

announced live on air (Aye et al., 2018). Initially, as described, these broad-

casts have showcased existing Zooniverse projects such as Planet Four, Planet

Hunters and Spacewarps (Masters et al., 2016). The partnership with Stargaz-

ing Live and use of live broadcasts has proven highly successful, driving far

more participants to contribute to these projects than would otherwise be ex-

pected (Curtis, 2018a; Masters et al., 2016). In recent years, however, rather

than using existing projects, new projects have been launched using Stargazing

Live to drive initial participation, such as Snapshot Supernova (Trouille, 2016).

This chapter looks at two such projects – Exoplanet Explorers and Planet Nine

– launched across ABC and BBC Stargazing Live in 2017, with the intention

that participants would complete all necessary classifications in just 48 hours.

Both Exoplanet Explorers and Planet Nine are astrophysics projects, aim-

ing to discover evidence for new planets. While both technically correspond

to the categorising task type as described by Dunn and Hedges (2013), each

uses a far simpler task workflow than the projects described in chapters 4 and 5.

Unlike Snapshot Serengeti which features in excess of 90 categories, or Galaxy

Zoo which features a branching decision tree (Prestopnik and Crowston, 2012;

Swanson et al., 2015), participants must simply make a binary yes/no choice

based on the appearance of the asset presented to them, as shown in figures

22 and 23. Planet Nine draws on image assets, while Exoplanet Explorers uses

graphs, with – as demonstrated by figure 21 – comparative examples of target

assets to simplify the task expected of participants. Planet Nine ran from the

31st of March until the 2nd of April and was ultimately unsuccessful in finding

evidence for the existence of a hypothesised ninth planet in our solar system,

but participants did rediscover a number of existing known astrophysical phe-

nomenon using the Talk system 1. Exoplanet Explorers ran the same week,

from the 4th to the 6th of April and was more successful. In total volunteers

found 184 potential exoplanetary candidates, either through classifications2 or

1https://www.zooniverse.org/projects/skymap/planet-9/talk/793/243564?page=1
2https://www.zooniverse.org/projects/ianc2/exoplanet-explorers/about/results

https://www.zooniverse.org/projects/skymap/planet-9/talk/793/243564?page=1
https://www.zooniverse.org/projects/ianc2/exoplanet-explorers/about/results
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Figure 22: Exoplanet Explorers interface, showing image asset and yes/no asset classification task

Figure 23: Planet Nine interface, showing image asset and yes/no asset classification task

by sparking and contributing to discussions through the integrated chat plat-

form ‘talk’3, in a manner similar to the discovery of the Hanny’s Voorwerp or

the Galaxy Zoo Green Peas (Cardamone et al., 2009; Lintott et al., 2009).

8.2 Descriptive Statistics

Descriptive statistics for the two projects can be seen in table 18. In spite of the

difference in the total number of tasks completed, the mean number of hourly

3https://blog.zooniverse.org/2017/04/07/stargazing-live-2017-thank-you-all/

Table 18: Descriptive statistics for Exoplanet Explorers and Planet Nine, including mean hourly statist-
ics, total contributions and volunteer numbers.

Name Mean
Task

Mean
Talk

Total
Task

Total Talk Volunteers Chat Parti-
cipants

Exoplanet Explorers 29376.86 189.83 2762043 17,844 8,164 1,155

Planet Nine 32647.56 193.02 4570659 23,355 20,346 2,526

https://blog.zooniverse.org/2017/04/07/stargazing-live-2017-thank-you-all/
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Figure 24: Line graph showing hourly contribution counts within the Exoplanet Explorers Project

task and talk contributions for each project is relatively similar. This is par-

tially skewed, as Exoplanet Explorers was soft launched over 24 hours prior to

the first Stargazing Live broadcast, while Planet Nine was not retired immedi-

ately and remained available (with a warning that classifications had been com-

pleted) after its ‘retirement’ – see contributions over time. Exoplanet Explorers

attracted less than half as many registered users as Planet Nine, although a

larger proportion of Exoplanet Explorers engaged with Talk in Exoplanet Ex-

plorers. This reduced engagement may be related to the fact that this was the

first time that ABC Stargazing Live was shown and thus, the first time that a

second Zooniverse project was launched in this period. A significant number of

classifications were completed by unregistered users in each project – 658,854

in the case of Planet Nine and 217,595 in the case of Exoplanet Explorers. No

data were available to allow these classifications to be associated with individual

users, or to allow the grouping of classifications based on, for example, similarit-

ies. For this reason, these were removed from the sample prior to analysis.

8.3 Contributions Over Time

Exoplanet Explorers was given a soft launch at approximately 16:00 on the 3rd

of April 2017, but was not featured on ABC Stargazing Live until 10:00 (20:00

in the Australian GMT+10 timezone) on the 4th of April 2017. Although initial

task completion rates were extremely low, these rates increased significantly in

the run up to the live broadcast. An initial peak of 79,086 classifications was

made in the hours following the first broadcast and the ‘official’ launch of the

project. Following this initial broadcast, the classification rate diminished some-

what rapidly over the course of 10 hours, reaching a low of 16,670 classifications.
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Figure 25: Line graph showing hourly talk comment counts within the Exoplanet Explorers Project

With the second broadcast event, classifications increased significantly, reach-

ing an overall peak of 99,868 classifications in the hour following the broadcast,

before once again diminishing to 18,689 classifications at a far more rapid pace

than following the initial broadcast event. After 24 hours, the classification

rate once more rose after the final broadcast event, initially deteriorating again

before slowly and steadily rising over the final 24 hours of the project lifespan.

Talk comment contributions similarly varied greatly, with peaks correspond-

ing to the completion of broadcast events. However, unlike task contributions,

the greatest peak in talk comments occurred after the first broadcast event,

with a second smaller peak after the second event and a final, significantly

smaller peak after the third and final broadcast event. Notably, however, talk

comments show something of a positive trend, with a gradual increase in the

number of hourly talk comments made with the exception of the final hour of

the projects’ lifespan. Talk comment rates were also far more prone to vari-

ations than task contribution rates, with frequent small but significant increases

and reduction in hourly talk comment totals. Similarly, during the soft launch

period, Exoplanet Explorers attracted disproportionately more talk comments

than task contributions.

In contrast with Exoplanet Explorers, Planet Nine launched on the Zo-

oniverse platform just prior to the initial BBC Stargazing Live broadcast at

20:00 GMT and generated immediate classifications from participants, with the

greatest classification rates in the hours following the initial broadcast during

which time participants contributed 301,680 classifications in an hour - over

three times the peak contribution rate of Exoplanet Explorers. In turn, after

approximately 3 hours, classification rates significantly dropped off at a more
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Figure 26: Line graph showing hourly contribution counts within the Planet Nine project

Figure 27: Line graph showing hourly talk comment counts within the Planet Nine project
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rapid and greater rate than in Exoplanet Explorers, falling to just 10,206 classi-

fications. Unlike Exoplanet Explorers, however, the classification rate in Planet

Nine gradually increased over the following day - with a second, smaller peak

not coinciding with the second broadcast event, but in fact falling some 6 hours

later. Once again, the classification rates fell rapidly, only to progressively rise

at a slower rate on the third and final day of the broadcast events, reaching the

smallest peak shortly after the third broadcast. Finally, classification rates fell

once again to just hundreds of classifications an hour and despite some minor

variation, did not recover after the broadcast cycle concluded.

On the whole, talk comment rates within Planet Nine follow task contri-

bution rates, with some significant differences. Firstly, initially talk comments

rise at a slightly faster pace than task contributions, with a peak coinciding

with the initial broadcast event and a second, greater peak in the following

hours. A similar phenomenon occurs with the second event, with a peak during

the broadcast itself - a peak not seen within the task contribution rates - fol-

lowed by a second much greater peak in talk contributions in the hours after the

broadcast, which occurs before the peak in task contributions. This is also seen

on the final day of broadcasting, with an initial peak in talk contributions dur-

ing the broadcast, followed by a peak in task contributions after the broadcast

has concluded. As with Exoplanet Explorers, talk contribution rates are more

prone to variation, but it is the second broadcast event and the hours following

which generates the greatest number of talk comments from participants. As

with talk contributions, participation rates fall and do not recover following the

final broadcast, but there are noticeably larger fluctuations in talk comment

rates, although it should be highlighted that these represent between just 1 and

11 hourly comments, rather than the hundreds or thousands of hourly talk clas-

sifications during this period.

8.4 Correlation Between Talk and Task

When considering hourly contribution rates, both projects demonstrate strong

correlation between task and talk contributions. In Planet Nine, talk activity

appears to be inherently linked with task workflows, with contribution rates in

both diminishing at a similar rate and at similar times upon the completion of

the BBC Stargazing Live broadcast cycle. Due to the more sudden conclusion

of Exoplanet Explorers, it is more difficult to state with certainty whether a
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Table 19: Correlation coefficient Results for Exoplanet Explorers and Planet Nine, including the coeffi-
cient τ , the p-value p and the sample size N

.

Name τ P N

Exoplanet Explorers (Hourly) 0.70 0.000 95

Exoplanet Explorers (All Volunteers) 0.22 0.000 8164

Exoplanet Explorers (Only Talk) 0.294 0.000 1155

Planet Nine (Hourly) 0.70 0.000 140

Planet Nine (All Volunteers) 0.21 0.000 20346

Planet Nine (Only Talk) 0.30 0.000 2526

similar phenomenon would have occurred, but there is a notable reduction in

both talk and task contribution rates – once again at a similar rate and time –

shortly prior to the closure of the project.

Although in both projects participant contributions appear to be linked with

broadcast events, interestingly participants continue to participate after the fi-

nal broadcast event – that is, after the announcement of the final project results.

Unlike other Zooniverse projects, the time limitation and desire to announce dis-

coveries live on air results in a more explicit link between talk and task within

these projects than in activities such as Galaxy Zoo. For example, it is possible

(though open to debate) that scientists would have found the Hanny’s Voorwerp

eventually and without such a discovery, Galaxy Zoo still achieved its goal of

morphological galaxy classification. In contrast, within Exoplanet Explorers

and Planet Nine, there existed a real-time element, with the desire to make an-

nouncements about project findings during Stargazing Live broadcasts. Talk

comments appear to drop off at about the time of the final broadcast, suggest-

ing that it is calling attention to these potential discoveries that predominantly

motivates talk activity.

On the other hand, while both projects demonstrate statistically significant

correlations between individual participants’ talk and task contributions, these

correlations are low enough to be considered negligible. As figures 28 and 29

show, the majority of participants make very few talk comments in both pro-

jects and a very small number of participants make a disproportionate number

of talk comments – particularly in the case of Planet Nine. The participant

responsible for the most tasks in Planet Nine made just three talk comments

although the participant responsible for the second largest number of classifica-
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Figure 28: Scatter graph showing classification counts and talk comments for all Exoplanet Explorers
volunteers who engaged with talk.

Figure 29: Scatter graph showing classification counts and talk comments for all Planet Nine volun-
teers who engaged with talk.

tions also made the largest number of talk comments. In Exoplanet Explorers,

similarly, the highest contributing participant to engage with talk made just

27 talk comments, while the most active talk participant made around 2000

classifications – an impressive figure, but one that is significantly less than the

highest contributing volunteers.

8.5 Distribution of Effort

The distribution of effort in both projects is highly skewed, with a small pro-

portion of participants contributing most of the work. This can be seen in the

Gini coefficients of 0.71 for both Planet Nine and Exoplanet Explorers. These

figures are lower than the average findings detailed by Cox et al. (2015b) and

by Sauermann and Franzoni (2015) of 0.91 and 0.81 respectively. The values

provided by Cox et al., and Sauermann and Franzoni, however, were calculated
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Figure 30: Box and whisker plots for Exoplanet Explorers showing the range of classifications re-
ceived for task only and talk and task contributing volunteers

Figure 31: Box and whisker plots for Planet Nine showing the range of classifications received for task
only and talk and task contributing volunteers
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prior to the introduction of the Panoptes system and the resulting rise in the

availability and number of Zooniverse projects. Since no more recent figures

have been published, it is not possible to conclude with any certainty whether

the distribution of effort in both projects is truly below average.

Contrary to the findings in many other projects, when accounting for out-

liers, a box and whisker plot of Planet Nine participants who contributed only

to the task element of the project exhibits a higher lower and upper quartile

and mean number of contributions than the talk and task group, as shown by

figure 31. Even among those participants considered outliers, the maximum

number of contributions was made by a participant who did not make any talk

comments, but instead made over 14,000 classifications - far in excess of the

highest contributing talk participant. The second highest contributing task par-

ticipant also outperformed many of the talk contributors, with approximately

8,000 classifications.

The opposite is however true in the case of Exoplanet Explorers, which gen-

erated fewer classifications overall. The most highly performing contributors

were all active in both talk and task, with approximately 7,000 classifications, as

shown by figure 30. Similarly, when accounting for outliers, the lower and upper

quartile and mean are all significantly higher among the talk and task group

than in the task only group. Nevertheless, even among those participants who

contributed solely to the task element, classification counts are relatively high

with many participants contributing thousands of classifications. Certainly, how-

ever, both projects provide evidence to question the view that the most active

talk participants are always the most active task participants.

8.6 Hypothesis Testing

This section outlines the hypothesis formation and testing process for each of

the two projects. It should be noted that the specific hypotheses to be tested

in each project are the same, on the basis of similar literature findings and the

similar nature of each project in terms of aim, characteristics and overall project

lifespan.



8. Sociality and Productivity – High Pressure Projects 245

8.6.1 Hypothesis Formation

As in chapter 7, hypothesis testing is necessary to better understand the as-

sociation between task completion and sociality within the analysed projects.

However, unlike in the case of chapter 7, there were no interviews from which

to gauge the views or assumptions of the EyeWire team on whether any such

relationship might exist. While two informal calls were held, the team made

it clear that they had done little analysis of the data and did not have strong

opinions about any possible link. Nonetheless, one member of the team viewed

the Exoplanet Explorers project as more effective, due to the level of dialogue

that the team had established with the community.

On this basis, I turned to the literature to shape and formulate the hypo-

theses to be tested. In terms of a link between task completion and talk com-

ments, the literature findings are somewhat varied, as demonstrated in chapter

4. On this basis, I once again chose not to give greater weight to the null or

non-null hypothesis and instead both are presented here without making value

judgements as to which is most likely to be correct.

Firstly, the literature suggests that there may be a link between task sub-

mission and task completion (Luczak-Roesch et al., 2014; Tinati et al., 2014).

Although there is a potential relationship between the length of time a user has

contributed to a project before he/she makes his/her first talk comment and

the resulting number of classifications that user makes ((Jackson et al., 2016a),

given the fact that both projects were new when launched and lasted only a

brief time, there was insufficient data to analyse such a relationship. Similar

findings regarding the average active lifespan of a project as suggested by Jack-

son et al. (2014) and by Curtis (2018a) were also incompatible with the brief

lifespans associated with the projects examined.

In less concrete terms, Luczak-Roesch et al. (2014) suggest that there may

be a relationship between whether a participant receives a reply or other form

of acknowledgement of his/her talk activity and resulting classification counts.

There is no quantitative evidence of this within the literature, but qualitative

and anecdotal findings reported by Curtis (2018a) and by Darch (2017) support

the testing of this hypothesis and further raise the possibility that participants

are further influenced by whether the respondent is a project scientist, or as

reported by Kraut et al. (2012), is otherwise a figure of some importance within

the community.



246 8. Sociality and Productivity – High Pressure Projects

On this basis, for each of the two projects, the following hypotheses were

formulated and examined:

HEandHF1 Engagement in Talk is associated with a significantly higher num-

ber of task contributions.

HE−nullandHF−null1 There is no significant association between engagement in

Talk and the number of task contributions made.

HEandHF2 Receiving at least one reply to a Talk comment is associated with a

significantly higher number of task contributions than not receiving a

reply.

HE−nullandHF−null2 There is no significant association between the number of

task contributions made and receiving at least one response to a Talk

comment.

HEandHF3 Receiving at least one reply to a Talk comment is associated with

a significantly higher number of Talk comments than not receiving a

reply.

HE−nullandHF−null3 There is no significant association between the number

of Talk comments made and receiving at least one response to a Talk

comment

HEandHF4 Receiving at least one reply from a project scientist is associated

with a significantly higher number of task contributions than receiving

only replies from other participants.

HE−nullandHF−null4 There is no significant association between the identity of

the respondent and the number of task contributions made.

HEandHF5 Receiving at least one reply from a project scientist is associated

with a significantly higher number of Talk comments than receiving

only replies from other participants.

HE−nullandHF−null5 There is no significant association between the identity of

the respondent and the number of talk comments made.
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Table 20: Summary of hypothesis, H Mann-Whitney U test outcomes for Exoplanet Explorers. Z-crit
for p<0.01 = -2.33

H Condition Z-Stat d Conclusion

HE

1
Number of Task Submissions (Talk
and Task vs Task Only - Exoplanet
Explorers)

-20.80 0.68 Hypothesis confirmed. Talk participants
contributed more tasks on average than
talk participants (p<0.01, medium effect
size)

HE

2
Number of Task Submissions
(Received Reply vs No Reply)

9.3 0.55 Hypothesis confirmed. Participants who
received a reply to their talk comments
contribute more tasks on average than
those who did not (p<0.01, medium effect
size)

HE

3
Number of Talk Comments
(Received Reply vs No Reply)

-0.47 N/A Hypothesis rejected. There is no
statistically significant difference in the
number of talk comments made by those
who received at least one reply to a talk
comment and those who did not (p=0.64)

HE

4
Number of Task Submissions (Reply
from Scientist vs Other Participants)

0 N/A Hypothesis rejected. There is no
statistically significant difference between
the number of tasks completed by those
who received at least one reply to a talk
comment from the science team and those
who only received responses from other
participants (p=1)

HE

5
Number of Talk Comments (Reply
from Scientist vs Other Participants)

-8.18 0.56 Hypothesis Confirmed. Talk participants
who received at least one reply from a
science team member made more talk
comments on average than those who only
received responses from other participants
(p<0.01, medium effect size)
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Table 21: Summary of hypothesis, H Mann-Whitney U test outcomes for Planet Nine. Z-crit for
p<0.01 = -2.33

H Condition Z-Stat d Conclusion

HF

1
Number of Task Submissions (Talk
and Task vs Task Only)

-35.44 0.51 Hypothesis confirmed. Talk participants
contributed more tasks on average than
talk participants (p<0.01, medium effect
size)

HF

2
Number of Task Submissions
(Received Reply vs No Reply)

12.46 0.5 Hypothesis confirmed. Participants who
received a reply to their talk comments
contribute more tasks on average than
those who did not (p<0.01, medium effect
size)

HF

3
Number of Talk Comments
(Received Reply vs No Reply)

15.81 0.64 Hypothesis confirmed. Talk participants
who received at least one reply to a talk
comment made more comments on
average than those who did not (p<0.0.01,
medium effect size)

HF

4
Number of Task Submissions (Reply
from Scientist vs Other Participants)

-6.69 0.30 Hypothesis confirmed. Talk participants
who received at least one reply from a
science team member made more talk
comments on average than those who only
received responses from other participants.
(p<0.01, small effect size)

HF

5
Number of Talk Comments (Reply
from Scientist vs Other Participants)

-14.59 0.51 Hypothesis Confirmed. Talk participants
who received at least one reply from a
science team member made more talk
comments on average than those who only
received responses from other participants
(p<0.01, medium effect size)
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8.6.2 Hypothesis Testing Results

In both projects, participants who engage with talk complete significantly more

classifications than those who only engage with the task elements of each pro-

ject. Nevertheless, this effect was greater in Exoplanet Explorers (d=0.68) than

in Planet Nine (d=0.51). Clearly then, while the interquartile range, lower and

upper quartile and top performing participants were all higher among task-only

contributors in Planet Nine, the overall average classification rate per parti-

cipant is still lower among this group - likely due to the sheer size and the large

quantity of low-performing participants, which represent a significantly higher

proportion of the total number of contributors than in the talk and task contrib-

utor group.

There also appears to be a truly social element to the interaction between

talk activity and task completion. Participants who received at least one re-

sponse to their talk comments and queries completed more task submissions

on average than those who engaged in talk without receiving a reply. In the

case of Planet Nine, a similar effect was seen in terms of the number of talk

comments that those who received replies left within the project, with high stat-

istical significance (p < 0.01) and a medium effect size, but no such effect could

be confirmed within Exoplanet Explorers. This appears to extend to comments

and interaction from members of the project science team. In Exoplanet Ex-

plorers, there was no statistically significant difference in the number of tasks

completed by volunteers who interacted with the science team and those who

only interacted with other volunteers, but a significant effect in terms of talk

comments left by those receiving replies from science team members - with a

medium effect size (d=0.56). In Planet Nine, however, a significant effect was

observed in the number of tasks completed by those who interacted with the

science team, with a small effect size, suggesting that under the right circum-

stances, feedback from the science team may spur increased action in volunteers.

As with Exoplanet Explorers, a medium sized effect was also observed in the

number of talk comments left by volunteers interacting with the science team.

It should be reiterated, however, that correlation does not imply causation and

it is not possible to state conclusively that replies from science team members

influence participant activity.
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8.7 Discussion

On the one hand, hourly talk and task contributions are strongly correlated in

both projects. As task classifications increase, so too do talk comments and at

the end of the course of both projects, task and talk contribution rates sharply

decrease at a similar time, to a similar extent. Similarly, in both projects the

broadcast events lead to a significant increase in both task and talk activity.

Despite the limited time available to participants, volunteers in both projects

who contribute to talk complete far more classifications on average than parti-

cipants who only complete microtasks. Even so, while talk participants made

significantly more classifications in both projects, non-talk participants in both

groups were able to contribute many thousands of classifications in the lim-

ited time available, raising questions about the extent to which there is a link

between productivity and sociality. In both projects, the task provided to vo-

lunteers was extremely simple – a binary yes or no choice – and there was no

other task option to distract from the repetitive workflow, a key opportunity

previously ascribed to Talk (Jackson et al., 2014). Similarly, while talk has been

described as essential for the discovery process (for example, by Tinati et al.

(2015b), thousands of task participants completed thousands of classifications

without making a single talk comment to draw attention to a potential finding.

Assets within Zooniverse projects are of course served randomly and so it is pos-

sible that participants simply did not find anything, but even so, the addition

of deadlines and the opportunity for live feedback on results had no effect on

the majority of participants. Certainly, however, under the right conditions – for

example, in the short term and with clear goals – participants are able to com-

plete large numbers of task classifications without the need to engage in other

activities or the drive to leave a project.

Furthermore, for individual participants, there is little correlation between

task and talk activity. The specific correlations displayed in the project are very

similar to the correlation between the number of tasks completed and chat mes-

sages sent in EyeWire, as calculated by Tinati et al. (2015a), where Kendall’s

τ of 0.3 is roughly equivalent to Spearman’s ρ of 0.43 (Gilpin, 1993). More spe-

cific to the Zooniverse, Tinati et al. (2014) describe how task contributions in

Zooniverse significantly outnumber talk contributions, a factor also observed

in Exoplanet Explorers and Planet Nine. However, it appears the correlation

between individual talk and task contributions is weaker in these Stargazing
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Live projects than in the projects studied by Tinati et al. (2014), as while no

correlation coefficient is given, the graphical representation of the correlation

between talk and task contributions is clearly stronger than the weak to negli-

gible correlation of 0.3 described here.

While engagement with talk is associated with higher classification levels

overall, these are highly variable and the number of talk comments made by a

volunteer is no indication of how engaged he or she is in the project and how

many tasks he or she has completed. Darch (2017) and Heaton and Torres

(2015) suggest that participants expect scientific results within relatively short

time-frames and that in the absence of these results participants can be demor-

alised and demotivated and this was supported by participant one during the

interview phase, albeit in the context of EyeWire. Even so and despite the pop-

ularity of scientific research as a factor influencing intrinsic motivations, the

opportunity to hear about scientific findings in a relatively short time-frame has

little impact on participant engagement patterns. The vast majority of parti-

cipants still contribute very little and both talk and task activity are reliant on

a small number of highly active users, even when coupled with a final deadline

– a factor which Kraut et al. (2012) suggests should encourage contributions.

While the distribution of effort is somewhat greater in both Exoplanet Explorers

and Planet Nine, it is not possible to say with certainty whether this is a result

of increased engagement, or simply that the project lifespan was too short for

top performing participants to build up a greater number of contributions.

While the previous literature has predominantly associated task comple-

tion with talk contribution on at least some level, the findings from this chapter

raise questions about this. In fact, even among those participants who actively

contribute to talk, simply posting comments is not the greatest indicator of

task contribution levels. In both projects, receiving a reply or comment further

boosted the number of contributions left by participants, with a further boost

in Planet Nine when the reply was made by an individual flagged as a project

scientist. This suggests that it is not merely exercising new skills, autonomy or

relief from repetition that volunteers derive from talk, but that there may be an

interaction- and sociality-based component in the factors that govern individual

volunteers’ productivity. At the same time, Luczak-Roesch et al. (2014) identi-

fied poor response rates and times within project Talk platforms, noting that

volunteers could expect to wait hours or even days for a response.

The significant and sudden impact on task and talk contributions observed
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within each project is similar to the effects of radio broadcasts observed in

Galaxy Zoo. In a manner reflective of Exoplanet Explorers, the first days of

Galaxy Zoo generated little interest from volunteers, until a radio channel

broadcast interviews with project scientists, leading to a sudden, but lasting

increase in the number of participants and contributions to the project (Mo-

rais et al., 2013). Ensuring potential participants hear about a project, then,

represents a significant barrier to participant recruitment and resulting project

productivity. This in itself is not a new finding, as Iriberri and Leroy (2009) and

Kraut et al. (2012) both discuss the difficulties associated with participant re-

cruitment to online communities and the issues with relying on word-of-mouth

campaigns. Yet it is still odd to note that participant recruitment poses such

an issue in the Zooniverse. Strong cross project migration has been observed

between projects with similar goals and the Planet Hunters project – with

identical goals and an extremely similar task to Exoplanet Explorers is one

of the most successful in Zooniverse history, having received contributions from

over 160,000 volunteers and at one time being responsible for 25% of all tasks

completed within the platform (Curtis, 2018a).

Even so, these findings, in line with findings from Luczak-Roesch et al.

(2014), clearly demonstrate that task engagement is not necessarily an indic-

ator of talk engagement. Projects which are appealing in terms of talk – like

Exoplanet Explorers or Seafloor Explorer as detailed by Luczak-Roesch et al.,

– are not necessarily the most appealing projects in terms of task completion.

In both of these examples, the number of talk participants outnumbers sim-

ilar projects, but the number of task participants is significantly lower. Talk

nevertheless plays an important role in participant motivations as an oppor-

tunity for feedback and learning. Where this feedback is provided, participant

motivations are strengthened (as suggested by Jennett et al. (2016)) and this

enhances participant productivity. As Jackson et al. (2014) and Morais et al.

(2013) suggest, there is also a link between talk activity and long-term contri-

bution patterns, although the projects discussed here are inadequate to observe

such a phenomenon. This suggests that while participants in both projects were

able to contribute significant numbers of contributions in the short term, such

participation would not continue and these initially heavy contributors would be

overtaken by less active contributors who remain attached to projects for longer.
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8.8 Summary and Conclusions

This chapter has described task and discussion activity within two 48 hour pro-

jects conducted in conjunction with ABC and BBC Stargazing Live. The key

findings of this chapter are as follows:

� Task completion and discussion contribution rates are strongly correlated,

even in situations which encourage volunteers to prioritise one action or

the other.

� Conversely, the number of tasks completed by participants greatly out-

numbers the number of task contributions made.

� Participants who engage in talk make significantly more contributions on

average than participants who do not.

� This effect is greater for participants who receive at least one reply to

their talk comments and may be greater still among those who receive

responses from project scientists – specific findings across the two projects

were inconclusive.

� Even so, in the short-term, participants who do not contribute to talk are

still capable of completing significant numbers of classifications, poten-

tially outperforming many of the talk participants.

In the final chapter, I will synthesise and discuss the significance of each of

the previous chapters, alongside a discussion of the key conclusions and associ-

ated limitations of this thesis.





Chapter 9

Discussion and Conclusions

This chapter serves to summarise and discuss the results of the previous chapters

in the context of the overall research questions and aims of this thesis. Firstly,

a summary is given of the methods and contributions of each of chapters 4 to

8. Findings are then synthesised based on the main topics of each of the 3 re-

search questions outlined in the introduction, with an additional focus on the

consideration of the three background theories described in chapter 2 – collect-

ive action, distributed intelligence and social machines. Opportunities for future

work stemming from and related to the conclusions of this chapter are then

presented, along with limitations stemming from the methodological approach

used and projects studied. This chapter – and this thesis – finishes with a set

of conclusions aimed to draw together each of the main points derived from this

research.

9.1 Summary of Contributions

Throughout this thesis, I have presented findings and conclusions from across

5 main studies, focusing on the nature of VCS and the role that sociality plays

in its design and efficiency. This section outlines the methodology and data

sources used for each chapter, as well as a brief summary of the main findings

and themes resulting from each study. These findings are then synthesised and

discussed in more detail in the following section.

255
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Literature Review
(Chapter 4)

Project Review
(Chapter 5)

Interview Sessions
(Chapter 6)

Competition Analysis
(Chapter 7)

High-Pressure Projects
(Chapter 8)

Synthesis
(Chapter 9)

RQ1: How is Virtual Citizen Science 
understood and realised today?

RQ2: What Online Community tools 
and features are present in Virtual 
Citizen Science projects?

RQ3: How do task-based social events 
influence task completion in VCS 
projects?

RQ4: To what extent is engagement in 
discussion associated with increased 
engagement in task completion?

Figure 32: This chapter summarises and integrates the findings of each of the five previous chapters.

9.1.1 Transdisciplinary Literature Review

Chapter 4 described the results of a transdisciplinary literature review draw-

ing on 61 publications from across 5 databases. These results focused on five

main areas: the tasks and activities that make up VCS, design challenges and

potential solutions within the literature, participant motivations, participant

engagement patterns and the form that sociality takes. Based on the 62 pro-

jects identified, VCS is predominantly used within astrophysics and biological

sciences research, making use of images and simple categorising and classifying

tasks. Accuracy and data quality, the quantity of contributions, attracting parti-

cipants and retaining a sufficiently large community of volunteers make up the

main design challenges associated with VCS methodologies. Data quality issues

are generally solved through the use of redundancy and aggregation of results,

which has a knock-on effect for the efficiency of projects. To motivate contribu-

tions, projects may draw on gamification, sociality in the form of competitions

and collaborative goals, or design interventions designed to emphasise the signi-

ficance of projects. Participant recruitment issues were not a prominent focus of

the literature, but studies suggest that these too may be solved through design

interventions and project framing. Similarly, participant retention, while a signi-

ficant issue, was not discussed in great detail and at least one source considers

high participant turnover rates inevitable (Sauermann and Franzoni, 2015), but

there are indications that sociality, collaboration and the nature of assets all
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play a role in participants’ decisions to remain with projects in the long-term.

In terms of motivations, VCS participants are all volunteers and long-term

participants report high levels of motivation stemming from altruism and a

desire to contribute to science. Intrinsic motivations – that is, participants’ own

interests in science, tasks or assets – are the greatest factor driving the initial

decision to contribute to projects and this motivation persists as participants

learn more about the project and potentially earn extrinsic rewards if these are

offered. Even so, engagement in VCS is characterised by a large proportion of

momentary participants who dabble briefly in projects before leaving and not

returning. To achieve project aims, designers are relient on a small number of

highly active users who contribute the bulk of contributions.

Social interaction within projects may occur within integrated discussion

interfaces, linked forums or custom interfaces or even external services such

as IRC and may be synchronous or ascynchronous depending on the service

used. Participants interact with one another and less commonly, moderators,

administrators and scientists while – or between – enaging in tasks. Sociality

is invaluable as an opportunity for participants to learn how to complete tasks,

to escape the potentially monotonous task workflows in VCS by exercising new

skills and autonomy and also to self-organise around tasks or events. Even so,

lurking is common and participants may share negative opinions which impact

the motivation of their fellow participants to engage with tasks. As a result,

while a small number of studies have associated increased task activity with

discussion, these findings are ambiguous.

9.1.2 Project Survey

To better understand the specific features present in VCS projects, chapter

5 presented the results of a survey of 48 VCS projects, identifying features

through a structured walkthrough process based on 4 themes drawn from the

wider literature. These themes included: task visibility, goals, feedback and re-

wards. Task visibility is low across each of the surveyed projects, with tasks

assigned to participants almost exclusively at random and with no option to

view the submissions made by other participants or the wider community. Goals

occur in approximately half of projects and predominantly take the form of clas-

sification challenges, where the community of participants must achieve a cer-

tain number of classifications by a given deadline, with aims that could not be
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achieved by any one individual. Feedback mechanisms were found in a similar

number of projects, but were predominantly task-contingent, with participants

receiving feedback on the quantity of submissions made, either by individuals or

by the community as a whole. Performance-contingent feedback regarding task

accuracy was significantly less common and in many cases, offered only through

discussion features. Finally, rewards were offered in a large proportion of pro-

jects, predominantly in the form of status rewards, offering players indicators

that could be displayed to the wider community or in some cases, new activ-

ities that other players could not achieve. Extrinsic motivators such as points

and rewards were found in approximately a quarter of projects and were pre-

dominantly associated with games with a purpose, although some less gamified

projects such as Notes from Nature also featured rewards.

9.1.3 Interview Sessions

Chapter 6 detailed comments and findings from three semi-structured inter-

view sessions carried out with the 6 full-time members of the EyeWire team.

The main aim of this chapter was to understand the factors influencing the

VCS design process, to understand why online community and discussion fea-

tures are added to VCS projects and to identify how players had made use of

these features in the ontext of EyeWire. Several themes arose during the in-

terview process. Participants highlighted the importance of productivity and

cost-effectiveness to the perception of EyeWire as a successful project, noticing

trade-offs and balances necessitated with task accuracy and participant engage-

ment and enjoyment. With regard to observations of participant motivations,

the team noted significant intrinsic motivations among the community, but all

participants felt that extrinsic motivators – points, badges and other rewards –

were the most effective feature within EyeWire. The issue of altruism was some-

what controversial, particularly in light of the difficulties associated with the

Scythe Complete feature, which had initially relied on participant altruism with

little success.

In terms of online community features, the team had been willing to intro-

duce greater task visibility, but had unfortunately been unable to due to the

simple, repeatable nature of EyeWire tasks. Feedback and rewards were both

viewed as very important by the team, who felt that feedback could serve as a

reward mechanism, making up for the lack of progression within the game as
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participants receive messages congratulating them on high performance and

constantly strive for self-improvement by observing their own personal accuracy

score. Goals, however, were particularly important within EyeWire, having re-

vitalised the project after an initial slump and driving more volunteers to the

project, but also increasing the efficiency and productivity of the project and

potentially, community health and the accuracy of submissions.

Chat and associated discussion was one of the most important features

identified by the team, particularly as an escape from the otherwise repetitive

nature of the tracing tasks. Beyond this and given the difficulty of neuron tra-

cing, chat also played an important role in training participants, although this

was more true of the earlier days of EyeWire than currently. Although the team

were somewhat ambiguous with regard to linking chat activity to productivity,

they drew links between specific chat features and player desires to complete

tasks. These results expanded on and offered an explanation for some of the

observations made within the project review, as well as offering a basis for the

competition analysis process.

9.1.4 Competition Analysis

Based on the imortance of competitions within EyeWire as described by the

team during the interview process, hypothesis testing was conducted drawing

on a year of participant contribution and competition data from the EyeWire

project. Major competition events are associated with an increased number of

players, even among those players who choose not to participate and are also

associated with a significant increase in the number of cubes contributed, al-

though not among individual players who do not compete. Players who choose

to engage with competitions are a small, but highly active proportion of the

EyeWire player base, contributing significantly more cubes than non-competing

players even on days when competitions do not take place. However, while com-

petitions are associated with an increase in discussion, there is no association

between competitions and less engaging tasks – specifically scything and com-

pleting – in spite of the importance these tasks hold for the efficiency of the

project.
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9.1.5 High Productivity Project Analysis

Finally, chapter 8 presented results from two high pressure projects conducted

over the course of 48 hours, during which time participants had to conduct work

much more quickly than in ordinary VCS projects. The findings demonstrate

that even with relatively immediate feedback on classifications and explicit re-

quirement for collective action, the majority of participants contribute very

little work, suggesting that this may be an insurmountable challenge for pro-

jects as long as they draw on volunteer efforts. On the whole, participants who

engaged with Talk completed more classifications than volunteers who didn’t.

At the same time, there was little correlation between the number of tasks com-

pleted and the number of talk comments a participant left – that is, the most

active task participants are not necessarily the most active talk participants.

Moreover, in both projects, many of the top contributing participants did not

leave talk comments at all.

9.2 Synthesis of Findings

This section synthesises and compares findings from each of the qualitative and

quantitative studies detailed within chapters 4 to 8. These are divided into

relevant themes relating to the three research questions outlined in the intro-

duction – the nature of VCS, online community features in VCS, sociality and

productivity and the theoretical framework, particularly VCS as an example of

collective action.

9.2.1 The Nature of VCS

Despite the large crowds of participants involved in VCS, the task elements

of projects are not truly social activities. As demonstrated in chapter 5, par-

ticipants are assigned tasks at random and generally have no option to work

on tasks in partnership with other players. On the one hand, VCS draws heav-

ily on redundancy and aggregation (Wiggins et al., 2011) and as suggested by

Mugar et al. (2014), it is true that such methods somewhat require tasks to be

completed in isolation. The EyeWire team, however, hint at a further reason for

this: a lack of opportunities for collaboration. VCS tasks – like other forms of

microtask crowdsourcing – are designed to be simple and repeatable, such that

they are accessible to a large potential audience, without any prior specialist
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knowledge (Bu et al., 2016). This simplicity, however, hampers collaboration as

there is largely no need for specialised roles for such simple tasks. Further evid-

ence for this can be seen in the fact that the two projects identified within this

thesis that do allow for collaboration are those with the more complex tasks –

FoldIt and EyeWire (Curtis, 2015b; Kim et al., 2014). In both cases, this collab-

oration is delayed, with later players building on earlier submissions and in each

case, the collaboration is available only to a small number of trusted players,

be they promoted in the case of EyeWire or team mates in the case of FoldIt.

The EyeWire team have expressed the desire to introduce further opportunit-

ies for participants to work together as teams or groups, but found that such

approaches are incompatible with the nature of VCS tasks.

As a result, sociality and disussion are not required to engage in VCS activ-

ities and there is little need for explicit interaction between players. Discussion

and interaction can play an important role, however, in facilitating VCS tasks

by training players, as in the absence of discussion features, tutorials are rarely

completed and in some cases, are insufficient to train participants in how to

complete project tasks (Kim et al., 2014; Ponciano et al., 2014). The use of dis-

cussion features as an opportunity for learning is widespread in both simple and

more complex tasks, having been identified by the EyeWire team as mentioned

in chapter 6, but also being described previously in FoldIt and potentially in

Planet Hunters and Seafloor Explorer (Curtis, 2015b; Mugar et al., 2014, 2015).

Interaction plays a further facilitative role as activities become more complex,

with the EyeWire team collaborating with high performing players through the

chat interface to perform more complex activities within the project than could

otherwise be accomplished alone by either group. This calls to mind the rare

but valuable phenomenon of citizen-led serendipitous discoveries within Galaxy

Zoo, driven initially by volunteers and later, by interaction between volunteers

and project scientists (Tinati et al., 2015b).

9.2.2 Online Community Features in VCS

Arguably the most important use of sociality in VCS is in converting individual

workflows into online communities. The project review process found evidence

of a wide-ranging selection of features used to attract contributions to VCS

projects. Despite the lack of focus on extrinsic factors within the motivations lit-

erature, rewards appeared in almost a quarter of all projects and a social title or
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role designed to be displayed to other players was present in over three quaters

of projects. Feedback on one’s own and the community’s progress was also relat-

ively common, appearing in over half of projects. Yet it is the provision of goals

which lends the greatest social experience to projects, allowing participants to

work together or compete to achieve more accessible aims than the scientific

research purposes attached to projects. These goals serve an important design

purpose within gamified projects, as the EyeWire team was able to overcome

several stated weaknesses of VCS as a genre through the use of goals, allowing

participants to win, earn rewards and feel they had accomplished something

simply through the introduction of competitions.

Task visibility features are rare in VCS, with projects assigning tasks to

individuals on a predominantly random basis, with little opportunity to share

submissions. Exactly why this is appears to depend on the specific project in

question. Mugar et al. (2014) states that Planet Hunters and Seafloor Explorers

both have tasks designed to specifically restrict task sharing and visibility and

this somewhat aligns with reports from Wiggins and Crowston (2011) and Wig-

gins et al. (2011) that redundancy is common within VCS. Conversely, the Eye-

Wire team described a willingness and even desire to introduce greater levels of

collaboration to the task, noting that they were hampered by the lack of oppor-

tunities for multiple participants to engage in tasks. Competition events which

allow weak collaboration among players for specific tasks nonetheless effect-

ively increase the number of submissions made and the number of contributing

players within VCS projects. Given the observations made by Crowston et al.

(2018), it is likely that task visibility restrictions will become relaxed as projects

move towards more collaborative citizen science formats. Even so, the need for

quality assurance processes will continue to restrict the extent to which sharing

of submissions is enabled within VCS projects.

Similarly, specific task-contingent feedback is rare within VCS projects.

Those projects which introduce such feedback generally do so through the use

of simulated or gold-standard assets. Participants who wish to seek feedback

about more general contributions must do so through social and discussion fea-

tures. Even so, feedback and learning are key motivational factors within VCS

projects, reported by participants across projects. These in turn align with vo-

lunteers’ intrinsic motivations, as participants seek to learn more about the

domain in which they work or even the project they contribute to, as shown

by the experiences of EyeWire team. Feedback about project progress is more
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nuanced. On the one hand, sources including Kraut et al. (2012) state that

feedback relative to project progress can drive participation. Conversely, the

EyeWire team choose to limit interaction between project participants and sci-

entists, as scientific results progress slowly. In VCS contexts, then, feedback is

not as effective as in other online communities.

The sampled literature dealing with motivations within chapter 4 did not

discuss extrinsic factors in great detail, largely because such factors were not

reported by participants. Nov et al. (2014) suggested that the low score given

by participants to reputation mechanisms was linked to their perception of

such features with rewards, although specific evidence was not provided for

the claim that participants are not motivated by extrinsic factors. Participants

from FoldIt and Galaxy Zoo report little interest in reward and competition

mechanisms such as leaderboards (Curtis, 2015a; Darch, 2017), althoug Ponti

calls into question this view and suggests that it is the Galaxy Zoo team who

resist the use of such mechanisms. Tomnod participants also described little

interest in the provision of rewards to high performing players (Baruch et al.,

2016). Even so, rewards are relatively common in VCS projects, with the option

to earn titles or roles present in over three quarters of projects. The EyeWire

team suggest that participants are very appreciative of rewards – be they points,

badges or physical prizes, although EyeWire is very much a points-based game.

Yet throughout these findings there have been suggestions that participants may

view scientific outcomes as a form of reward, being disheartened by the slow

pace of publications in EyeWire and unwilling to complete tasks which do not

directly lead to project science in EyeWire and Galaxy Zoo (Darch, 2017).

9.2.3 Sociality and Productivity

Although in facilitating activities, discussion undoubtedly at least partially con-

tributes to productivity, it is arguably not essential or integral. The vast major-

ity of participants do not engage with discussion features at all, including both

short-term “dabblers” described by Eveleigh et al. (2014), but also the “lurkers”

described by the EyeWire team who contribute a low to medium quantity of

contributions for a sustained period of time. In the short term, as demonstrated

by chapter 7 and 8, participants can contribute heavily to projects with little to

no use of discussion features. Even among highly active participants, EyeWire

players tend to mute the chat window while completing tasks (Tinati et al.,
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2015a). Yet sources have repeatedly associated the greatest volumes of task

contributions with the most active talk participants – across the Zooniverse,

in EyeWire and in Planet Hunters (Jackson et al., 2016b; Tinati et al., 2014,

2015a). As shown by 8, this is not entirely the case, as in the short term, task-

only participants contribute as heavily as talk contributors, but on the whole,

talk participants do make more contributions overall than task participants.

Exactly why this may be is still unclear. Discussion and the community are

not a significant motivator for participants, either as self-reported or as demon-

strated by behaviours in project experiments (Nov et al., 2011a; Tinati et al.,

2017a). This is not simply because the majority of participants avoid discus-

sion, as Raddick et al. (2013) described similarly low levels of motivation as

reported by Galaxy Zoo participants who were active in – and recruited for the

study through – the project forum (since replaced by Talk). Discussion and op-

portunities for sociality – such as sharing achievements with one another – do

interact positively with participants’ intrinsic and extrinsic motivations. Eye-

Wire participants use chat to discuss neuroscience, the project and the underly-

ing technology itself, while the team use award ceremonies and chat indicators

to spur participants to contribute as they receive recognition from fellow play-

ers. Opportunities for feedback and learning are also significant affordances

of discussion platforms, further influencing participants’ intrinsic motivations

(Jennett et al., 2016). This can be seen in the greater number of classifications

made by participants who received responses to their questions in Exoplanet

Explorers and Planet Nine.

Instead, the use of discussion features may be better viewed as an indicator

rather than a source of motivation to participate in projects. This aligns with

the self-reported motivations discussed within chapter 4 and with the descrip-

tion of “dabbling” behaviours observed by Eveleigh et al. (2014). In contribut-

ing to a new VCS project, many participants dabble, trying out a project for

a brief period to see if it aligns to their interests and needs. Talk engagement

is a lengthy process, particularly if participants are awaiting a response or ask-

ing a question - at least in the case of Zooniverse’s Talk (Luczak-Roesch et al.,

2014). Dabbling periods are also extremely brief - 90 seconds as described by

Tinati et al. (2015b). Jennett et al. (2013) explains that learning about pro-

jects - through, for example, discussion features - can strengthen and reinforce

participants’ intrinsic motivations, but if Eveleigh et al.’s findings are accurate,

then these participants are already more motivated than the majority of the
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community - or at least, than the dabblers.

9.2.4 VCS as Collective Action

But what of VCS as a collective action, community-driven process? On the one

hand and to an extent, VCS projects rely on volunteers pulling their weight and

doing their bit for the good of the project. There is also evidence within the

literature that this also drives participants. Diner et al. (2018) and Laut et al.

(2016) both demonstrate that the opportunity to see how many submissions

fellow participants are making can influence volunteer contribution rates, with

participants making more or fewer contributions in line with the wider com-

munity. Similarly, collective motives were the most significant factor influencing

participation in the Stardust@Home project, while also being important factors

in FoldIt and Galaxy Zoo, as well as an experiment conducted by Rotman et al.

(2014) (Nov et al., 2014; Reed et al., 2013). Evidence from the analysis of com-

petition participation in EyeWire supports this hypothesis, as the chance to

collaborate with other players sharply drove participation, even during minor

competition periods without the allure of narratives and progression experiences.

This was particularly the case with the marathon competition class, where par-

ticipants as a collective must complete as many cubes as possible, as quickly as

possible.

Even so, project communities may not exhibit collective action in the strict-

est sense. While Marwell and Oliver (1993) describe collective action as devel-

oping once initiatives reach a critical mass after the initial input of altruistic

participants, it cannot be said that this is true of VCS. Initial participation is

predominantly driven by intrinsic motivations and Rotman et al. (2012) ob-

served altruistic motivations only in long-term project participants. The major-

ity of players contribute a very small number of classifications for brief periods

of time (Ponciano et al., 2014). This is true even in high-pressure situations

where the time available to make contributions is limited and where projects are

particularly reliant on each participant doing their bit. Moreover, evidence from

the EyeWire team and from Darch (2017) and Woodcock et al. (2017) calls the

idea of altruism in long term participants into question, suggesting that these

altruistic motives have limits in terms of the influence they have upon parti-

cipants. Participants are not truly motivated by altruism, but potentially by

a reward-style mechanism where they view scientific results as the reward for
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and outcome of their actions. Even where these results are delivered more im-

mediately and are more explicitly dependent on participants’ short-term efforts,

such as in the case of the Stargazing Live projects, this is not enough to drive

significant participation from most volunteers. Linked to these contribution pat-

terns, Sauermann and Franzoni (2015) further suggests that far from a critical

mass, projects are constantly in a state of flux and to an extent, death – no mat-

ter how slow – as originating members of the community leave and fail to be

replaced by sufficiently engaged newcomers.

It might be argued that collective action carries with it certain assumptions

– for example, Marwell et al. (1988) state that collective action is commonly

seen to rely on social bonds between participants. Similarly, there is the sugges-

tion made by Van Zomeren et al. (2004) that collective action can be viewed in

light of social identity theory, as participants engage in collective action to build

their own social identities. In the light of these suggestions, sociality and com-

munity would be essential for driving participation. It is, after all, only through

sociality that participants in VCS could build an identity and social bonds. The

EyeWire team showed an awareness of this idea, in discussing the importance of

chat for the project:

“[Chat and email have] been huge in maintaining that relationship... to
create that tone of a community where we make sure things were ex-
tremely friendly as possible and we make sure that everyone feels in-
cluded in the chat... And as far as, you know, that kind of community
management goes, that has been our main goal. To kind of foster the
community and set the tone, so that more older players who have been
around longer can pass that along to newer players and keep it going.”
(Participant 2 )

This partially ties into Actor Network Theory and the nature of VCS pro-

jects as networks of loosely connected human actors and machine and techno-

logy elements. These findings suggest that there is a risk in some cases that

projects will lose sight of the more vital and expanded role that human agents

can play within a network. In this way, project participants are treated almost

like machines, rather than as active influences within the project. As demon-

strated by the results of chapters 4 and 5, projects do not offer volunteers signi-

ficant agency, particularly in terms of opportunities to steer the research agenda

within projects or project outputs. Participant 1 was particularly cognisant of

this issue, both in the context of EyeWire as a game and as a scientific endeav-

our:
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“They’re not just usernames – they’re people. They’re real people who
are enthusiastic and they care and they want to help. So it’s not like try-
ing to take advantage of them. It’s trying to invite them in to be a part
of the thing that you’re trying to do. The knowledge that you’re trying to
create and the discoveries that you’re trying to make.” (Participant 1 )

The value of these social relationships – particularly in terms of collective

action – is nevertheless debatable. In the case of EyeWire, building trust with

the community and engaging in discussion around the scythe complete feature

had no impact on participants’ willingness to use the feature. Instead, players

are observed to be highly motivated by points and by their reputation. In this

way, the social identity that participants build is more reliant on rewards and

social indicators than on the actual relationships built with others. Further-

more, at least in the short-term, participants can and do contribute heavily to

projects without any social interaction or recognition, as demonstrated by the

high performing task-only Stargazing Live participants. There is also no link

between the number of task and talk contributions made by participants, either

in the projects examined by Tinati et al. (2014), or in the high pressure projects

examined in chapter 8. Even so, participants who receive responses and interac-

tion from fellow players and scientists contribute more than those participants

who do not.

9.3 Limitations and Future Work

There are, of course, additional considerations and qualitative benefits to the

use of community features which were outside of the scope of this thesis. For

example, further consideration should be given to the value in building a com-

munity of interested participants around scientific and research issues and the

importance of discussion platforms (as well as social media) in contributing to

the formation of such communities. Moreover, as noted by the EyeWire team,

such portals and features offer outlets for interaction between volunteers and

scientists that can lead to important insights and improved user experiences.

These are interesting directions for future qualitative and quantitative research

and

Throughout this thesis, data quality has been a matter of some concern in

VCS contexts. During the interview stages, the EyeWire team suggested trade-

offs between the quality and quantity of the work done within EyeWire and

Gardiner et al. (2012) suggests that this is a common issue across citizen sci-
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ence. There is, therefore, an area of significant importance and interest, which

has not been considered within this thesis: what is the relationship - if any -

between social activity and community activities and the accuracy and qual-

ity of submissions. This is not, however, a simple question to answer. Tinati

et al. (2014), Tinati et al. (2015a) and the EyeWire team all suggest that par-

ticipants who communicate do more work and while this did not hold true in

the case of Exoplanet Explorers and to some extent Planet Nine, participants

who communicate do tend to contribute more on average than those who do not.

In EyeWire, at least, Kim et al. (2014) suggests a link between the amount of

work a participant has done and their overall average, although participant 1

cautioned that this was not always the case:

“Sometimes you’ll open up and a player has done 10,000 cubes and their
accuracy is still 65%. That’s rare, but sometimes that happens!” (Parti-
cipant 1 )

Any attempt to explore a connection between discussion and accuracy will

have to correct for and consider the impact that extended participation has

on the quality of a players’ contributions. Where feedback is given, it is also

probable that higher performing players are more motivated to do more work

and engage with the project, in line with suggestions by Kraut et al. (2012).

Similarly, there are limitations within the methodologies and data drawn

upon throughout this thesis. One such limitation is in the generalisability of

these results. The methodology and data used within this thesis are not read-

ily conducive to general findings that can be applied to other VCS projects. In

particular, the phenomenological interview process used within chapter 6 draws

upon a small number of participants from just one project. Similarly, the high

pressure, time-limited projects described in chapter 8 are not typical of VCS

projects generally. At the same time, however, these results build upon findings

within the previous literature and therefore shed light on the extent to which

previous, similarly ungeneralisable results can be applied to different VCS pro-

jects and contexts. Applying these findings to additional projects, particularly

with different domains and task types is an exciting and important area for

future work, particularly as VCS diversifies further and new initiatives arise.

A further limitation is in the volume of data available for analysis, particu-

larly in terms of EyeWire competitions in chapter 7. Specifically, the number

of days of chat, completion and scything data was relatively limited at just 90
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days, which inevitably restricted the number of competition days represented

within the dataset. It is possible, then, that the failure to reject the null hypo-

thesis was a result of the low sample sizes involved, rather than an indicator

that there was no statistically significant difference between the level of comple-

tion or scything in each sample. Even so, the Mann-Whitney U test is suitable

for use with very small samples and the use of Z-scores in particular is suitable

for any two samples where N>8. Since this requirement was met, I am confident

that the datasets were still suitable for testing the hypotheses described. Fur-

ther exploration of the impact of goals and competitions on additional tasks

is a timely area of study nonetheless, as in the months following the sampled

period, the EyeWire team have begun to introduce competitions specifically

for these activities. Moreover, given the findings suggested by Eveleigh et al.

(2013), there are outstanding questions regarding the effectiveness of social com-

petitions within non-gamified projects. What effect do these competitions have

on participant contribution levels and how do they interact with participants’

motivations?

9.4 Concluding Remarks

Any link between sociality and productivity is nuanced and highly depend-

ent on the individual volunteers and projects involved. Sociality within VCS

takes multiple, diverse forms and what works for – or is compatible with – any

one project may not function in other projects, or at a given time. Since the

launch of Galaxy Zoo, for example, the nature and usage of the project forum

has evolved sufficiently to encourage the development of Talk and greater integ-

ration within the project (Tinati et al., 2015b). Generalising findings from any

one project is therefore a difficult challenge and what is true today in – for ex-

ample – EyeWire may not be true in FoldIt next year. At the same time, there

are commonalities within projects – the adoption of online community features

such as discussion platforms, rewards, feedback and goals and the lack of social-

ity within tasks themselves. The purpose of these features is not necessarily the

same across projects – for example, Tinati et al. (2015b) describes the introduc-

tion of talk as designed as a question answering service, while the EyeWire team

use chat to break up monotonous tasks.

Overall, however, while tasks themselves are not social, online community

features allow participants to gain an understanding of their own performance
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relative to others, the progress of the project and in some cases, to work to-

gether to achieve specific goals. These features are intended – at least in the

case of EyeWire – to increase participant numbers and task completion, while

social interaction is an opportunity to provide freedom from repetitive task

workflows, to better engage participants and to facilitate task completion. Ulti-

mately while the addition of sociality – be that through social competitions or

discussion – to tasks is associated with increased engagement and activity from

some participants, such features only engage a small minority of participants.

Even so, the impact that these features have on productivity and the overall

efficiency of projects should not be underestimated. In a context where pro-

jects are highly dependent on just a few, highly active players, with potentially

temperamental motivations, any increase in productivity is valuable.

There are, in truth, somewhat social tasks within the sphere of VCS. More

recently, for example, data analysis initiatives have arisen that make use of

social tasks for the purposes of image classification, fitting the collaborative

tagging category described by Dunn and Hedges (2013). Specifically, in the

ESP game (Von Ahn and Dabbish, 2004), two players work together to label

images by attempting to guess the descriptor that the other player may be us-

ing. While this activity is not necessarily Citizen Science in and of itself, similar

paradigms have been put to use in the Citizen Science space - for example, in

Night Knights1, where players classify images from the International Space Sta-

tion according to one of six tags, earning points if their tags match those of

the paired player (see figure 33) (Celino et al., 2017). These tasks apply social

activities to tasks in a different way to many of the projects outlined in this

thesis. Due to the rules and requirements of the game, players are prevented

from communicating with one another in any way and the format is open and

prone to the replacement of one of the players in the pair with a bot (Robertson

et al., 2009). There is little difference between the core game activity, where

players contribute synchronously and the asynchronous, non-social VCS activ-

ities described within this thesis, other than the quality assurance process and

the immediacy of its application. Even so, this is an interesting direction for

applying sociality to projects in the future and may resolve some of the issues

raised by the EyeWire team regarding the difficulties associated with splitting

VCS tasks such that they can be completed by groups or teams of players.

Furthermore, while not of particular significance to the issue of productivity,

1https://www.nightknights.eu

https://www.nightknights.eu
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it is important to also consider that opportunities for sociality can have a posit-

ive transformative impact on the nature of VCS projects. Each of the projects

identified throughout this thesis has corresponded to the distributed intelligence

level of the framework described in chapter 2, with the exception of Galaxy Zoo

Quench. In all cases, this means that participants are active within project re-

search, making significant contributions in terms of producing research data in

the form of classifications and metadata and potentially exploring these data.

Yet without sociality – without opportunities for discussion or online community

features which offer a window into the work of other volunteers – participants

are able to exert little influence within the project and are arguably no more

part of the research process than the sensors and tools associated with citizen

sensing processes. This lack of agency has pronounced effects not only for parti-

cipants, but for projects and research as well, harming public dissemination and

the subsequent understanding and awareness of key scientific issues, resulting in

potential issues in areas such as funding (Couvet et al., 2008; Pandya, 2012).

VCS is also a rapidly evolving space, driven by new technologies and ad-

vances in what communities have achieved. Projects such as Galaxy Zoo Quench

are increasingly pushing the boundaries of what has been accomplished through

VCS, it is inevitable that new tasks, features and methods of interaction will

be introduced to projects. As suggested by Crowston et al. (2018), these meth-

ods will require greater coordination and communication within the community

and with project scientists. Even among current VCS projects, as tasks in Eye-

Wire have become more complex, participants and project team members have

turned to the chat system to collaborate, accompishing far more than could oth-

erwise be expected without interaction. The role that discussion and the chance

to observe other players can play in facilitating VCS must not be overlooked.

While this is particularly valuable in EyeWire and FoldIt, where tutorials are

lengthy and tasks are complex, it is equally true of simpler projects as projects

prioritise ‘real’ classifications with direct value to science over simulated or tu-

torial images, or those designed for quality assurance and collaboration (Darch,

2017; Mao et al., 2013a).

Eventually, the EyeWire team foresee a time when human-in-the-loop pro-

cesses are no longer required, as artificial intelligence takes over and algorithmic

processes become more efficient than human processes ever could be:

“There’s some ineffable, but real point in the future when, like, something
like citizen science wouldn’t be necessary, at least not for this level of
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Figure 33: The Night Knights Game With A Purpose interface, which bears similarity to the ESP Game.

data analysis.” (Participant 6 )

Yet until that day arrives, Virtual Citizen Science is crucial for enabling

large-scale analysis of data in a manner that would otherwise be prohibitively

slow, expensive or inaccurate – and it is by these benchmarks that it is assessed.

VCS has a number of additional benefits – introducing volunteers to science

and scientific principles, disseminating results and opening the scientific process.

But for virtual citizen science, at least, scientific goals are the driving force

behind the decision to use human-in-the-loop processes. Therefore, even for

those projects that unlike EyeWire are not generally accomplished by teams of

paid professionals, ensuring the efficiency of the project is and will continue to

be a significant focus for researchers and designers in the years to come:

“[The goals are] becoming faster at doing it and also kind of getting a
good chunk of that done with the game or the project... [In comparison
to] if you come out of it without having had any progress on your data
that was significant or if you had used just a bunch of undergraduates.”
(Participant 5 )
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Andrea Whittle and André Spicer. Is actor network theory critique? Organization
studies, 29(4):611–629, 2008.

Andrea Wiggins and Kevin Crowston. From conservation to crowdsourcing:
A typology of citizen science. In System Sciences (HICSS), 2011 44th Hawaii
international conference on, pages 1–10. IEEE, 2011.



296 9. References

Andrea Wiggins and Kevin Crowston. Goals and tasks: Two typologies of citizen
science projects. In System Science (HICSS), 2012 45th Hawaii International
Conference on, pages 3426–3435. IEEE, 2012.

Andrea Wiggins and Yurong He. Community-based data validation practices
in citizen science. In Proceedings of the 19th ACM Conference on Computer-
Supported Cooperative Work & Social Computing, pages 1548–1559. ACM, 2016.

Andrea Wiggins, Greg Newman, Robert D Stevenson, and Kevin Crowston.
Mechanisms for data quality and validation in citizen science. In e-Science
Workshops (eScienceW), 2011 IEEE Seventh International Conference on, pages
14–19. IEEE, 2011.

Kyle W Willett, Chris J Lintott, Steven P Bamford, Karen L Masters,
Brooke D Simmons, Kevin RV Casteels, Edward M Edmondson, Lucy F
Fortson, Sugata Kaviraj, William C Keel, et al. Galaxy Zoo 2: detailed mor-
phological classifications for 304 122 galaxies from the Sloan Digital Sky Survey.
Monthly Notices of the Royal Astronomical Society, 435(4):2835–2860, 2013.

Danuta M Wojnar and Kristen M Swanson. Phenomenology: an exploration.
Journal of holistic nursing, 25(3):172–180, 2007.

Chris Wood, Brian Sullivan, Marshall Iliff, Daniel Fink, and Steve Kelling. ebird:
engaging birders in science and conservation. PLoS Biol, 9(12):e1001220, 2011.

Jamie Woodcock, Anita Greenhill, Kate Holmes, Gary Graham, Joe Cox,
EY Oh, and Karen Masters. Crowdsourcing citizen science: Exploring the
tensions between paid professionals and users. Journal of Peer Production, 2017.

James Wynn. Citizen science in the digital age: rhetoric, science, and public
engagement. University of Alabama Press, 2017.

Weichao Xu, Yunhe Hou, YS Hung, and Yuexian Zou. A comparative analysis
of spearman’s rho and kendall’s tau in normal and contaminated normal models.
Signal Processing, 93(1):261–276, 2013.

Stephen C Yanchar and David D Williams. Reconsidering the compatibility
thesis and eclecticism: Five proposed guidelines for method use. Educational
researcher, 35(9):3–12, 2006.

Jun Yu, Weng-Keen Wong, Rebecca Hutchinson, et al. Modeling experts and
novices in citizen science data for species distribution modeling. In Data Mining
(ICDM), 2010 IEEE 10th International Conference on, pages 1157–1162. IEEE,
2010.

Jerrold H Zar. Biostatistical analysis. Biostatistical Analysis (4th Edition), 55:
75309, 1996.



Appendix: References 297

Haichao Zheng, Dahui Li, and Wenhua Hou. Task design, motivation, and
participation in crowdsourcing contests. International Journal of Electronic
Commerce, 15(4):57–88, 2011.

Xinxue Zhou, Jian Tang, Tianmei Wang, and Yanlin Ma. Investigating the im-
pacts of task characteristics in gamified citizen science. PACIS 2017 Proceedings,
2017.





Appendix A

Round One Literature Review

Results

A.1 Applications

These papers concerned only applications of VCS projects (e.g., for education)

Douglas Allchin. Using a free online
citizen-science project to teach observa-
tion & quantification of animal behavior.
The american biology Teacher, 72(9):
590–592, 2010.

Sarah K Anderson. Bringing School to
Life: Place-based Education Across the
Curriculum. Rowman & Littlefield, 2017.

Pauline Barmby, Jan Cami, and Sarah C
Gallagher. ” citizen science” projects for
non-science astronomy students. 2011.

Daniel F Barringer, Julia D Plummer,
Julia Kregenow, and Christopher Palma.
Gamified approach to teaching intro-
ductory astronomy online. Physical
Review Physics Education Research, 14
(1):10140, 2018.

Brigid Barron, Caitlin K Martin,
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Perelló. High motivation and relevant
scientic competencies through the intro-
duction of citizen science at secondary
schools: An assessment using a rubric
model. In Citizen Inquiry, pages 168–193.
Routledge, 2017.

Rick Bonney, Tina B Phillips, Heidi L
Ballard, and Jody W Enck. Can citizen
science enhance public understanding of
science? Public Understanding of Science,
25(1):2–16, 2016.

Rick Bonney, Tina B Phillips, Jody

Enck, Jennifer Shirk, and Nancy Traut-
mann. Citizen science and youth
education. National Research Council
Committee on Out-of-School Time STEM.
Washington, DC: National Research
Council, 2014.

KA Borden, A Kapadia, A Smith, and
L Whyte. Educational exploration of
the zooniverse: Tools for formal and
informal audience engagement. In
J Barnes, C Shupla, JG Manning, and
MG Gibbs, editors, Communicating Sci-
ence: A National Conference on Science
Education and Public Outreach, volume
473 of Astronomical Society of the Pacific
Conference Series, page 101. Astronom
Soc Pacific, 2013. ISBN 978-1-58381-
830-5. Conference on Communicating
Science - A National Conference on
Science Education and Public Outreach,
Tucson, AZ, AUG 04-08, 2012.

Georgia Bracey. Teaching with cit-
izen science: An exploratory study of
teachers’ motivations & perceptions.
2018.

Sanlyn Buxner, Martin Formanek,
Chris David Impey, and Matthew
Wenger. An analysis of learners in
introductory astronomy massive open
online courses. In American Astronom-
ical Society Meeting Abstracts# 228,
volume 228, 2016.

C. Cooper and A. Balakrishna. Citizen
Science Perspectives on E-Participation
in Urban Planning. 2013.

Caren Beth Cooper, Kerrie Anne Ther-
ese Loyd, Tessa Murante, Matthew
Savoca, and Janis Dickinson. Natural
history traits associated with detecting
mortality within residential bird com-
munities: can citizen science provide
insights? Environmental management, 50
(1):11–20, 2012.

Kathy Costello, Ellen Reilly, Georgia

Bracey, and Pamela Gay. Hanny and
the mystery of the voorwerp: Citizen
science in the classroom. In JB Jensen,
JG Manning, MG Gibbs, and D Daon,
editors, CONNECTING PEOPLE TO
SCIENCE: A NATIONAL CONFER-
ENCE ON SCIENCE EDUCATION
AND PUBLIC OUTREACH, volume 457
of Astronomical Society of the Pacific
Conference Series, pages 23–26. Space
Telescope Sci Inst; NASA Lunar Sci
Inst; NASAs Explorat Program; Infrared
Process & Anal Ctr; NASAs Herschel
Sci Ctr; Spitzer Sci Ctr; Stratospher Ob-
serv Infrared Astron; NASAs Chandra
XRay Observ; Univ Chicago Press; Natl
Radio Astron Observ; Ball Aerospace;
Capitol Coll; Sky Skan; Univ Wyom-
ing CAPER Team; Amer Astron Soc;
AAS Educ Off; Solar Dynam Observ;
Seiler Instrument; Explore Sci; Pratt St
Ale House; MWT Assoc Inc; Amer Ele-
ments; Charlesbridge; Celestron, 2012.
ISBN 978-1-58381-796-4. 123rd Annual
Meeting of the Astronomical-Society-
of-the-Pacific, Amer Geophys Union,
Baltimore, MD, JUL 30-AUG 03, 2011.

A.L. Cushing. Using citizen science
projects to develop cases for teaching
digital curation. Lecture Notes in Com-
puter Science (including subseries Lecture
Notes in Artificial Intelligence and Lec-
ture Notes in Bioinformatics), 10766
LNCS:615–619, 2018.

P.D. da Silva and L. Heaton. Fostering
digital and scientific literacy: Learning
through practice. First Monday, 22(6),
2017.

D. Dailey and K. Starbird. ”it’s raining
dispersants”: Collective sensemaking of
complex information in crisis contexts.
volume 2015-January, pages 155–158,
2015.

Justin Dillon. Out-of-school science.
Encyclopedia of Science Education, pages

299

https://www.scopus.com/inward/record.uri?eid=2-s2.0-85044416098&doi=10.1007%2f978-3-319-78105-1_69&partnerID=40&md5=1469c467c1e6a49fde33d0164ad007f5
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85044416098&doi=10.1007%2f978-3-319-78105-1_69&partnerID=40&md5=1469c467c1e6a49fde33d0164ad007f5
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85044416098&doi=10.1007%2f978-3-319-78105-1_69&partnerID=40&md5=1469c467c1e6a49fde33d0164ad007f5
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85020113525&doi=10.5210%2ffm.v22i6.7284&partnerID=40&md5=ba42d772f19dc2568f7816b3225f3261
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85020113525&doi=10.5210%2ffm.v22i6.7284&partnerID=40&md5=ba42d772f19dc2568f7816b3225f3261
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85020113525&doi=10.5210%2ffm.v22i6.7284&partnerID=40&md5=ba42d772f19dc2568f7816b3225f3261
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84939211945&doi=10.1145%2f2685553.2698995&partnerID=40&md5=8f4101eb26c16e88d679cdd7f4e8af26
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84939211945&doi=10.1145%2f2685553.2698995&partnerID=40&md5=8f4101eb26c16e88d679cdd7f4e8af26
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84939211945&doi=10.1145%2f2685553.2698995&partnerID=40&md5=8f4101eb26c16e88d679cdd7f4e8af26


300 Appendix: Round One Literature Review Results

727–728, 2015.

Ria Ann Dunkley. The role of citizen
science in environmental education: A
critical exploration of the environmental
citizen science experience. In Analyzing
the Role of Citizen Science in Modern
Research, pages 213–230. IGI Global,
2017.

Lauren M Gardiner and Steven P Bach-
man. The role of citizen science in a
global assessment of extinction risk in
palms (arecaceae). Botanical journal
of the Linnean Society, 182(2):543–550,
2016.

Pamela L Gay et al. Moving people
from science adjacent to science doers
with twitch. tv. In AAS/Division for
Planetary Sciences Meeting Abstracts,
volume 49, 2017.

M.J. Gaydos and K.D. Squire. Role
playing games for scientific citizenship.
Cultural Studies of Science Education, 7
(4):821–844, 2012.

MG Gibbs, S Buxner, P Gay,
DA Crown, G Bracey, N Gugliucci,
K Costello, and E Reilly. Collaboration
in teacher workshops and citizen science.
In AGU Fall Meeting Abstracts, 2013.

N Gugliucci, P Gay, G Bracey, K Cos-
tello, C Lehan, J Moore, and E Reilly.
Citizen science and planetary science
education through cosmoquest. In AGU
Fall Meeting Abstracts, 2012.

ME Haklay. Beyond quantification: A
role for citizen science and community
science in a smart city. Data and City
Workshop, 2015.

Hashima Hasan, Denise Smith, and
Mangala Sharma. Nasa’s astrophysics
education and public outreach: Selec-
ted highlights. In J Barnes, C Shupla,
JG Manning, and MG Gibbs, editors,
COMMUNICATING SCIENCE: A NA-
TIONAL CONFERENCE ON SCIENCE
EDUCATION AND PUBLIC OUT-
REACH, volume 473 of Astronomical
Society of the Pacific Conference Series,
pages 145+. Astronom Soc Pacific, 2013.
ISBN 978-1-58381-830-5. Conference
on Communicating Science - A National
Conference on Science Education and
Public Outreach, Tucson, AZ, AUG
04-08, 2012.

S Henderson, D Ward, L Wasser, K Mey-
maris, and SJ Newman. Neon’s citizen
science academy: Exploring online
professional development courses for
educators to enhance participation. In
AGU Fall Meeting Abstracts, 2012.

Christothea Herodotou. Citizen sci-
ence and informal learning: A brief
commentary. 2018.

Christothea Herodotou, Maria Ar-
isteidou, Mike Sharples, and Eileen
Scanlon. Designing citizen science tools
for learning: lessons learnt from the it-
erative development of nquire. Research
and Practice in Technology Enhanced
Learning, 13(1):4, 2018.

Suzanne E Hiller and Anastasia
Kitsantas. Fostering student metacog-
nition and motivation in stem through
citizen science programs. In Metacog-
nition: Fundaments, Applications, and
Trends, pages 193–221. Springer, 2015.

Z. Hossain, X. Jin, E.W. Bumbacher,
A.M. Chung, S. Koo, J.D. Shapiro,
C.Y. Truong, S. Choi, N.D. Orloff,
P. Blikstein, and I.H. Riedel-Kruse.
Interactive cloud experimentation for
biology: An online education case study.
In CHI 2015: PROCEEDINGS OF THE
33RD ANNUAL CHI CONFERENCE ON
HUMAN FACTORS IN COMPUTING

SYSTEMS, volume 2015-April, pages
3681–3690. Assoc Comp Machinery;
Assoc Comp Machinery Special Interest
Grp Comp Human Interact, 2015. ISBN
978-1-4503-3145-6. 33rd Annual CHI
Conference on Human Factors in Com-
puting Systems (CHI), Seoul, SOUTH
KOREA, APR 18-23, 2015.

Zahid Hossain and Ingmar H Riedel-
Kruse. Life-science experiments online:
Technological frameworks and edu-
cational use cases. Cyber-Physical
Laboratories in Engineering and Science
Education, pages 271–304, 2018.

Rebecca C Jordan, Heidi L Ballard, and
Tina B Phillips. Key issues and new
approaches for evaluating citizen-science
learning outcomes. Frontiers in Ecology
and the Environment, 10(6):307–309,
2012.

B. Kar. Citizen science in risk commu-
nication in the era of ict. Concurrency
Computation, 28(7):2005–2013, 2016.

R. Kermish-Allen, K. Peterman, and
C. Bevc. The utility of citizen science
projects in k-5 schools: measures of com-
munity engagement and student impacts.
Cultural Studies of Science Education,
pages 1–15, 2018.

J.J. Kerski. Opportunities and chal-
lenges in using geospatial technologies for
education. 2015.

Sheri L KLUG, Michelle VIOTTI, Paige
GRAFF, Wendy L TAYLOR, Cassie
BOWMAN, Laurie ROGERS, and Meg
HUFFORD. Participatory explora-
tion: Growing the next generation into
science literate citizens through particip-
atory opportunities in mars exploration.
In 2010 GSA Denver Annual Meeting,
2010.

S. Kocaman, B. Anbaroglu, C. Gokceo-
glu, and O. Altan. A review on citizen
science (citsci) applications for disaster
management. volume 42, pages 301–306,
2018.

Donna M Kridelbaugh. The use of on-
line citizen-science projects to provide
experiential learning opportunities for
nonmajor science students. Journal of
microbiology & biology education, 17(1):
105, 2016.

Erica R Krimmel, Debra L Linton,
Travis D Marsico, Anna K Monfils,
Ashley B Morris, and Brad R Ruhfel.
Collectionseducation. org: Connecting
students to citizen science and curated
collections. 2017.

Brandon Lawton, Bonnie Eisenhamer,
Barbara J. Mattson, and M. Jordan
Raddick. Bringing the virtual astro-
nomical observatory to the education
community. In JB Jensen, JG Manning,
MG Gibbs, and D Daon, editors, CON-
NECTING PEOPLE TO SCIENCE: A
NATIONAL CONFERENCE ON SCI-
ENCE EDUCATION AND PUBLIC
OUTREACH, volume 457 of Astronom-
ical Society of the Pacific Conference
Series, pages 283+. Space Telescope
Sci Inst; NASA Lunar Sci Inst; NASAs
Explorat Program; Infrared Process
& Anal Ctr; NASAs Herschel Sci Ctr;
Spitzer Sci Ctr; Stratospher Observ
Infrared Astron; NASAs Chandra XRay
Observ; Univ Chicago Press; Natl Radio
Astron Observ; Ball Aerospace; Cap-
itol Coll; Sky Skan; Univ Wyoming
CAPER Team; Amer Astron Soc; AAS
Educ Off; Solar Dynam Observ; Seiler
Instrument; Explore Sci; Pratt St Ale
House; MWT Assoc Inc; Amer Ele-
ments; Charlesbridge; Celestron, 2012.
ISBN 978-1-58381-796-4. 123rd Annual
Meeting of the Astronomical-Society-
of-the-Pacific, Amer Geophys Union,

Baltimore, MD, JUL 30-AUG 03, 2011.

A. Longo and M. Zappatore. A
microservice-based mool in acoustics
addressing the learning-at-scale scenario.
In S Reisman, SI Ahamed, C Demartini,
T Conte, L Liu, W Claycomb, M Na-
kamura, E Tovar, S Cimato, CH Lung,
H Takakura, JJ Yang, T Akiyama,
Z Zhang, and K Hasan, editors, 2017
IEEE 41ST ANNUAL COMPUTER
SOFTWARE AND APPLICATIONS
CONFERENCE (COMPSAC), VOL 1,
volume 1 of Proceedings International
Computer Software and Applications
Conference, pages 391–400. IEEE; IEEE
Comp Soc, 2017. ISBN 978-1-5386-
0367-3. 41st IEEE Annual Computer
Software and Applications Conference
(COMPSAC), Torino, ITALY, JUL
04-08, 2017.

Amy Lorenz. The influence of a citizen
science project: Student attitudes, sense
of place, and understanding of science
practices. 2016.

E. Lostal Lanza, F. Serrano Sanz, J. A.
Carrodeguas Villar, P. Martinez Alonso,
F. Sanz Garcia, and C. Val Gascon.
Cell images analysis as a case of citizen
science for advanced education: Labor-
atory and school, back and forth. In
LG Chova, AL Martinez, and IC Torres,
editors, 7TH INTERNATIONAL TECH-
NOLOGY, EDUCATION AND DEVEL-
OPMENT CONFERENCE (INTED2013),
INTED Proceedings, pages 2489–2496,
2013. ISBN 978-84-616-2661-8. 7th
International Technology, Education
and Development Conference (INTED),
Valencia, SPAIN, MAR 04-06, 2013.

Maria Luisa de Lazaro, Rafael
De Miguel, and Maria Jesus Gonza-
lez. The real sociedad geografica, a
european digital-earth excellence centre:
A network for informal learning pro-
cesses. In LG Chova, AL Martinez, and
IC Torres, editors, ICERI2014: 7TH
INTERNATIONAL CONFERENCE OF
EDUCATION, RESEARCH AND IN-
NOVATION, ICERI Proceedings, pages
107–116, 2014. ISBN 978-84-617-2484-0.
7th International Conference of Educa-
tion, Research and Innovation (ICERI),
Seville, SPAIN, NOV 17-19, 2014.

Caitlin K Martin and Brigid Barron.
Navigating online learning environments
in the classroom. volume 2, pages
307–308. International Society of the
Learning Sciences, 2013.

Caitlin K Martin, Denise Nacu, and
Nichole Pinkard. An approach to using
log data to understand and support
21st century learning activity in k-12
blended learning environments. Journal
of Learning Analytics, 3(2):37–87, 2016a.

Caitlin K Martin, Denise Nacu, and
Nichole Pinkard. Revealing oppor-
tunities for 21st century learning: An
approach to interpreting user trace log
data. Journal of Learning Analytics, 3(2):
37–87, 2016b.

C.K. Martin, B. Barron, and V. Mertl.
Design methods to study learning across
networked systems, co-located spaces,
and time. volume 2, pages 309–310,
2013.

K. Masters, E.Y. Oh, J. Cox, B. Sim-
mons, C. Lintott, G. Graham, A. Green-
hill, and K. Holmes. Science learning via
participation in online citizen science.
Journal of Science Communication, 15(3),
2016. ISSN 1824-2049.

Sabrina McCormick. After the cap: Risk
assessment, citizen science and disaster
recovery. Ecology and Society, 17(4),
2012. ISSN 17083087.

https://www.scopus.com/inward/record.uri?eid=2-s2.0-84870843122&doi=10.1007%2fs11422-012-9414-2&partnerID=40&md5=4204e775b19d07f626671c707a744c52
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84870843122&doi=10.1007%2fs11422-012-9414-2&partnerID=40&md5=4204e775b19d07f626671c707a744c52
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84951012037&doi=10.1145%2f2702123.2702354&partnerID=40&md5=c7a43a71cdcb453ad5fd98955c9c2807
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84951012037&doi=10.1145%2f2702123.2702354&partnerID=40&md5=c7a43a71cdcb453ad5fd98955c9c2807
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84946782324&doi=10.1002%2fcpe.3705&partnerID=40&md5=50500e61ad30f0c81c77c08699f02bac
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84946782324&doi=10.1002%2fcpe.3705&partnerID=40&md5=50500e61ad30f0c81c77c08699f02bac
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85048832207&doi=10.1007%2fs11422-017-9830-4&partnerID=40&md5=8e41ef385a0c0d8e8543003dd34b26de
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85048832207&doi=10.1007%2fs11422-017-9830-4&partnerID=40&md5=8e41ef385a0c0d8e8543003dd34b26de
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85048832207&doi=10.1007%2fs11422-017-9830-4&partnerID=40&md5=8e41ef385a0c0d8e8543003dd34b26de
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85044507509&doi=10.5194%2fisprs-archives-XLII-3-W4-301-2018&partnerID=40&md5=051937d53c5489e395a596ab1d9bfa40
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85044507509&doi=10.5194%2fisprs-archives-XLII-3-W4-301-2018&partnerID=40&md5=051937d53c5489e395a596ab1d9bfa40
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85044507509&doi=10.5194%2fisprs-archives-XLII-3-W4-301-2018&partnerID=40&md5=051937d53c5489e395a596ab1d9bfa40
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85031939711&doi=10.1109%2fCOMPSAC.2017.23&partnerID=40&md5=3f708f27a1a8399b769f492880867fea
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85031939711&doi=10.1109%2fCOMPSAC.2017.23&partnerID=40&md5=3f708f27a1a8399b769f492880867fea
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85031939711&doi=10.1109%2fCOMPSAC.2017.23&partnerID=40&md5=3f708f27a1a8399b769f492880867fea
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84886496887&partnerID=40&md5=e3841a926757b16303c95d18845c046c
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84886496887&partnerID=40&md5=e3841a926757b16303c95d18845c046c
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84886575528&partnerID=40&md5=5072d1eaaa99b897354af1daf3155f51
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84886575528&partnerID=40&md5=5072d1eaaa99b897354af1daf3155f51
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84886575528&partnerID=40&md5=5072d1eaaa99b897354af1daf3155f51
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84964579434&partnerID=40&md5=87642aeb445fd58f4ce68d12f8060d10
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84964579434&partnerID=40&md5=87642aeb445fd58f4ce68d12f8060d10
http://www.jstor.org/stable/26269217
http://www.jstor.org/stable/26269217
http://www.jstor.org/stable/26269217


Appendix: Round One Literature Review Results 301

K. Michalak. Online localization of zo-
oniverse citizen science projects - on the
use of translation platforms as tools for
translator education. Teaching English
with Technology, 15(3):61–70, 2015.

N. Mitchell, M. Triska, A. Liberatore,
L. Ashcroft, R. Weatherill, and N. Long-
necker. Benefits and challenges of
incorporating citizen science into univer-
sity education. PLoS ONE, 12(11), nov 1
2017. ISSN 1932-6203.

György Molnár and Zoltán Szűts.
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Sabaté. Globalized conflicts, globalized
responses. changing manners of contesta-
tion among indigenous communities. In
Hunter-gatherers in a Changing World,
pages 233–250. Springer, 2017.

E. Bertin, R. Pillay, and C. Marmo.
Web-based visualization of very large
scientific astronomy imagery. Astronomy
and Computing, 10:43–53, 2015.

A. Bevan, X. Li, M. MartinÃn Torres,
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Calum Sharp et al. Human response to
environmental noise and vibration from
freight and passenger railway traffic. PhD
thesis, University of Salford, 2014.

Vidya Bhushan Singh. User modeling
and optimization for environmental plan-
ning system design. PhD thesis, 2014.

A.M. Smith, S. Lynn, and C.J. Lin-
tott. An introduction to the zooniverse.
volume WS-13-18, page 103, 2013.

James C Sprinks. Designing task work-
flows to ensure the best scientific out-
comes in citizen science. PhD thesis,
University of Nottingham, 2017.

Jonathan Steinke. Citizen science
with resource-poor farmers as a new
approach to climate adaption and food
security: Evidence from honduras. Mas-
ter’s thesis, Humboldt-Universität zu

Berlin, Lebenswissenschaftliche Fakultät,
2015.

Kristine F Stepenuck. Improving un-
derstanding of outcomes and credibility
of volunteer environmental monitoring
programs. PhD thesis, UNIVERSITY OF
WISCONSIN-MADISON, 1913.

Quasar Surprise. Student as Scientist:
Measuring Outcomes of Contributory and
Collaborative Citizen Science. PhD thesis,
Evergreen State College, 2017.

Sean R Tracy. Inclusion of Environ-
mental Education into Public School
Curricula. PhD thesis, George Mason
University, 2017.

SC van der Kraan. Amsterdamse monu-
menten. de verhouding tussen historicus
en leek in een digitale participatory
historical culture. Master’s thesis, 2016.

W.-P. Vellinga and R. PlanquÃ. The
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des participants dans les sciences parti-
cipatives sur internet: une exploration
de foldit. TEM, pages 3–5, 2015.

C Van Swaay, E Regan, M Ling,
E Bozhinovska, M Fernandez,
OJ Marini-Filho, B Huertas, and
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and W. WÃgele. How to tackle the
molecular species inventory for an in-
dustrialized nation-lessons from the
first phase of the german barcode of life
initiative gbol (2012-2015). Genome,
59(9):661–670, September 2016. ISSN
0831-2796.

Rose A Graves, Scott M Pearson, and
Monica G Turner. –bird community
dynamics change the seasonal distribu-
tion of a cultural ecosystem service in
a montane landscape. SPATIAL DY-
NAMICS OF BIODIVERSITY-BASED
ECOSYSTEM SERVICES IN THE
SOUTHERN APPALACHIAN MOUN-
TAINS, 1001:163.

Rose A Graves, Scott M Pearson, and
Monica G Turner. Effects of bird com-
munity dynamics on the seasonal dis-
tribution of cultural ecosystem services.
Ambio, pages 1–13, 2018.

Stuart Grayson. Counting weddell seals
project report. 2017.

CJ Hansen, G Portyankina, KM Aye,
ME Schwamb, C Lintott, and A Smith.
Mars’ seasonal fans measured by citizen
scientists. In European Planetary Science
Congress, volume 8, 2013.

M.D. Hellwig. Automatic time-series
quantification of bluff erosion using a
single consumer grade camera as basis
for erosion risk assessment and fore-
casts – a boston harbor islands case
study. Journal of Coastal Conservation,
20(6):469–476, December 2016. ISSN
1400-0350.

Robbert Hoeboer. Multi-scale ap-
proaches to identify topographic fea-
tures favourable as breeding sites by
malaria vectors. 2016.

Elizabeth Howard, Harlen Aschen,

https://www.scopus.com/inward/record.uri?eid=2-s2.0-84873572276&doi=10.1109%2fOCEANS.2012.6404783&partnerID=40&md5=9749820d6fc9782e8746ebbd36998af6
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84873572276&doi=10.1109%2fOCEANS.2012.6404783&partnerID=40&md5=9749820d6fc9782e8746ebbd36998af6
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84873572276&doi=10.1109%2fOCEANS.2012.6404783&partnerID=40&md5=9749820d6fc9782e8746ebbd36998af6
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85040329305&doi=10.3897%2fjhr.61.20255&partnerID=40&md5=06d5280063719169f0eea81c6d387988
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85040329305&doi=10.3897%2fjhr.61.20255&partnerID=40&md5=06d5280063719169f0eea81c6d387988
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85040329305&doi=10.3897%2fjhr.61.20255&partnerID=40&md5=06d5280063719169f0eea81c6d387988
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85040329305&doi=10.3897%2fjhr.61.20255&partnerID=40&md5=06d5280063719169f0eea81c6d387988
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85040329305&doi=10.3897%2fjhr.61.20255&partnerID=40&md5=06d5280063719169f0eea81c6d387988
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84920964235&doi=10.1002%2f2014SW001119&partnerID=40&md5=a926b416e7bfe71244a20270bc132c56
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84920964235&doi=10.1002%2f2014SW001119&partnerID=40&md5=a926b416e7bfe71244a20270bc132c56
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84920964235&doi=10.1002%2f2014SW001119&partnerID=40&md5=a926b416e7bfe71244a20270bc132c56
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84961216088&doi=10.1080%2f19338244.2015.1089828&partnerID=40&md5=29d3e9d318cea5fdd629ff5c75518bfe
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84961216088&doi=10.1080%2f19338244.2015.1089828&partnerID=40&md5=29d3e9d318cea5fdd629ff5c75518bfe
http://www.jstor.org/stable/20628126
http://www.jstor.org/stable/20628126
http://www.jstor.org/stable/20628126
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85028576453&doi=10.3897%2fnatureconservation.20.12704&partnerID=40&md5=43d41dd13f7789fe86b9c46a0cc6ec4a
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85028576453&doi=10.3897%2fnatureconservation.20.12704&partnerID=40&md5=43d41dd13f7789fe86b9c46a0cc6ec4a
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85028576453&doi=10.3897%2fnatureconservation.20.12704&partnerID=40&md5=43d41dd13f7789fe86b9c46a0cc6ec4a
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84992036716&doi=10.1080%2f13614576.2016.1234842&partnerID=40&md5=ac453647f70741e8dda2d75f9c6fa81c
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84992036716&doi=10.1080%2f13614576.2016.1234842&partnerID=40&md5=ac453647f70741e8dda2d75f9c6fa81c
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84992036716&doi=10.1080%2f13614576.2016.1234842&partnerID=40&md5=ac453647f70741e8dda2d75f9c6fa81c
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84992036716&doi=10.1080%2f13614576.2016.1234842&partnerID=40&md5=ac453647f70741e8dda2d75f9c6fa81c
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84987957282&doi=10.1016%2fj.ecss.2016.08.050&partnerID=40&md5=a2a46d43a13064815707a943c21d4b4c
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84987957282&doi=10.1016%2fj.ecss.2016.08.050&partnerID=40&md5=a2a46d43a13064815707a943c21d4b4c
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84987957282&doi=10.1016%2fj.ecss.2016.08.050&partnerID=40&md5=a2a46d43a13064815707a943c21d4b4c
https://www.scopus.com/inward/record.uri?eid=2-s2.0-80052659782&doi=10.1016%2fj.landurbplan.2011.05.008&partnerID=40&md5=41f119b7049c0b7a0a7ea3faf7a4d042
https://www.scopus.com/inward/record.uri?eid=2-s2.0-80052659782&doi=10.1016%2fj.landurbplan.2011.05.008&partnerID=40&md5=41f119b7049c0b7a0a7ea3faf7a4d042
https://www.scopus.com/inward/record.uri?eid=2-s2.0-80052659782&doi=10.1016%2fj.landurbplan.2011.05.008&partnerID=40&md5=41f119b7049c0b7a0a7ea3faf7a4d042
https://www.scopus.com/inward/record.uri?eid=2-s2.0-80052659782&doi=10.1016%2fj.landurbplan.2011.05.008&partnerID=40&md5=41f119b7049c0b7a0a7ea3faf7a4d042
https://www.scopus.com/inward/record.uri?eid=2-s2.0-80052659782&doi=10.1016%2fj.landurbplan.2011.05.008&partnerID=40&md5=41f119b7049c0b7a0a7ea3faf7a4d042
https://www.scopus.com/inward/record.uri?eid=2-s2.0-80052659782&doi=10.1016%2fj.landurbplan.2011.05.008&partnerID=40&md5=41f119b7049c0b7a0a7ea3faf7a4d042
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84857410700&doi=10.1016%2fj.proenv.2011.07.010&partnerID=40&md5=9185e04598aac64bd7c2d34cb4424916
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84857410700&doi=10.1016%2fj.proenv.2011.07.010&partnerID=40&md5=9185e04598aac64bd7c2d34cb4424916
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84857410700&doi=10.1016%2fj.proenv.2011.07.010&partnerID=40&md5=9185e04598aac64bd7c2d34cb4424916
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84857410700&doi=10.1016%2fj.proenv.2011.07.010&partnerID=40&md5=9185e04598aac64bd7c2d34cb4424916
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84986550849&doi=10.1139%2fgen-2015-0185&partnerID=40&md5=d58d60fe6c1d2efed592b4ffc3f9c1be
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84986550849&doi=10.1139%2fgen-2015-0185&partnerID=40&md5=d58d60fe6c1d2efed592b4ffc3f9c1be
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84986550849&doi=10.1139%2fgen-2015-0185&partnerID=40&md5=d58d60fe6c1d2efed592b4ffc3f9c1be
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84986550849&doi=10.1139%2fgen-2015-0185&partnerID=40&md5=d58d60fe6c1d2efed592b4ffc3f9c1be
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84986550849&doi=10.1139%2fgen-2015-0185&partnerID=40&md5=d58d60fe6c1d2efed592b4ffc3f9c1be
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84990817868&doi=10.1007%2fs11852-016-0460-x&partnerID=40&md5=55e2be4456f0adaa232fb63f778e89d2
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84990817868&doi=10.1007%2fs11852-016-0460-x&partnerID=40&md5=55e2be4456f0adaa232fb63f778e89d2
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84990817868&doi=10.1007%2fs11852-016-0460-x&partnerID=40&md5=55e2be4456f0adaa232fb63f778e89d2
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84990817868&doi=10.1007%2fs11852-016-0460-x&partnerID=40&md5=55e2be4456f0adaa232fb63f778e89d2
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84990817868&doi=10.1007%2fs11852-016-0460-x&partnerID=40&md5=55e2be4456f0adaa232fb63f778e89d2
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84990817868&doi=10.1007%2fs11852-016-0460-x&partnerID=40&md5=55e2be4456f0adaa232fb63f778e89d2


Appendix: Round One Literature Review Results 315

and Andrew K Davis. Citizen science
observations of monarch butterfly over-
wintering in the southern united states.
Psyche: A Journal of Entomology, 2010,
2010.

Elizabeth Howard and Andrew K Davis.
The fall migration flyways of monarch
butterflies in eastern north america
revealed by citizen scientists. Journal of
Insect Conservation, 13(3):279–286, 2009.

Elizabeth Howard and Andrew K. Davis.
Tracking the Fall Migration of Eastern
Monarchs with Journey North Roost
Sightings: New Findings about the Pace
of Fall Migration, pages 207–214. Cornell
University Press, 1 edition, 2015. ISBN
9780801453151.

Henry H. Hsieh, Larry Denneau,
Richard J. Wainscoat, Norbert Schoerg-
hofer, Bryce Bolin, Alan Fitzsimmons,
Robert Jedicke, Jan Kleyna, Marco
Micheli, Peter Veres, Nicholas Kaiser,
Kenneth C. Chambers, William S. Bur-
gett, Heather Flewelling, Klaus W.
Hodapp, Eugene A. Magnier, Jeffrey S.
Morgan, Paul A. Price, John L. Tonry,
and Christopher Waters. The main-belt
comets: The pan-starrs1 perspective.
ICARUS, 248:289–312, mar 1 2015.
ISSN 0019-1035.

Allen H Hurlbert and Zhongfei Liang.
Spatiotemporal variation in avian migra-
tion phenology: citizen science reveals
effects of climate change. PLoS One, 7
(2):e31662, 2012.

Tenley Hutchinson-Smith and Brooke
Simmons. Bar evolution and bar prop-
erties from disc galaxies in the early
universe. In American Astronomical
Society Meeting Abstracts, volume 229,
2017.

Christopher Izzo, Zoë A Doubleday,
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Disk detective: Discovery of new circum-
stellar disk candidates through citizen
science. Astrophysical Journal, 830(2),
oct 20 2016. ISSN 0004-637X.

D. Kwak, A. Kam, D. Becerra,
Q. Zhou, A. Hops, E. Zarour, A. Kam,
L. Sarmenta, M. Blanchette, and
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Egger, Anna Ripoll, et al. Collective
awareness platform for tropospheric
ozone pollution.

Jules Morgan. Gaming for dementia
research: a quest to save the brain. The
Lancet Neurology, 15(13):1313, 2016.

J. Mueller, S. Doerfel, M. Becker,
A. Hotho, and G. Stumme. Tag re-
commendations for sensorfolksonomies.
volume 1066, 2013.

P.L. Nimis, A. Moro, F. Attorre, S. Mar-
tellos, and E. Chiancone. A digital
flora of rome. Plant Biosystems, 150(3):
384–387, 2016. ISSN 1126-3504.

P.L. Nimis, R. Riccamboni, and S. Mar-
tellos. Identification keys on mobile
devices: The dryades experience. Plant
Biosystems, 146(4):783–788, 2012. ISSN
1126-3504.

Jill Nugent. Be a bat detective! Science
Scope, 41(2):12, 2017.

Melissa Nursey-Bray, Robert Palmer,
and Gretta Pecl. Spot, log, map: As-
sessing a marine virtual citizen science
program against reed’s best practice
for stakeholder participation in environ-
mental management. Ocean & Coastal
Management, 151:1–9, jan 1 2018. ISSN
0964-5691.

C. Pennington, K. Freeborough,
C. Dashwood, T. Dijkstra, and
K. Lawrie. The national landslide
database of great britain: Acquisition,
communication and the role of social
media. Geomorphology, 249(SI):44–51,
nov 15 2015. ISSN 0169-555X.

L. Peruzzi, S. Bagella, R. Filigheddu,
B. Pierini, M. Sini, F. Roma-Marzio,
K.F. Caparelli, G. Bonari, G. Gestri,

D. Dolci, A. Consagra, P. Sassu, M.C.
Caria, G. Rivieccio, M. Marrosu,
M. D’Antraccoli, G. Pacifico, V. Piu,
and G. Bedini. The wikiplantbase pro-
ject: the role of amateur botanists in
building up large online floristic data-
bases. Flora Mediterranea, 27:117–129,
2017.

Richard G Pinet. Naturewatch 2.0:
Reconnecting canadians with nature in
a digital age. In EdMedia: World Con-
ference on Educational Media and Tech-
nology, pages 1603–1603. Association
for the Advancement of Computing in
Education (AACE), 2016.

J. Powell, G. Nash, and P. Bell. Geoex-
posures: Documenting temporary geolo-
gical exposures in great britain through
a citizen-science web site. Proceedings
of the Geologists’ Association, 124(4):
638–647, June 2013. ISSN 0016-7878.

S.J. Price and M.E. Dorcas. The car-
olina herp atlas: An online, citizen-
science approach to document amphi-
bian and reptile occurrences. Herpet-
ological Conservation and Biology, 6(2):
287–296, August 2011. ISSN 1931-7603.

Kathleen L Prudic, Kent P McFarland,
Jeffrey C Oliver, Rebecca A Hutchinson,
Elizabeth C Long, Jeremy T Kerr, and
Maxim Larrivée. ebutterfly: leveraging
massive online citizen science for butter-
fly conservation. Insects, 8(2):53, June
2017. ISSN 2075-4450.

V. Ranner. Uisilk - towards interfacing
the body. pages 13–17, 2013.

Henry W REGES, Nolan J DOESKEN,
Noah NEWMAN, Zach SCHWALBE,
and Julian TURNER. Cocorahs (the
community collaborative rain, hail and
snow network); on-line citizen science
engaging the public in precipitation
monitoring. Abstracts with Programs–
Geological Society of America, Denver,
2010, 2010.

D. Riemann, R. Glaser, M. Kahle, and
S. Vogt. The cre tambora.org – new
data and tools for collaborative research
in climate and environmental history.
Geoscience Data Journal, 2(2):63–77,
November 2015. ISSN 2049-6060.

David Robinson, Michael Dodd, and
Janice Ansine. Exploring citizen science
and inquiry learning through ispot-
nature. org. In Citizen Inquiry, pages
101–121. Routledge, 2017a.

Kelly L Robinson, Jessica Y Luo,
Su Sponaugle, Cedric Guigand, and
Robert K Cowen. A tale of two crowds:
Public engagement in plankton classific-
ation. Frontiers in Marine Science, 4:82,
2017b.

M. Roderick and J. Gross. The amphi-
biaweb app and use of mobile devices
in research and outreach. Herpetology
Notes, 7(0):109–113, 2014.

Rachel J. Ross. Las cumbres observatory
global telescope network: Keeping cit-
izen scientists in the dark. In JB Jensen,
JG Manning, MG Gibbs, and D Daon,
editors, CONNECTING PEOPLE TO
SCIENCE: A NATIONAL CONFER-
ENCE ON SCIENCE EDUCATION AND
PUBLIC OUTREACH, volume 457 of
Astronomical Society of the Pacific Con-
ference Series, pages 339–342. Space
Telescope Sci Inst; NASA Lunar Sci
Inst; NASAs Explorat Program; Infrared
Process & Anal Ctr; NASAs Herschel
Sci Ctr; Spitzer Sci Ctr; Stratospher Ob-
serv Infrared Astron; NASAs Chandra
XRay Observ; Univ Chicago Press; Natl
Radio Astron Observ; Ball Aerospace;
Capitol Coll; Sky Skan; Univ Wyom-
ing CAPER Team; Amer Astron Soc;

AAS Educ Off; Solar Dynam Observ;
Seiler Instrument; Explore Sci; Pratt St
Ale House; MWT Assoc Inc; Amer Ele-
ments; Charlesbridge; Celestron, 2012.
ISBN 978-1-58381-796-4. 123rd Annual
Meeting of the Astronomical-Society-
of-the-Pacific, Amer Geophys Union,
Baltimore, MD, JUL 30-AUG 03, 2011.

Robert M ROSS. Fossil finders: Inver-
tebrate paleontological research carried
out in partnership with 5th to 9th grade
teachers and their students. In 2010
GSA Denver Annual Meeting, 2010.

Dana Rotman, Kezia Procita, Derek
Hansen, Cynthia Sims Parr, and Jen-
nifer Preece. Supporting content cur-
ation communities: The case of the
encyclopedia of life. JOURNAL OF THE
AMERICAN SOCIETY FOR INFORMA-
TION SCIENCE AND TECHNOLOGY,
63(6):1092–1107, June 2012. ISSN
1532-2882.

V. Runnel, M. Peterson, and A. Zirk.
”my naturesound” - nature observations
with sound recordings. Biodiversity Data
Journal, 5, 2017.
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dotou, and E. Scanlon. The sense-it app:
A smartphone sensor toolkit for citizen
inquiry learning. International Journal
of Mobile and Blended Learning, 9(2):
16–38, apr-jun 2017. ISSN 1941-8647.

Sally Shuttleworth. Old weather: citizen
scientists in the 19th and 21st centuries.
Science Museum Group Journal, 3(3),
2016.

Jonathan Silvertown, Martin Harvey,
Richard Greenwood, Mike Dodd, Jon
Rosewell, Tony Rebelo, Janice Ansine,
and Kevin McConway. Crowdsourcing
the identification of organisms: A case-
study of ispot. ZooKeys, (480):125,
2015.

V.S. Smith, S.D. Rycroft, K.T. Harman,
B. Scott, and D. Roberts. Scratchpads:
A data-publishing framework to build,
share and manage information on the
diversity of life. BMC Bioinformatics, 10
(SUPPL.14):S6, 2009. ISSN 1471-2105.

K. Sparks, A. Klippel, J.O. WallgrÃn,
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Appendix C

Recommendations for Project

Review

Table 22: Summary of themes and recommendations extracted from the online communities literat-
ure.

Theme Summary Effect

Task Visibility
Tools for tracking/finding work Positive
View others have complied Positive (increase chance to comply)

Requests

Ask people to perform personalised tasks Positive (increase chance to do work)
Make requests to specific people Positive (increased chance to comply)
Keep requests simple and short Positive (increased rate of compliance)
Requests should come from high-status
people

Positive (increased rate of contribution)

Requests should come from popular figures Positive (increased rate of compliance)

Framing

Messages should stress benefits of
contribution

Positive (larger effect on intrinsically
motivated individuals)

Fear campaigns effective and persuasive Positive (increased rate of contribution)
Fear campaigns result in participants’
reevaluating campaigns

Neutral-Negative (may be less effective for
some participants)

Participants should feel they have
something unique to offer

Positive (increased rate of contribution)

Goals

Goals should be specific and challenging Positive (increased rate of contribution)
Goals should be coupled with deadlines Positive (increasing rate of contribution as

deadline nears)
Goals should be coupled with feedback Positive (increased rate of contribution)

Social
Interaction

Contributions should be combined with
social interaction

Positive (increased rate of contribution)

(Continued)
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Theme Summary Effect

Feedback

Provide participants with sincere,
performance-based feedback

Positive (enhanced motivation, particularly
where positive, but only if sincere)

Provide systematic, quantitative feedback Positive (increased likelihood of verbal
feedback)

Comparative feedback functional only if
high performance desirable and obtainable

Neutral/Positive (increased rate of
contribution if high performance viewed as
possible)

Performance feedback leads to a game-like
atmosphere

Neutral/Negative (Undesirable
consequences for some communities)

Rewards

Introduce any form of reward Positive/Negative (motivates contributions -
may not be the case for VCS - may lead to
low effort behaviour and cheating)

Introduce task-contingent feedback Positive/Negative (effective for larger tasks,
otherwise motivates increased rates of
contribution but not effort)

Rewards should be performance-contingent Positive (Task-contingent leads to low-effort
contributions)

Performance-contingent rewards must be
designed carefully

Positive (Further discourages low-effort
contributions)

Introduce status/privilege rewards Positive (Low chance of most active
participants engaging in low-effort
behaviours)

Ensure eligibility and reward policies are
unpredictable and nontransparent

Positive (Low chance of low-effort
behaviours)

Avoid task-contingent feedback for
intrinsically motivating tasks

Negative (Reduction in intrinsic motivations,
particularly for monetary rewards)

Introduce large tangible rewards for
intrinsically motivating tasks

Positive (Small rewards have a negative
impact on contribution rates)

Commitment

Encourage commitment to community
groups

Positive (Increased willingness to
contribute)

Keep group sizes small Positive (Greater effect than smaller groups)



Appendix D

Final List of Projects for Project

Review

Project Name Project URL Community Features

Annotate https://anno.tate.org.uk Talk (Zooniverse Custom
Platform)

Asteroid Mappers https:

//cosmoquest.org/?application=
vesta mappers/

Discussion Board Forum

Asteroid Zoo http://www.asteroidzoo.org Talk (Zooniverse Custom
Platform)

Bug Guide http://bugguide.net/ Discussion Board Forum

Chicago Wildlife
Watch

http://www.chicagowildlifewatch.org Talk (Zooniverse Custom
Platform)

Chimp and See http://www.chimpandsee.org Talk (Zooniverse Custom
Platform)

Condor Watch http://www.condorwatch.org Talk (Zooniverse Custom
Platform)

Cyclone Centre http://www.cyclonecenter.org Talk (Zooniverse Custom
Platform)

Disk Detective http://www.diskdetective.org Talk (Zooniverse Custom
Platform)

EteRNA http://www.eternagame.org Live Instant Messenger Chat,
Discussion Board Forum, Wiki

EyeWire http://eyewire.org/ Live Instant Messenger Chat,
Discussion Board Forum, Wiki

(Continued)
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Project Name Project URL Community Features

Floating Forests http://www.floatingforests.org Talk (Zooniverse Custom
Platform)

FoldIt http://fold.it/portal/ Discussion Board Forum, Wiki

Fossil Finder http://www.zooniverse.org/projects/
adrianevans/fossil-finder/

Talk (Zooniverse Custom
Platform)

Galaxy Zoo http://www.galaxyzoo.org Talk (Zooniverse Custom
Platform)

Galaxy Zoo Bar
Lengths

http://www.zooniverse.org/projects/
vrooje/galaxy-zoo-bar-lengths/

Talk (Zooniverse Custom
Platform)

Herbaria@Home http://herbariaunited.org/atHome/ Discussion Board Forum

Higgs Hunters http://www.higgshunters.org Talk (Zooniverse Custom
Platform)

Instant Wild http://www.edgeofexistence.org/
instantwild/

Comment Listing

iSpotNature http://www.ispotnature.org Discussion Board Forum

Landscape Watch
Hampshire

http:

//www.hampshire.landscapewatch.com/
Discussion Board Forum

Mars Mappers https:

//cosmoquest.org/?application=
mars simply craters

Discussion Board Forum

Mercury Mappers https://cosmoquest.org/projects/
mercury mappers

Discussion Board Forum

Milky Way Project http://www.milkywayproject.org/ Talk (Zooniverse Custom
Platform)

Moon Mappers https:

//cosmoquest.org/?application=
simply craters

Discussion Board Forum

Notes From
Nature

http://www.notesfromnature.org Talk (Zooniverse Custom
Platform)

Old Weather http://www.oldweather.org Discussion Board Forum

Operation War
Diary

http://www.operationwardiary.org Talk (Zooniverse Custom
Platform)

Orchid Observers http://www.orchidobservers.org Talk (Zooniverse Custom
Platform)

Penguin Watch http://www.penguinwatch.org Talk (Zooniverse Custom
Platform)

(Continued)
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Project Name Project URL Community Features

Phylo http://phylo.cs.mcgill.ca/ Discussion Board Forum

Planet Four http://www.planetfour.org Talk (Zooniverse Custom
Platform)

Planet Four:
Terrains

http://www.zooniverse.org/projects/
mschwamb/planet-four-terrains/

Talk (Zooniverse Custom
Platform)

Planet Hunters http://www.planethunters.org Talk (Zooniverse Custom
Platform)

Plankton Portal http://planktonportal.org/ Talk (Zooniverse Custom
Platform)

Radio Galaxy Zoo http://radio.galaxyzoo.org Talk (Zooniverse Custom
Platform)

Science Gossip http://www.sciencegossip.org Talk (Zooniverse Custom
Platform)

Season Spotter
Image Marking

http://www.zooniverse.org/projects/
kosmala/season-spotter-image-

marking

Talk (Zooniverse Custom
Platform)

Season Spotter
Questions

http://www.zooniverse.org/projects/
kosmala/season-spotter-questions

Talk (Zooniverse Custom
Platform)

Snapshot
Serengeti

http://snapshotserengeti.org/ Talk (Zooniverse Custom
Platform)

SpaceWarps http://spacewarps.org/ Talk (Zooniverse Custom
Platform)

Stardust@Home http:

//stardustathome.ssl.berkeley.edu/
Discussion Board Forum

Sunspotter http://www.sunspotter.org Talk (Zooniverse Custom
Platform)

Verb Corner http:

//gameswithwords.org/VerbCorner
Discussion Board Forum

Whales As
Individuals

http://www.zooniverse.org/projects/
tedcheese/whales-as-individuals

Talk (Zooniverse Custom
Platform)

Wildcam
Gorongosa

http://www.wildcamgorongosa.org Talk (Zooniverse Custom
Platform)

Wildebeest Watch http://www.zooniverse.org/projects/
aliburchard/wildebeest-watch/

Talk (Zooniverse Custom
Platform)

Worm Watch Lab http://www.wormwatchlab.org Talk (Zooniverse Custom
Platform)
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Appendix E

Interview Question Schedule

E.1 Introductory Briefing

Thank you for taking part in this study. I would like to remind you that you are

free to withdraw from it at any time.

E.2 Interview Questions

E.2.1 Introduction

8. Please could you confirm again that you are happy to be (audio) recorded

for the duration of this interview?

9. Could you begin by introducing yourself and your role in the team?

10. What is your interaction with other members of the team like?

E.2.2 Use and Introduction of Project (Game) Elements

11. To begin, can you go over the most important game elements that you use

in your project, and how effective you think they have been?

12. When introducing new features, can you describe whether you base your

development lifecycle on features you know work in other games, or on

your own insights about how players use your own platform?

13. Has this changed over time? If so, please discuss how? (For example, have

you become more aware about which features work well, generally?)
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14. Are there any features or elements that you’ve considered introducing but

subsequently haven’t done so? Why?

E.2.3 Feedback on Features

15. After implementing a new feature, what is your process for receiving feed-

back on it from the community?

16. How do you review that feedback and then act upon it?

17. Do you specifically ask the community for feedback?

18. Do you get ‘feedback’ from data regarding engagement levels?

19. What is the relationship between data analytics on the platform and the

way in which you re-engineer features, compared to when you speak to the

community?

20. Do you value one source of data more than the other for this, for ex-

ample?

E.2.4 Analysing the Impact of Features

21. When looking at effects of features on user engagement and motivation, do

you study this longitudinally or simply at single time points?

22. How do you track exactly how specific changes result in specific effects?

23. What would you define community engagement to be?

24. Do you use yrou observations to gain insights into community health?

25. When things do not go to plan, what processes do you follow to pinpoint

the source of problems?

26. What mechanisms do you have to subsequently re-engage the community?

E.2.5 Successful Citizen Science and Successful

27. What do think makes a CS project successful?

(c) Social Success and features
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(d) Community Success and features

(e) Task design and task success

28. What are your measures for success?

(f) Qualitative Measures

(g) Quantitative Measures

29. What do you think makes a game successful?

30. Do all the aspects you’ve described apply to creating a successful Citizen

Science game?

31. If not, why not?
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ABSTRACT
Online citizen science projects have been increasingly used
in a variety of disciplines and contexts to enable large-scale
scientific research. The successes of such projects have
encouraged the development of customisable platforms to
enable anyone to run their own citizen science project. How-
ever, the process of designing and building a citizen science
project remains complex, with projects requiring both human
computation and social aspects to sustain user motivation and
achieve project goals. In this paper, we conduct a systematic
survey of 48 citizen science projects to identify common
features and functionality. Supported by online community
literature, we use structured walkthroughs to identify different
mechanisms used to encourage volunteer contributions across
four dimensions: task visibility, goals, feedback, and rewards.
Our findings contribute to the ongoing discussion on citizen
science design and the relationship between community and
microtask design for achieving successful outcomes.
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INTRODUCTION
Online citizen science (CS) refers to a Web-based approach
to involve members of the general public in scientific research
on a volunteer basis [6, 47, 62]. CS projects are typically
initiated and overseen by a team of professional scientists,
who define the goals of the projects, assign tasks to volunteers,
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and feed the crowd-generated data into established scientific
workflows. This emerging form of participatory research has
been applied to a vast range of scenarios, including education,
civic activism, and conservation [63], alongside a growing
number of disciplines, from astrophysics and biology to social
sciences and cultural heritage [36, 59].

Citizen science draws on methods and theories from the fields of
Human-Computer Interaction (HCI) and Computer Supported
Cooperative Work (CSCW). As data-processing systems,
they can be considered human-agent collectives [16] that use
human cooperative work and crowd intelligence [32] to help
professional scientists handle large amounts of raw data and
advance their empirical work. As socio-technical systems, they
foster an environment which enables loose-knit communities
to form [40, 62], whose members communicate and collaborate
using discussion forums [5, 59], chat rooms [58], or wikis [30].

The combination of human computation and sociality has
shown to be effective in accomplishing scientific objectives,
as well as in yielding unanticipated discoveries initiated by
members of the community [59]. However, support for such
communities varies significantly between different CS projects.
Designing CS projects remains a complex process, requiring
insight from a range of specialised areas and disciplines [3]. At
the same time, the number of scientists involved can be small,
lacking the prerequisite knowledge and expertise from areas
such as HCI and CSCW, in order to design and run projects,
and lack experience in successfully staging public engagement
activities [59].

The motivation behind this paper is driven by the belief that de-
sign guidelines are crucial to simplifying this design process in
citizen science projects. Whilst there has been focus on concen-
trating on factors such as participant activity levels as measure
for successful CS initiatives [59], literature has begun to re-
veal the significance of community-specific project features,
yet they still remains largely under-explored beyond a single
project. Addressing this gap, this paper contains a study con-
ducted investigating the features commonly used in 48 citizen
science projects. We drew from an initial set of 136 projects, and
examined the supporting literature of online systems and publi-
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cations accompanying them, and discuss their design choices in
the context of previous guidelines on building successful online
communities from the greater HCI and CSCW literature. Our
study documents significant variations in the design of specific
features, including rewards, performance feedback, goal setting,
and seeking and managing contributions. It further identifies
areas where CS projects are often incomplete or disregard best
practises. We describe the online citizen science design space as
a whole, to enable further research and innovation in this area.

Summary of Contributions
In this work we carried out a survey of online community design
features in 48 citizen science projects, drawn from a large-scale
meta study of over 150 scientific publications. To the best of our
knowledge, this is the first work of this scale where a compre-
hensive set of CS project features are identified, extracted, and
systematically analysed from the angle of online communities.
Our research provides insights into the impact of those fea-
tures on success of the underlying CS projects and specifically
identifies community features as an essential component. Such
insights are of particular benefit to those wishing to build suc-
cessful CS projects with collaborative community aspects, high-
lighting key design considerations for overall project success.

BACKGROUND
In the past ten years there has been a rising interest in crowd-
sourcing approaches to scientific enquiry and experimentation.
Such endeavours range from participatory sensing, to human
computation projects in which volunteers collect, curate, and
analyse scientific data. Our meta-analysis focuses on the extent
to which existing citizen science projects have been able to
build successful communities that contribute to their scientific
aims. As argued in [59], the emergence of these communities
has proven critical for the success of citizen science initiatives.
Not only have such communities played a crucial role in
several scientific discoveries, but they have also often helped
new projects and sub-communities to form and grow. The
section is divided into two parts: an introduction to citizen
science, followed by an overview of previous work on online
community design frameworks.

Online citizen science
Online citizen science draws upon theories and practice from
several areas that have long been studied in HCI and CSCW,
including human computation and crowdsourcing, online com-
munities, and gamification. They have often been characterised
as crowdsourced science [37], where professional scientists
seek the help of large numbers of people to contribute to
scientific research [14]. In its most common instance, a project
would seek the help of volunteers to take on ‘microtasks’,
collecting, curating, annotating, and analysing scientific data at
a level that does not require specific knowledge or domain ex-
pertise [59]. Done effectively, such microtasks are dispatched
and results are validated and aggregated in ways that allow
project scientists to process large amounts of data accurately
and at high speed [33]. One of the most prominent CS projects
is Galaxy Zoo, which attracted more than 50,000 astronomy
enthusiasts who classified hundreds of thousands of galaxies

in just a few weeks. Such a task would have been extremely ex-
pensive and time-consuming if done by scientists alone or with
the help of state-of-the-art object recognition software [27].

In a classification project such as Galaxy Zoo, participants
are presented with an entity, which can be an image, graphs,
an audio file, or a video, and then asked questions about that
entity. For instance, users may be asked to identify features,
map these features, catalogue entities, transcribe, or complete
other microtasks [12]. Figure 1 shows a user interface from
Snapshot Serengeti, from the Zooniverse platform. Here, the
large image on the left corresponds to the entity which must
be classified. The menu on the right lists the animal species
to choose from. Microtasks may take various other forms
besides classification. For example, in eBird volunteers submit
observations of bird distributions in real-time. Some projects
are minimally designed online spaces for people to upload or
share their data, while others have more complex interfaces,
sometimes in the form of games [8].

Despite involving large numbers of people, citizen science has
historically targeted individual participants rather than groups
or a larger community. It is thus uncommon for participants
to be made aware of each others’ contributions, and microtasks
are typically designed to be solved independently [33, 61].
Success is often measured in these terms, with metrics such
as the number of registered users or the time it took to complete
a certain goal being popularly stated measures1. Responses
for each entity are typically aggregated and compared as a
means of validation [20]. In the event that there is significant
disparity between responses, an entity will be presented to a
greater number of participants to gather further evidence.

Citizen Science projects vary in aim between those which seek
to complete scientific research, with a focus on investigation,
and those which seek to engage volunteers in science through
education, training and raising awareness of issues such as
conservation. This variation manifests in a number of character-
istics, including the tasks requested of users, the technologies
used in data collection and analysis and the settings, physical
and virtual, in which these processes take place [62]. Just 16%
of papers surveyed by Kullenberg and Kasperowski were found
to have a scientific research output, reflecting the importance
of these alternative educational, engagement goals [23]. At
the same time, citizen science projects are associated with a
relatively slow rate of publication [56].

Similarly, projects differ in the stages of the scientific process in
which citizen volunteers are invited to participate. At their sim-
plest, citizen science projects take the form of ’volunteered com-
puting’ or use sensors, with volunteers used solely as a means
to access processing power or distributed technology [13]. A
more extreme form of citizen science is ’collaborative science’,
an approach where volunteers assist in defining a research prob-
lem, gathering and analysing data and may even design studies,
draw conclusions and disseminate findings [63, 13].
1Zooniverse blog, “Measuring success in citizen science projects,
part 1: methods” – http://blog.zooniverse.org/2015/08/24/
measuring-success-in-citizen-science-projects-part-1-
methods/ [Accessed: 27 May 2016].
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Figure 1. The classification interface in Zooniverse’s Snapshot Serengeti
project asks participants to select the species of animals present within
images from an extensive list.

As the field of CS evolved, it became clear that introducing
mechanisms for collaboration would be beneficial for the per-
formance of the individual contributors and their long-term en-
gagement with the project [59]. These mechanisms have taken
diverse forms such as discussion forums [40], instant messaging
services [19], or custom-built community spaces (for example,
Zooniverse’s Talk). Such spaces allow for communication both
between participants and between participants and the scientists
responsible for each project. Since users are able to directly in-
teract with one another, scientists are able to rely on the commu-
nity to answer user queries, or to direct such queries to scientists
when appropriate, rather than having to respond to queries on an
individual basis [59]. There is evidence of communities gaining
scientific knowledge through the use of discussion features [29].
Furthermore, several important serendipitous discoveries have
grown out of these interactions: Hanny’s Voorwerp and Green
Peas in the context of Galaxy Zoo, [41, 5], the Circumbinary
planet PH1b from Planet Hunters [46], and the new variety
of nebula in The Milky Way project [18]. These discoveries
have themselves resulted in publications in academic journals,
written in conjunction with volunteers.

Online community design
Online communities are environments in which people gather
to work towards common goals, socialise, share knowledge and
resources, or communicate [22]. Such communities vary in size
and may take diverse forms, although the majority of online
communities take the form of textual discussion forums or
email groups [24, 22]. Online citizen science projects are exam-
ples of online communities. A large community of volunteers
must come together to enable completion of scientific goals,
which often requires classifying tens of thousands of entities
[59]. Online community design is therefore an important
consideration when designing successful CS projects.

Online community design has been studied using various
frameworks and analytical methods. Ren, Kraut, and Kiesler
analysed theories of commitment with regard to online
communities in order to identify design decisions which may
lead to greater commitment [42]. The authors demonstrated
that specific design decisions such as constraining or encour-
aging discussion among the community can influence group
forming and commitment between community members and
so influence the form that community participation takes.

Preece [38] explored the dimensions of sociability and
usability in an effort to explore the concept of success in
online communities. The resulting framework considers
facets of sociability: volume of participation, reciprocity
in contributions and benefits, quality of contributions, and
participant behaviour. Usability dimensions are also key
components of the framework: ease of use, speed of learning,
measures of productivity, and user retention. These dimensions
are of particular interest given our objective to identify features
associated with online community success in CS projects.

Similarly, Iriberri, and Leroy analysed online communities
within the framework of information systems life cycles to fur-
ther explore the concept of success in online communities [15].
Dimensions evolve throughout the cyclical framework, from
conception and purpose, to ensuring security and reliability
during the creation process. Quality assurance and encouraging
interaction become important during the growth phase, while
mature communities must further focus on rewarding and
encouraging interactions through events. Such a framework
demonstrates the evolving nature of success and highlights the
importance of early design decisions on later project outcomes.

Kraut et al. studied a diverse body of communities, ranging
from crowdsourcing efforts such as CAPTCHA and Mechanical
Turk to MMOs such as World of Warcraft [22]. Each of these
communities was analysed based on empirical observations in-
formed by key theories from the social sciences. They devised
a total of 175 design claims, across five areas: encouraging
contribution, encouraging commitment, regulating behaviour,
dealing with newcomers and starting new communities. These
design claims provide evidence-based guidelines for assessing
online community success.

With regard to gamification, Mekler et al explored the impact
of points and contextual framing of tasks on volunteers’
intrinsic motivations and performance in an image annotation
task [31]. Points were found to increase the quantity of tags
generated, while framing had no significant effect on quantity.
A combination of points and contextual framing was shown
to have a significant effect on the time spent per tag, compared
to just points or framing alone. Framing was associated with an
increase in tag quality, an effect which was not seen with points.
These findings suggest interface features can impact participant
engagement and the effort expended by participants.

DATA AND METHODS
Our goal was to identify design principles and guidelines for
improving CS projects by observing the interplay between
current design decisions and success within project research
outcomes. To this end, we consulted both the project platforms
and research output from projects and the wider online citizen
science literature. In order to do so, we began our analysis
by identifying a selection of projects and documentation
through a review of contemporary CS literature. Drawing
from the success metrics identified during the literature review,
we developed a framework of themes and success criteria
affected by such themes within online community literature.
This framework was used to conduct a survey of the selected
projects, identifying mechanisms and affordances pertaining
to each theme through a structured walkthrough process. The
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evidence basis determined through our literature review was
further used to analyse the results of the survey process, to pro-
vide evidence for our findings from the wider literature and to
distill design implications for further research moving forward.

Selecting Projects and Project Documentation
Initially, projects and project documentation were selected
through a literature review designed to identify suitable CS
projects, as well as potential issues pertaining to online com-
munities. A search was conducted of four online repositories,
selected to identify publications from a broad range of research
disciplines (see Table 1). This search resulted in a total of 886
publications. The title and abstract of each were assessed to
remove duplicates and publications deemed to be irrelevant
(for example, offline CS systems). 152 publications were thus
selected for further use.

Each publication was first analysed to identify potential
projects for sampling. Projects were considered for in-
clusion if they contained at least one community feature
(forum/wiki/discussion board/IM chat) and if it remained
possible to register and contribute to the project. We excluded
social media features due to the lack of input which social
media users have on platform design and the difficulties in
identifying official project social media channels.

After completing this process, we found that the majority of
projects were no longer available, a factor which we partly
attribute to the prolonged time it takes for citizen science
data to reach publication (see, for example, [56]). Aware of
the success that participants in citizen science systems have
had in spreading awareness of systems (see, for example,
[59]), we supplemented our sample with projects listed on
Wikipedia, which features a well-maintained list of citizen
science projects2. To ensure the validity of the information
gathered, we visited each project URL to confirm the existence
and suitability of the project.

We identified 136 projects in total, from which we selected
48 projects for further analysis according to the inclusion
criteria. This list of projects was not intended to be exhaustive;
while we made efforts to ensure the inclusion of a range of
project microtask types and disciplines, the projects selected
for inclusion are likely to be more popular than average, having
drawn academic or volunteer interest. This was a deliberate
choice, resulting form our desire to assess design decisions in
projects making successful use of design features. Although
we included multiple projects from the Zooniverse platform,
we note that specific design decisions vary between these
projects and we thus consider these projects individually. The
full list of surveyed projects can be seen in the appendix.

Having identified a suitable sample of projects, we returned
to our sample of literature and conducted a systematic review
of each publication. We first removed publications deemed
unsuitable for further use. This predominantly consisted
of those publications which served only as data-releases of
projects for which other, more informative publications were
2Wikipedia, “List of citizen science projects” – https:
//en.wikipedia.org/wiki/list_of_citizen_science_projects
[Last Accessed: 27 May 2016]

Repository Search terms Results
JSTOR ab:(“online” + “citizen science”)

OR ab:(“digital” + “citizen science”)
OR ab:(“virtual” + ”citizen science”)

9

Google Scholar “online citizen science” OR “virtual cit-
izen science” OR “digital citizen science”

424

Scopus TITLE-ABS-KEY (“online” + “citizen
science”) OR TITLE-ABS-KEY (“digital”
+ “citizen science”) OR TITLE-ABS-KEY
(“virtual” + “citizen science”)

242

Web of Science TOPIC:(“online” + “citizen science”)
OR TOPIC:(“digital” + “citizen science”)
OR Topic:(“virtual” + “citizen science”)

211

Table 1. Repositories and search terms used for the literature review.

available. We also removed publications which referred only
to projects deemed unsuitable for inclusion within our study.
This generated a smaller sample of 115 items of literature.
Each publication was reviewed in more detail to identify
relevance to the surveyed projects, relevance to each of the four
themes utilised within our online community framework and
to determine success metrics and evaluation methods utilised
within the literature.

Online Community Framework
To identify the extent to which projects adhered to online com-
munity design recommendations, we synthesised a framework
of recommendations based on existing literature. We drew from
the work of Kraut et al’s Building Successful Communities [22]
due to its application to a range of online communities and
because it provides specific design claims for social and
technical characteristics of successful online communities.
These were considered alongside the frameworks described
by Nov et al [35], Iriberri and Leroy [15], and Preece [38].

We first extracted design recommendations from the litera-
ture, identifying over 200 unique design recommendations. To
ensure relevance to citizen science, we selected only recommen-
dations which relate to ensuring high quantity and quality of
contributions, as identified within the originating frameworks.
Further, we selected only recommendations which we could ob-
serve from the systems alone; recommendations which would
require consultation with participants were deemed beyond the
scope of this project given the large number of systems involved.

Recommendations were finally grouped into a total of four
broad themes:

• Task visibility – the ease with which participants can see and
select microtasks and discussions requiring completion.

• Goals – the provision of challenges and targets for
participants to achieve.

• Feedback – mechanisms for informing participants of the
quantity or quality of submissions.

• Rewards – tangible or intangible awards given to participants
for making contributions or achieving goals.

Structured Walkthroughs
To assess these themes within each of the selected projects, we
conducted our survey by utilising a structured walkthrough-
based approach. For each project, two researchers registered as
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participants and completed approximately ten classifications (or
for data collection projects, assessed existing contributions), as
well as observing community interactions. This was a four step
process: Initially, each of the researchers separately registered
and completed 10 classifications or other forms of contribution
(evaluating existing contributions in data collection projects)
within each of the 48 projects analysed within the study. During
this initial step, each researcher produced a list of affordances,
mechanisms and characteristics observed across all 48 projects.
Following this, both researchers consulted with one another
and compared the two lists, discussing points of contention and
disagreement between the two lists, referring to the specific
projects involved, in order to produce a common, unified list of
mechanisms agreed upon by both researchers. Each researcher
then separately returned to each of the projects, completing
further contributions where necessary, in order to survey the
number of times each of the mechanisms within the list was
utilised within the sampled projects. Upon completion of this
survey, the two researchers convened again to correct errors, dis-
cuss disagreement and produce a final list detailing the observed
mechanisms and the number of occurrences of the mechanism
across the projects. In order to ensure accuracy and to prevent
possible issues with the structured walkthrough approach, this
list was then compared with evidence drawn from the literature
review process, using relevant publications where available for
each project, as well as project blogs and news-feeds.

RESULTS AND ANALYSIS
In this section we report on our cross-sectional analysis of 48
citizen science projects by using the structured walkthrough,
organised by the four themes: task visibility, goals, feedback,
and rewards. For each theme, we identified a list of commonly
occurring mechanisms, ordered by frequency within the
sampled projects.

Task Visibility
Many of the identified mechanisms facilitated making tasks and
discussions visible to users, such that volunteers could identify
entities which require classification or discussion which
requires participation (see Table 2). What follows is a synthesis
of affordances based on our observed use of these mechanisms.

Automatic entity selection. In terms of microtask contribu-
tions, a significant proportion of platforms automatically

Mechanism # of projects
Notification of most recent activity 48
Free selection of discussion threads 47
Automatic Assignment of Entities 44
Sticky/pin function 43
Entity availability limited by classifications received 41
Follow function (by thread) 34
Completion percentage (by collection) 7
Dedicated area for entities in need of input 5
Customisable discussion feed 2
Entity availability limited by total number of entities 1
Task available for limited time 1
Follow function (by entity) 1

Table 2. Mechanisms which support task visibility.

selected entities for volunteers at the start of each session,
providing little or no indication of how these entities were
chosen behind the scenes. This way of assigning microtasks
allows the science team to control the number of times
each entity is classified by the crowd, while also ensuring
completion. The Zooniverse platform uses an algorithm to
control the number of classifications that each entity receives,
although, in practice, entities may receive a greater number
of classifications if the number of participants outweighs the
number of available entities [50, 53]. InstantWild limits the
available number of images for classification, with eight entities
available for classification at any one time, while EteRNA
allows contributions to each round of its Cloud Laboratory
for a limited period of time only. Whilst still automated in
task-selection, EteRNA allowed participants to select from all
available entities by solving puzzles, with the ability to filter
puzzles by recency, rewards, number of prior completions, and
length. Similarly, FoldIt offered participants the opportunity
to select puzzles, with several pre-existing groupings offered.

User-task selection. While automatic selection discourages
large amounts of activity around particular entities, community-
specific features may encourage a disproportionate amount
of activity around a given task. Community-specific features
tend to be facilitated with discussion boards, offering specific
threads on a popular topic, particularly topics which have
recently received attention from other volunteers. Participants
are able to select threads and discussions freely, regardless of
the number of discussions surrounding that entity, or time since
the entity was uploaded. However, this does not extend to the
microtask interface, which prevented the selection of specific
entities in all but 4 of the most gamified projects such as EteRNA
and FoldIt. In EyeWire, entity selection is a specific privilege,
offered to a small number of participants as a reward for
contributions of particular value (see Rewards for more detail).

Drawing attention. CS projects function by drawing volun-
teers’ attention to entities requiring additional work, or to
previously completed work as a learning experience. This was
particularly common in community features, where threads
or comments could be made clearly visible through the use of
sticky or pin functions, causing these threads to remain at the
top of any lists of discussion threads. A similar mechanism
was used in the task area of five projects, where a dedicated,
clearly visible area was reserved to draw participant attention
to entities in need of work. In community features, attention
was almost always drawn to the most recent discussion
contributions, as a proxy for those in need of contribution.

One area lacking from task visibility is the opportunity for
volunteers to easily select entities which appeal to them. The 48
projects surveyed all offered participants relatively low levels
of autonomy with regard to task visibility and task selection. In
some cases projects would allow volunteers to select specific
collections, such as logs from a given ship in Old Weather, or
images of specific kingdoms and/or classes (e.g., fungi, birds
and insects) in the Notes from Nature project. However, the dif-
ference between collections is largely thematic. In these cases,
the burden of choice was placed on the user, rather than recom-
mending collections based on participants’ previous behaviour.
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Mechanism # of projects
Classification challenges 18
Competitions 14
Opportunity for Rare Discoveries 6
Meta challenges (fundraising, attracting attention) 5
Survey (user voting for entity naming, etc.) 4

Table 3. Mechanisms which support goals.

Phylo and FoldIt allow volunteers to complete projects aimed at
understanding specific diseases, rather than making use of the
random assignment function, but this was again largely based
on participants’ choices rather than specific recommendations.

Goals
One effective method of motivating contributions identified
within the literature concerns is to assign volunteers achievable
goals. We identified a number of goal-setting mechanisms
in various forms, as shown in Table 3, including the use of
challenges and competitions to achieve a collective benefit,
as well as individual benefits. Below are three forms of goals
which these mechanisms afford.

Project-completeness goals. The most common form of goals
observed, surrounded task completion and, in particular, the
number of contributions received, with volunteers asked to
increase their level of participation to meet these goals through
classification challenges, coupled with competitions in 14
projects, predominantly on a temporary basis. The Planet
Hunters, SpaceWarps, Planet Four, and Higgs Hunters projects
all made use of three day challenges, asking volunteers to
complete as many contributions as possible, to coincide with
the BBC’s Stargazing Live broadcast. These temporary goals
lead to brief periods of extremely high rates of classification –
the SpaceWarps project generated 6.5 million classifications in
just 3 days, with a peak of 2,000 classifications per second [49].
After the completion of the challenge, contribution rates fall
sharply – after 2 years, the three day challenge still accounted
for the majority of contributions to the Planet Four project [45].
In the same manner, progress bars and completion counters are
used to indicate the state of a project. The specific size and na-
ture of a collection varies between projects. Snapshot Serengeti
and Verb Corner divide entities into collections based on the
period of time over which images were gathered, requiring
completion of one season before another can be released. Notes
from Nature runs concurrent collections, divided based on the
focus of entities (e.g., plant, bird, insect) and thus the fields
required for transcription. Other collections are more thematic
– Old Weather divides log book pages into collections based
on the ship from which the log book was taken. While for the
most part these goals had specific deadlines, those mechanisms
which served dual purposes lacked deadlines. Collection
completion percentages, for example, function as goals and
as a means of making tasks visible. Collection completion was
not tied to specific deadlines – collections remained available
and accessible until they generated sufficient numbers of
classifications, at which point they were removed.

Milestone-driven goals. In some cases, challenges did not
correspond to the completion of a collection, but to a set
level of contribution, in the forms of milestones such as ‘one

million classifications’. Moon Mappers ran the ‘Million
Crater Challenge’: setting a goal to achieve one million crater
classifications across all participants between April the 20th
and May the 5th, 2012. Major milestones offered rewards to
individuals, as a further level of benefit. Although volunteers
successfully completed over 100,000 classifications within
the time-limit set for the challenge, the goal ultimately proved
too challenging and it was not until October that the goal
was finally reached. EyeWire has similarly hosted a number
of month-long classification challenges. Participants are
assigned a team at the beginning of the month and must score
as many points as possible for their team throughout the month.
EyeWire has also offered volunteers the chance to take place in
a number of competitions at an individual level, with the aim of
achieving the highest level of accuracy or the greatest number
of classifications. Such tasks may involve scoring the highest
number of points, making the most classifications or achieving
the highest level of accuracy over the course of a week. Prizes
are awarded to the winners (see Rewards below).

Community-based goals. The existence of goals aimed at
community-feature participation is rare, with such goals almost
exclusively taking the form of meta-challenges, aimed at aiding
in the administration of a project or public awareness. These
community-based goals were those most likely to affect the
wider public, outside of the community of project participants.
Planet Hunters, a project which aims to discover new planets,
runs occasional competitions to allow volunteers to name
new planetary candidates. Participation in the competition
is entirely through community features, such as forums and
survey forms. A similar community challenge, the Snapshot
Serengeti ‘Serengeti Selfies’ campaign, aims to raise funds
by asking participants to identify images of animals which
appeared similar to photographic self-portraits in the ‘selfie’
style, for publication. Participants are asked to use the hashtag
#selfie to identify such entities within the Snapshot Serengeti
talk pages. This does not require engagement with the
task-interface, though unlike Planet Hunters, there is nothing
preventing the identification of such images through the task
interface and thus, does not exclude participation through task
completion. When the Snapshot Serengeti project was faced
with a reduction in funding, the team began a crowd-funding
campaign. To publicise the campaign, a concurrent campaign
was launched, where, while completing classifications, partic-
ipants were encouraged to find amusing or interesting images
and caption them, before sharing them via social media. The
campaign successfully raised $36,324 and, at its peak, attracted
4,500 unique users to the Snapshot Serengeti project [21].

Feedback
In the systems observed, feedback serves a dual purpose,
helping to ensure the validity of results, while also engaging
volunteers through learning. Feedback provision mechanisms
can broadly be divided into two groups: task-contingent,
related to the number of completed tasks, or performance-
contingent, related to the quality of contributions received [22].
Furthermore, feedback may be quantitative and systematic,
through the task interface or discussion-based, through
community features such as forum discussion.
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Mechanism # of projects
Task-contingent feedback 29
Performance-contingent feedback 14
Performance-contingent feedback as numerical score 11
Gold Standards for performance-contingent feedback
provision

7

Progress-bars for task-contingent feedback 7
Volunteer testing 5
Majority opinion-based performance-contingent
feedback

4

Comments from science team 1

Table 4. Mechanisms which provide participants with feedback on
individual contributions and overall project progress.

Task-driven feedback. Task-contingent feedback was rela-
tively common among the projects surveyed. The SpaceWarps
project interface provided a counter which displays the number
of images a user has viewed, as well as the number of potential
gravitational lenses discovered. Such feedback may also be
provided through comparison with other community members;
Herbaria@home tracks all user contributions in a leaderboard,
Old Weather’s rank function divides leaderboards into bands
(ranks) where participants may progress by completing more
classifications, EteRNA’s point system is a relatively unique
feedback mechanism, with participants gaining points based
on the difficulty of a puzzle, rather than solely the quality of
their response. [54].

Performance-driven feedback. Explicit performance-driven
feedback mechanisms were rarer among the projects surveyed.
One relatively unique form of performance-contingent
feedback occurred in Phylo; participants must pair nucleotides
to build DNA sequences, with the task encouraging participants
to match similarly coloured blocks. Participants are assigned
stats based on how they perform in the task, which is then used
to construct global leaderboards. In EyeWire, players received
feedback as a point score, this score varied according to a
number of factors, including the difficulty of a classification and
the extent to which the classification differed from the average
classification received [43]. Within the FoldIt project, puzzles
were difficult and the research conducted was often complex for
participants to understand. Volunteers therefore relied on these
point scores to understand how their performance matches with
what is expected from them and whether they were giving a
useful or correct answer [11]. In InstantWild, participants saw
an anonymised summary of the classifications received from
other participants for a given entity. One inherent vulnerability
in such a majority-based feedback mechanism as cited by the
EyeWire team, however, is the danger of the majority opinion
being incorrect, introducing the possibility that EyeWire
classifications which are more correct than the majority will
earn fewer points [43]. Performance-driven feedback has been
shown to be highly effective in the EteRNA project, where
participants modified their approach to puzzles according to
results from laboratory experiments derived from the most
effective submissions as judged by project scientists [9].

Performance-related feedback can also be combined with Gold
Standard data; entities for which the ‘correct’ response is
already known. By asking participants to classify these im-

ages, project administrators can compare responses to the pre-
determined expert response in order to provide feedback to
participants. These gold standards may be determined in a
number of ways; Stardust@home makes use of an algorithm to
classify gold standards. These gold standards, known as ‘power
movies’ were periodically shown to participants, who received
feedback by email (or within a report within the classification
interface) detailing the number of power movies found, the num-
ber missed and a numerical score to describe their performance.
CosmoQuest projects took a similar approach, using expert clas-
sified gold standards, with participants given a numerical score
for their performance. SpaceWarps made use of simulations,
with textual pop-ups indicating correct/incorrect responses.

In 5 projects, performance-related feedback took the form of a
test. Stardust@home prospective participants must pass a test to
contribute to the project, by proving their ability to identify inter-
stellar dust particles within entities. Participants are informed
of correct and incorrect answers after completing the test. Each
of the 4 CosmoQuest projects also tested volunteers, interspers-
ing classifications with small tests, which provide feedback
to participants. Unlike in Stardust@home, participants do not
initially need to pass a test to contribute, but the tests encourage
participants to repeat the tutorial process if a low score is earned.

Community feedback. In addition to feedback offered by site
administrators, each of the surveyed projects offered partici-
pants the chance to provide written feedback in their community
postings. A subset of projects explicitly encouraged this form
of feedback; Stardust@home and Herbaria@home both fea-
tured long-running, ‘stickied’ forum threads with the purpose
of allowing users to give and receive feedback on classifica-
tions. Even outside of these projects, feedback appears to be
a common usage of discussion features, with Zooniverse’s Talk
interface allowing users to tag images with classifications, as a
means of receiving feedback from other participants. The extent
to which such feedback occurs is arguable, however – studies
have demonstrated that in excess of 90% of discussion com-
ments on Zooniverse’s Talk platform have gathered no replies
[29]. Stardust@home users received direct feedback from mem-
bers of the Stardust@home science team. An area of the feed-
back page for each user contained space for comments from the
science team in response to potential interstellar dust candidates.
As with citizen-sourced feedback, however, this feedback re-
mains rare. As of August 2016, only 88 potential dust candi-
dates had been discovered since the project began and only 12
of these have feedback from members of the science team [55].

Measuring feedback. Task-contingent, quantity-based feed-
back was delivered exclusively in a quantitative form, with
projects such as SpaceWarps and Herbaria@home keeping
track of classifications in the form of a numerical score.
Performance-contingent feedback, however, was offered in
both quantitative and qualitative forms. Systems such as Star-
dust@home, EyeWire and VerbCorner kept track of numerical
scores for participants as a form of feedback. Similarly, Cosmo-
Quest participants received numerical scores after completing
gold standard classifications, as a form of feedback. Space-
Warps, conversely, made use of written, qualitative pop-ups
to provide feedback to participants on gold standard classifi-
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cations. Where feedback was provided quantitatively, it took
the form of point scores, overlapping with reward mechanisms.
However, in two of these projects (EyeWire and VerbCorner),
the method used for calculating scores was somewhat hidden
from participants, to prevent efforts to game the system. This in
turn makes ascertaining specific feedback, such as feedback on
accuracy, relatively difficult, as accuracy-based scoring could
be separated from other factors. In EyeWire, for example, ac-
curacy was expressed by removing points from a user’s score
based on any perceived inaccuracy [43]. Participants did not re-
ceive a prompt indicating the number of points removed and the
maximum score a user could receive varied between classifica-
tion entities. As a result, while feedback calculation is system-
atic, the manner in which it is expressed to participants is less so.

Rewards
Contemporary literature argues that rewards encourage people
to provide contributions. As Table 5 describes, across the
surveyed projects, rewards can be supported through a variety
of mechanisms. Rewards could be awarded based on the
quantity of responses, as task-contingent rewards, or on the
quality of responses, as performance-contingent rewards.

Rewards within the surveyed projects took one of three key
forms. Status rewards function by increasing a user’s reputa-
tion, elevating that user’s status by making other participants
aware of his/her achievements. Privilege rewards allowed
volunteers to access additional tools or task types, which other
participants with lower levels of participation could not access.
Physical rewards refer to prizes such as project merchandise.

Status rewards. The provision of reputation rewards was
common across many projects. EyeWire participants who
consistently performed at a high level of accuracy may receive
a promotion to the role of scout. Scouts are identified within the
EyeWire task interface by turquoise user names and through the
word scout within their user profile. Roles were also granted
within community features. Users of Zooniverse’s Talk were
on occasion selected to serve as moderators, receiving the
tag ‘moderator’ next to their posts. Leaderboards also served
as a status reward, particularly for users in high positions.
Leaderboard calculations varied between systems. Some
leaderboard calculations were solely task-contingent, such
as Herbaria@home, where users were ranked solely by
the number of classifications they have made. Others were

Mechanism # of projects
Status rewards: Titles/Roles 41
Status rewards: Leaderboards 11
Points 11
Task-contingent rewards 11
Public announcement of achievements 7
Status rewards: Achievements/badges 5
Physical rewards 4
Unrevealed reward calculation factors 2
Privilege rewards: Additional tasks 2
Privilege rewards: Entity selection 1

Table 5. Mechanisms which reward participants and incentivise
contributions.

performance-contingent, as in the case of EyeWire and Star-
dust@home, where user rankings used points calculated based
on accuracy. Leaderboards varied based on the time-scale
over which ranks were calculated. Herbaria@home rankings
described user contributions over the entire life of the project,
while Stardust@home rankings were divided into seasons.
EyeWire rankings were divided into three short-term categories:
“today”, “this week”, and “this month.”. Old Weather featured
a rank system which served similarly to task-contingent
leaderboards. As participants completed classifications within
a given collection of entities, their number of classifications
was compared with that of other users.

We found a number of platforms used badges/achievements
to encourage contribution. These were awarded to participants
for achieving particular goals within systems. Each collection
within Notes from Nature, for example, had associated badges.
These badges were entirely task-contingent; participants earned
badges by completing a given number of classifications. Sim-
ilarly, the EyeWire forum made use of task-contingent badges,
with participants receiving badges for completing specific
forum activities such as creating a post; editing a post or liking a
post. The EyeWire classification task featured similar but more
complex achievements. Achievement requirements are not ad-
vertised to participants and instead users discover achievements
as they classify. Requirements may be task-contingent (such as
completing a tutorial) or performance-contingent (such as earn-
ing a certain number of points or a certain level of accuracy.)

Privilege-driven rewards. Privilege rewards were often linked
to status rewards; participants receive privileges either as an
indication of their status within the community, or alongside a
status reward. EyeWire roles, for example, had accompanying
privileges, unlocked when users were promoted to a given role.
Scouts were able to inspect any entity within a collection, rather
than having to rely on automatic assignment. Similarly, mod-
erators in Zooniverse talk were able to moderate discussions
by carrying out activities such as deleting posts, something
ordinary users are unable to do. In all cases, roles granted priv-
ileges in community-based activities. EyeWire role recipients
received special indications in the live IM-style chat function
and special chat tools. Similarly, Zooniverse’s moderators
received special tools and capacities to moderate discussions,
while receiving an indication of their moderator status. Other
privilege rewards served independently of status rewards. The
VerbCorner project allows users who have completed a certain
number of contributions to unlock additional task types.

Physical rewards. Physical rewards were particularly rare
among the projects surveyed. Only four systems offered
physical rewards, in the form of physical prizes. Rather than
using physical rewards for regular forms of participation,
these rewards were only available temporarily and only for
a very small number of users, who were responsible for
particular achievements, or outright winners of a challenge.
Moon Mappers offered up to 20 physical rewards during its
Million Crater Challenge, for the user responsible for each
100,000th classification and ten randomly selected users.
EyeWire, meanwhile, ran a week long Camp EyeWire event,
with challenges based on accuracy and challenges unrelated to
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the project (such as a trivia quiz). Each challenge awarded both
physical rewards (in the form of EyeWire-related merchandise)
and bonus points to the winners and runner ups.

Reward exploitation. One issue posed by rewards is the danger
of exploitation. With the introduction of rewards, some users
shift their focus to achieve maximum rewards with minimum
effort; completing tasks inaccurately or otherwise gaming the
system. Certain projects aimed to counteract this by rewarding
users on an unpredictable schedule and obfuscating reward
criteria; a method employed by both EyeWire and VerbCorner.
The points awarded to EyeWire users were calculated based on a
number of dimensions, from accuracy to time. However, while
spending more time on a classification was associated with a
higher score, time-related points were capped at an unspecified
value, making it difficult for users to accumulate points from
delaying classifications. Further, an explanation of how
points are calculated was kept relatively vague [43]. Similarly
VerbCorner users received bonus points while contributing,
but the requirements for bonus points were not publicised
[2]. LandscapeWatch Southampton features task-contingent
rewards in the form of points. However, point scores are
non-linear and users are not informed how points are calculated.

DISCUSSION
In this section, we discuss two areas which are relevant to the
ongoing debates in citizen science and online community litera-
ture as identified during the literature review process: platform
design for microtask- and community-orientated support, and
factors to measure successful citizen science projects.

Microtask-Orientated vs Community-Orientated Features
Based on our structured walkthrough of 48 citizen science
projects, we have observed common features and design
patterns across the projects. By framing our analysis around
4 themes, namely: task visibility, goals, rewards, and feedback,
we observed a spectrum of features pertaining to the manage-
ment of two critical components; the task, and the community.

We have structured our results around four separate themes for
purposes of clarity, and to reflect existing online community
framework literature. It is however clear, that these four themes
are highly coupled with each other. Each component is integral
not only to ensuring user engagement, but also to improving
and maintaining consistency and accurate results. Approaches
to goal-setting and reward provision are closely linked to
the way in which microtasks are presented to participants.
Furthermore, it is these goals and rewards which determine
the type of feedback which should be provided to users, as well
as the form this feedback should take.

In light of our observations and analysis, our findings suggest a
closer connection between microtask and community features
than has previously been considered. While rewards predom-
inantly result from engagement with and completion of project
microtasks, their value predominantly results from community
prestige: leaderboards, badges and titles, for example. In some
cases, titles and roles were granted, conferring community-
related privileges (for example, the opportunity to moderate
conversations, or to interact with users requiring guidance),
based on microtask contributions. Goals attached to deadlines,

for example, are attached to the completion of classifications
and even meta challenges, aimed to maintain projects through
community action may result in increased rates of microtask
completion. Furthermore, interaction with fellow community
members fulfils an important role, particularly in those projects
which lack other feedback mechanisms.

In the systems we have studied, the design of the microtask, and
the features which provide the interaction layer are vastly differ-
ent. As the analysis has revealed, the various systems provide
different levels of interaction with the microtask component of
the citizen science project. Automatic microtask selection was
a dominant feature in many of the projects, despite existing liter-
ature suggesting that participant performance may be increased
when manual selection of microtasks are possible [22].

With regard to automatic selection, by identifying user
strengths, it is proposed that projects could be made more
efficient, with users shown entities which are related to
these strengths, rather than random entities. Similarly, by
understanding appealing classification entities, users could be
offered a greater proportion of entities which interest them, with
an aim of ensuring they remain motivated throughout the life
of the project. Within the Zooniverse platform, there have been
proposals and experiments conducted to implement features
surrounding this area, along 3 dimensions: user ability, user
interest and maximising user motivation [26], however due to
the complexity of microtask-assignment, the algorithm used by
the Zooniverse makes use of random assignment of entities [50].
Furthermore, there is a trade-off here: allowing participants to
select their own tasks has the danger that classifications become
disproportionate, and certain resources are never selected. An
alternative to this would be to design the task selection as a
mix of automation and manual selection. EteRNA is a good
example of such a workflow, where participants can select
tasks from a pool of pre-assigned resources.

As our analysis revealed, community-supported task selection
was not favoured, and was not used (as the main mechanism) by
any of the projects. Existing studies have shown projects which
have strong communities tend to be more successful, generating
more classifications, and taking less time to complete project
goals[29, 59]. Whilst we found projects such as EyeWire
enabling users and admins to recommend specific tasks to work
on individually and via teamplay mode (this is not the main
approach, random assignment is dominant), there is very little
effort towards letting the crowd assign the tasks, or at least rec-
ommending tasks for participants to complete. We also see this
highly relevant to the lack of user-operated tools, which provide
control and power to the user with respects to completing tasks,
or more generally, interacting with the system. In studies of non
citizen science online communities, user tools have been shown
to improve overall success of the platform [22]. For citizen sci-
ence, tools to enable users to monitor and track their work could
enable new modes of operation, facilitating the discovery of
tasks which may be relevant to a player, clustering like-minded
players based on their skills and past classification history, or to
help the serendipitous discovery of scientific knowledge [59].
Moreover, such tools can also be coupled with the community,
allowing collaborative task workflows to emerge.
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Closely related to the task visibility is the implementation and
integration of feedback mechanisms to provide participants
with guidance and reassurance on their contributions. As our
analysis reveals, feedback mechanisms were not a common
feature, despite users requesting such features (e.g. Galazy Zoo
users [39]). Roy et al., [44] note the importance of feedback
mechanisms for maintaining user engagement and motivation
in citizen science initiatives. However, providing feedback is
complex and often difficult as many of the tasks do not have
a correct answer [60]. Overcoming the difficulty of providing
timely and meaningful feedback can be achieved via a number
of methods beyond automated methods; as Kraut et al. [22]
describe, community-driven, discussion based feedback is
often a suitable method when it is difficult to obtain repeatable
quantitative systematic feedback. As a number of projects have
shown, community-driven feedback can yield highly valuable
results, such as unanticipated scientific findings [5]), or in
projects such as EyeWire, where features like the real-time chat
interface, have helped harness the expertise and knowledge
of long-term members to encourage newcomers, and facilitate
the crowdsourced answering of players.

Goals and rewards are also major components to be consid-
ered for a citizen science project. These depend on the type of
task, and more importantly, the decisions made at the initial
stage of designing the platform. Considering the projects re-
viewed, the use of gamification elements, such as leaderboards,
points, badges, and status are important design decisions that
have to be made, which have implications for the future of the
projects marketing, community management, and maintenance
(socially and technically). These decisions also have implica-
tions on the community component of a project; for instance,
in EyeWire [58, 57], competitive elements encourage participa-
tion. Such phenomenon has been observed elsewhere in other
online community platforms [64], where up to three times as
many contributions were found when suitable goals and rewards
were used. Given the strong intrinsic motivations to partici-
pate [41, 57], designing these features with a strong emphasis
towards community engagement is beneficial to a projects suc-
cess. Even where gamification and competition is integral to
the design of the platform (c.f. EyeWire), participants use their
elevated-privileges to further support their fellow participants.

Success factors for Citizen Science
Citizen science is a diverse and growing field, with a range of
task types and scientific goals. Perhaps because of this, there
is currently no universally accepted set of criteria for defining
project success. Those studies which have attempted to define
such criteria generally apply to a given project, platform or
context, such as the work of Cox et al. which utilises Zooniverse
as a basis for success criteria [7]. To determine success metrics,
we identified common measures discussed within CS literature,
as identified during our literature review, which may serve as
a basis for such success metrics. While there is no commonly
accepted framework, we believe these measures describe
common aims across citizen science projects.

Engagement (i) – Number of people reached

One commonly cited statistic within CS literature concerns
the number of users which a given project has engaged and

who have contributed to the project, both through microtask
and community contributions. Within our survey, goals and
rewards are the mechanisms most likely to achieve such
impact, although this metric was not a significant factor in
the selection of these themes. The successful Save Snapshot
Serengeti campaign achieved a significant impact, reaching
thousands of users a day and even the general public, by setting
goals for users to share project materials [21]. While goals and
rewards are common in online CS projects, we notice a focus
on microtask completion, rather than community engagement
goals and rewards. We suggest that increased use of goal setting,
particularly community-based goals, as well as increased use
of community-based rewards will lead to increased project
engagement. In particular, meta-campaigns and social media
sharing campaigns are a simple, yet effective method for
reaching people outside of the community of participants [59].

Engagement (ii) – Number of contributions received

A further measure of successful engagement is the number
of classifications recieved by a project. Any CS project must
receive a minimum number of classifications to meet its goal
and facilitate scientific research. Moreover, increasing the
volume of contributions received by increasing engagement
may confer further advantages, such as allowing for increased
accuracy through the aggregation of results (see for example:
[53]). Similarly, contributions to discussion platforms can
serve as a second path to scientific discoveries (see for example:
[5]). Our results show that the task visibility mechanisms used
support microtask completion, but are less effective for com-
munity contributions. This is reflected in the large percentage
(>90%) of Zooniverse Talk comments which lack responses
[29]. It is our view that increased use of community-related
task visibility mechanisms and ensuring equal rewards for
both microtask and community contribution will increase the
number of contributions received within community features,
increasing volunteer engagement. Furthermore, effective
use of feedback can positively contribute to the number of
contributions received from volunteers in VCS projects [1, 51].

Accuracy and Quality – Validity of results gained

In order for CS results to be used for scientific research,
they must be accurate. CS projects must therefore positively
reinforce correct contributions from volunteers. Within our
survey, both feedback and rewards were identified as playing
the greatest role in allowing project design teams to ensure
the accuracy of contributions, not only ensuring that results
are corrected in real time, but also correcting participants
to ensure the accuracy of future contributions. Feedback
and reward mechanisms are popular components in the CS
projects surveyed, with a general focus on task-contingent,
quantity-based feedback. Performance-contingent feedback,
however, was less common. Instead of focusing solely on
quantity of microtasks completed, we recommend shifting
these mechanisms to assess quality of contributions, as a means
of improving project accuracy. We note that projects must
often assess accuracy before publishing data, by comparison
with gold standards or through calculation of other metrics
(see for example: [53, 27]). A simple mechanism for providing
performance-based feedback would be to carry out such
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a process earlier, in tandem with volunteer contributions,
allowing for the results to be shared with volunteers on an
ongoing basis, in the form of performance-based feedback.
While generating such feedback can be complex, we note that
even relatively simple feedback such as points can be a useful
measure for volunteers when determining how well they are
performing and when attempting to improve [11]. Wider com-
munity feedback can also be an important source of increased
accuracy. The project iSpotNature, which relies exclusively
on community-derived feedback, identified increases in the
accuracy of metadata attached to submissions in 57% of cases
[48]. Conversely, such an approach alone may be insufficient
to ensure accuracy - despite the relatively high overall accuracy
(96.6%) achieved by the Snapshot Serengeti project, which
also features only community-based feedback, certain species
feature much lower accuracy rates, in cases as low as 33%,
with rarer species more likely to result in false positives [53].
We observe that determining the effectiveness of such feedback
is further complicated by the difficulties in receiving responses
identified within project literature (see for example: [29, 59]).

Design Recommendations
Designing online citizen science projects is a complex process,
with individual design decisions impacting a number of factors,
including volunteer engagement and motivations, data quantity
and quality and the research outcomes of a project.

In terms of task visibility, we identified 6 mechanisms among
the surveyed projects for identifying discussions in need of
contributions. However, in contrast to task-related mechanisms,
these mechanisms did not ensure equal attention is given to
each task, as these mechanisms provided little support for
volunteers in identifying those threads most in need of attention.
The most common mechanism, notification of most recent
activity is unsuited for the asynchronous nature of many of
the platforms identified, requiring volunteers to observe the
platform around the time a post is made to be able to see it.
Similarly, while free selection of discussion threads allows
volunteers to find discussions of interest to themselves, the
large number of posts involved in many projects increases the
likelihood that some posts will go unseen. In just 7 months,
Snapshot Serengeti generated 39,250 discussion posts, while
SpaceWarps generated 20,978 posts in 2 months [29]. Other
mechanisms require users to specifically seek out threads and
subscribe in order to see further responses.

As an alternative, we propose enabling volunteers to order
posts according to the number of replies that a post has received.
Evidence from both Zooniverse and FoldIt suggests that
volunteers fulfil specific roles when engaging in community
discussions, including answering and contributing to questions
and open discussions [9, 58]. By simplifying the process
of finding such discussions, we believe that volunteers will
be able to reduce thread response-times and the number of
unanswered threads with minimal input from project scientists.

Setting suitable goals for challenges is a difficult process. If
goals are too simple or deemed unachievable by volunteers,
then they can negatively impact the number of classifications
volunteers submit [25, 28]. Levels of engagement can be
extremely unpredictable, as in the case of the Andromeda

Project, a Zooniverse citizen science project where volunteers
successfully completed over a million classifications in just
two weeks, a feat that was expected to take two months [17].

We therefore propose the use of meta-challenges, surveys and
community-based competitions, instead of challenges explic-
itly linked to task-completion. These challenges have shown to
be effective in attracting volunteers to projects and increasing
the completion of task classifications. Furthermore, such
challenges can provide fund raising opportunities, gathering
resources for projects while at the same time not requiring the
heavier time or money investments that may be associated with
classification challenges. This is particularly valuable given
that task-based challenges were often coupled with physical
prizes and that successful use of such challenges requires
time investment and careful monitoring from community
moderators and design teams [22].

Differing forms of feedback serve different, but equally
important roles, in positively re-enforcing volunteer behaviour.
Performance-contingent feedback is essential for complex
tasks, allowing volunteers to identify whether they are con-
tributing correctly [11]. Task-contingent feedback is equally
valuable, in reassuring volunteers that their contributions are
valued and used by scientists [51]. Furthermore, both forms
of feedback serve to reinforce the function of goals, allowing
volunteers to follow their progress with respect to other
volunteers and goal deadlines [22]. Feedback is particularly
valuable in VCS, where doubt has been cast on the use of
tutorials as a means of training volunteers. Starr et al note that
video-based, online tutorials can be as effective as in person
training for citizen science tasks [52]. However, Newman
et al note that such training is unsuitable for more complex
skills and tools, which volunteers struggle with even after
completing the tutorial process [34]. This is further exacerbated
by the unwillingness of many volunteers to complete the
tutorial process, reducing the size of the community [10], or
necessitating the use of non-compulsory tutorials [59].

We recommend that projects deliver both task- and
performance-contingent feedback. Task-contingent feedback
should be delivered predominantly through automated calcu-
lations, providing volunteers with dashboard-style statistics on
project completion, or with more competitive projects, through
leaderboards and point calculations. This allows volunteers
to receive updates in real-time, while also reducing the overall
workload for project scientists. Performance-contingent
feedback is more complex, as noted, due to the lack of ’correct’
responses. We suggest a trade-off between the accuracy
of feedback and the level of workload required of project
scientists. In its simplest, but least accurate form, projects can
compare responses with the majority opinion. More accurate
feedback can be generated by creating a gold-standard set of
images with which volunteers responses can be compared,
but such an approach requires the investment of time before
projects launch. Furthermore, as the number of entities within
a project increases, further attention is required from project
scientists if the level of feedback offered is to remain consistent.

As with goals, rewards have the potential to negatively impact
volunteer behaviour, reducing motivation and encouraging
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users to game the system to receive maximum rewards from
minimum effort [10, 22]. Such effects are associated with
specific forms of reward: physical rewards and task-contingent
reward structures are more likely to encourage such behaviour
than status rewards, particularly for those who are less invested
in the community [22].

We therefore propose that rewards should be performance-
contingent, encouraging volunteers to create quality submis-
sions, rather than a large quantity of lower quality submissions.
In this way, rewards can serve as a further feedback mechanism,
re-enforcing positive behaviour and allowing volunteers to mon-
itor the quality of their own contributions. Status rewards should
be utilised to reduce the likelihood of negative behaviours,
while also reducing the resources required to produce rewards -
physical rewards are likely to be costly, which is problematic for
VCS projects. By monitoring the status awarded to volunteers,
project scientists can identify those volunteers who are most
dedicated to the project and confer on them specific roles such as
moderator. Evidence from Zooniverse’s Talk system suggests
that volunteer moderators can be highly effective in identifying
and flagging topics which require attention from science teams,
reducing the effort required of project scientists while helping
to ensure that discussions do not go unanswered [59].

Limitations
The facets discussed within this work are only a small subset
of the vast number of dimensions for online community
success discussed within the literature. While we have selected
those deemed most salient, it is clear that many other factors
must be considered in designing and building successful
community-based online citizen science projects. One such
area is the implementation of gamification. A number of
gamified aspects have been identified within this survey, such
as user motivation, leaderboards, point scores, badges, and
ranks. This is particularly significant within the Games With
A Purpose such as EteRNA, Phylo and FoldIt. While our work
has focused on the use of online community mechanisms, other
studies suggest gamification may also play a key role. Mekler
has demonstrated that gamification elements affect the level
and form which engagement in CS takes, while Bowser et al
suggest gamification may be key to attracting demographics
such as millenials to CS projects [31, 4].

We also are aware of the limitations pertaining to identifying im-
pacts on project success. Due to the observational methodology
utilised within this work, it is not possible to directly quantify
the effect that the use or lack of a given mechanism has had on
particular success metrics. However, identifying quantitative
measures for certain design decisions is also a difficult
process even were a differing methodology to be employed –
particularly in citizen science, where a number of compounding
factors such as volunteer interests may exist. We believe this
is an area for further research, although such research will need
to consider precise measures for the effects of such decisions.

RELATED WORK
In this section we discuss related work which has contributed to
our research. We highlight the contributions that these studies
have made to the research process and outlining the ways in

which our work builds on and otherwise deviates from the
existing literature.

A similar study concerning factors impacting the quality and
quantity of contributions to online citizen science projects was
conducted by Nov et al [35]. The authors looked at 3 sys-
tems, Stardust@home, The Citizen Weather Observer Program
(CWOP) and The Berkeley Open Infrastructure for Network
Computing (BOINC). In particular, the analysis conducted by
Nov et al concentrated on the impact of individual motivational
factors and forms of motivation on levels of contribution and the
quality of contribution, in terms of Collective, Norm-Oriented
and Intrinsic Motives, as well as Reputation. While all four mo-
tives were found affect the quantity of contributions received,
only collective motives and reputation were found to positively
influence the quality of submissions. We note the similar ques-
tions raised by this research and utilised this study in the liter-
ature review which formed the evidence basis for the analysis
outlined within the discussion section of this paper. However,
our research differs also differs greatly from that of Nov et
al, drawing on a larger selection and wider range of projects.
Furthermore, our work has an online communities and design
focus, informed by the design decisions underlying the projects
studied and the wider online community and citizen science
research informing and describing the results of such decision.

Kullenberg and Kasperowski conducted a large-scale analysis
of citizen science literature, drawn from the Web of Science
database [23]. This analysis drew on two datasets of publi-
cations, one comprised of 1935 items and one of 633 items,
in order to conceptualise citizen science and the processes
and aims associated with it. This work provided important
insights into the literature review process used, including
the keywords selected and identifying methods for removing
irrelevant papers, false positives and negatives and other
outliers generated through the search methods used. While
our work shares some similarities with that of Kullenberg and
Kasperowski, we drew on a comparatively smaller, but more
varied body of literature, using a larger range of databases.
In addition, our search terms focused exclusively on online
citizen science projects, in contrast with the more general focus
of the search conducted by Kullenberg and Kasperowski.

CONCLUSIONS
In this paper we performed a systematic structured walkthrough
of 48 citizen science projects to investigate common features
implemented in such platforms. Based on our analysis, we
identified a number of relevant design claims for motivating
user contributions, across the themes of task visibility, goals,
feedback, and rewards.

Online citizen science projects serve as a unique form of
online community and an understanding of such systems
continues to emerge. As with all online communities, citizen
science projects face challenges with regard to encouraging
contributions from users, both in the form of the microtask
component of a project, and community participation. Citizen
science communities face further unique challenges with
regard to ensuring the validity of data and justifying the use
of a crowdsourced, citizen science-based approach.
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Our analysis has demonstrated a close connection between task
and community aspects of CS projects, previously considered
to be separate dimensions. We have further identified links
between the use of online community design principles and CS
project success metrics, although we recommend that further
consideration should be given to how design decisions and
the inclusion of features may impact these metrics. One key
area for future work will be exploring quantitative measures for
specific design decisions, to allow for more informed decision
making in CS design.
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Wendy Hall. 2016. “Science is Awesome”:Studying
Participation in a Citizen Science Game. ACM Web
Science Conference 2016 (2016).

58. Ramine Tinati, Markus Luczak-Rösch, Elena Simperl,
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APPENDIX

List of Projects Surveyed
Project Name Project URL Community Features
Annotate https://anno.tate.org.uk Talk (Zooniverse Custom Platform)
Asteroid Mappers https://cosmoquest.org/?application=vesta_mappers/ Discussion Board Forum
Asteroid Zoo http://www.asteroidzoo.org Talk (Zooniverse Custom Platform)
Bug Guide http://bugguide.net/ Discussion Board Forum
Chicago Wildlife Watch http://www.chicagowildlifewatch.org Talk (Zooniverse Custom Platform)
Chimp and See http://www.chimpandsee.org Talk (Zooniverse Custom Platform)
Condor Watch http://www.condorwatch.org Talk (Zooniverse Custom Platform)
Cyclone Centre http://www.cyclonecenter.org Talk (Zooniverse Custom Platform)
Disk Detective http://www.diskdetective.org Talk (Zooniverse Custom Platform)
EteRNA http://www.eternagame.org Live Instant Messenger Chat, Discussion Board

Forum, Wiki
EyeWire http://eyewire.org/ Live Instant Messenger Chat, Discussion Board

Forum, Wiki
Floating Forests http://www.floatingforests.org Talk (Zooniverse Custom Platform)
FoldIt http://fold.it/portal/ Discussion Board Forum, Wiki
Fossil Finder http://www.zooniverse.org/projects/adrianevans/fossil-

finder/
Talk (Zooniverse Custom Platform)

Galaxy Zoo http://www.galaxyzoo.org Talk (Zooniverse Custom Platform)
Galaxy Zoo Bar Lengths http://www.zooniverse.org/projects/vrooje/galaxy-zoo-

bar-lengths/
Talk (Zooniverse Custom Platform)

Herbaria@Home http://herbariaunited.org/atHome/ Discussion Board Forum
Higgs Hunters http://www.higgshunters.org Talk (Zooniverse Custom Platform)
Instant Wild http://www.edgeofexistence.org/instantwild/ Comment Listing
iSpotNature http://www.ispotnature.org Discussion Board Forum
Landscape Watch Hampshire http://www.hampshire.landscapewatch.com/ Discussion Board Forum
Mars Mappers https://cosmoquest.org/?application=mars_simply_

craters
Discussion Board Forum

Mercury Mappers https://cosmoquest.org/projects/mercury_mappers Discussion Board Forum
Milky Way Project http://www.milkywayproject.org/ Talk (Zooniverse Custom Platform)
Moon Mappers https://cosmoquest.org/?application=simply_craters Discussion Board Forum
Notes From Nature http://www.notesfromnature.org Talk (Zooniverse Custom Platform)
Old Weather http://www.oldweather.org Discussion Board Forum
Operation War Diary http://www.operationwardiary.org Talk (Zooniverse Custom Platform)
Orchid Observers http://www.orchidobservers.org Talk (Zooniverse Custom Platform)
Penguin Watch http://www.penguinwatch.org Talk (Zooniverse Custom Platform)
Phylo http://phylo.cs.mcgill.ca/ Discussion Board Forum
Planet Four http://www.planetfour.org Talk (Zooniverse Custom Platform)
Planet Four: Terrains http://www.zooniverse.org/projects/mschwamb/planet-

four-terrains/
Talk (Zooniverse Custom Platform)

Planet Hunters http://www.planethunters.org Talk (Zooniverse Custom Platform)
Plankton Portal http://planktonportal.org/ Talk (Zooniverse Custom Platform)
Radio Galaxy Zoo http://radio.galaxyzoo.org Talk (Zooniverse Custom Platform)
Science Gossip http://www.sciencegossip.org Talk (Zooniverse Custom Platform)
Season Spotter Image Marking http://www.zooniverse.org/projects/kosmala/season-

spotter-image-marking
Talk (Zooniverse Custom Platform)

Season Spotter Questions http://www.zooniverse.org/projects/kosmala/season-
spotter-questions

Talk (Zooniverse Custom Platform)

Snapshot Serengeti http://snapshotserengeti.org/ Talk (Zooniverse Custom Platform)
SpaceWarps http://spacewarps.org/ Talk (Zooniverse Custom Platform)
Stardust@Home http://stardustathome.ssl.berkeley.edu/ Discussion Board Forum
Sunspotter http://www.sunspotter.org Talk (Zooniverse Custom Platform)
Verb Corner http://gameswithwords.org/VerbCorner Discussion Board Forum
Whales As Individuals http://www.zooniverse.org/projects/tedcheese/whales-

as-individuals
Talk (Zooniverse Custom Platform)

Wildcam Gorongosa http://www.wildcamgorongosa.org Talk (Zooniverse Custom Platform)
Wildebeest Watch http://www.zooniverse.org/projects/aliburchard/

wildebeest-watch/
Talk (Zooniverse Custom Platform)

Worm Watch Lab http://www.wormwatchlab.org Talk (Zooniverse Custom Platform)
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“A Game Without Competition is Hardly a Game”:
The Impact of Competitions on Player Activity in a Human Computation Game

Neal Reeves and Peter West and Elena Simperl
Web and Internet Science, Electronics and Computer Science, University of Southampton

Abstract

Virtual citizen science (VCS) projects enable new forms of
scientific research using crowdsourcing and human compu-
tation to gather and analyse large-scale datasets. To attract
and sustain the number of participants and levels of participa-
tion necessary to achieve research aims, some VCS projects
have introduced game elements such as competitions to tasks.
However, we still know very little about how some game
elements, particularly competitions, influence participation
rates. To investigate the impact of game elements on player
engagement, we conducted a two-part mixed-methods study
of EyeWire, a VCS game. First, we interviewed EyeWire de-
signers to understand their rationale for introducing competi-
tions. Guided by their answers, we analysed two datasets of
EyeWire user task contributions and chat logs to assess the
effectiveness of competitions in achieving designers’ goals.
Our findings contribute to the growing understanding of how
competitions influence participant activity in human compu-
tation initiatives and socio-technical systems such as VCS.

Introduction
Virtual citizen science (VCS) projects are a form of hu-
man computation, which draws on large-scale crowdsourc-
ing methodologies to gather and analyse datasets for scien-
tific research purposes (Wiggins and Crowston 2011). As
modern technology has enabled and demanded the collec-
tion of large volumes of data and images, traditional scien-
tific workflows where small teams of scientists collect and
analyse data have becoming increasingly insufficient (Lin-
tott et al. 2008). The use of citizen science methodologies
has been increasingly suggested as a solution to such issues,
with participants preparing datasets or training algorithms
for future research use (Khatib et al. 2011; Lintott et al.
2008). Relying on the ‘wisdom of crowds’, VCS initiatives
serve as socio-technical systems, which draw on a combina-
tion of human and machine agents to generate and process
data (Jennings et al. 2014; Michelucci 2013). Furthermore,
projects serve as online communities, where participants
may use computer-mediated communication platforms to in-
teract with one another and further engage with scientific re-
search (Luczak-Roesch et al. 2014; Østerlund et al. 2014;
Oliveira, Jun, and Reinecke 2017).

Copyright c© 2018, Association for the Advancement of Artificial
Intelligence (www.aaai.org). All rights reserved.

However, as with other human computation initiatives,
designing suitable VCS projects remains a pervasive re-
search topic. Projects must balance a number of trade-offs to
generate sufficiently accurate data, while attracting and sup-
porting large communities of participants in undertaking un-
familiar and potentially complex tasks (Tinati et al. 2015b).
Datasets may consist of hundreds of thousands to millions
of artefacts, each potentially requiring analysis by multiple
participants to ensure the validity of responses (Tinati et al.
2015b; Wiggins et al. 2011). As with many other web-based
collaborative communities, a minority of participants often
produce the majority of contributions, with a large propor-
tion of users contributing for single, brief sessions (Pon-
ciano et al. 2014; Sauermann and Franzoni 2015). To ad-
dress problems, an increasing number of projects are turn-
ing to gamification and game elements as a means to attract
and sustain volunteer engagement with VCS and increase
levels of participation (Bowser et al. 2013; Curtis 2014;
Reeves et al. 2017).

Yet the use of gamification for human computation is
not without its challenges. The effectiveness of game ele-
ments depends on the context of platforms and the person-
ality characteristics of participants (Jia et al. 2016; 2017).
Gamified elements often introduce extrinsic reward mech-
anisms such as points, badges and physical prizes (Reeves
et al. 2017; Seaborn and Fels 2015). However, studies have
shown that participants have different motivations; while
some align well with these elements (Jia et al. 2016), other
volunteers’ intrinsic motivations are negatively impacted by
the use of extrinsic factors (Greenhill et al. 2016). This is
problematic in VCS, where projects predominantly rely on
volunteers’ intrinsic motivations to encourage and motivate
contributions (Cox et al. 2015; Rotman et al. 2012). In par-
ticular, we know less about the effects of competitive game
elements such as global leaderboards and contests. Introduc-
ing competitive elements has been observed to make tasks
stressful and demotivating, as individual players gain unas-
sailable leads over fellow participants (Eveleigh et al. 2013).
The impact of point-based game design and the use of inter-
player competitions has been suggested to be minimal, in
contrast to narrative and framing devices (Lieberoth 2015;
Mekler et al. 2013a; Prestopnik and Tang 2015). Specific to
VCS, game elements risk presenting simplistic ideas of sci-
entific research (Sandbrook, Adams, and Monteferri 2015),



negatively influencing engagement in VCS (Eveleigh et al.
2013; Ponti, Hillman, and Stankovic 2015).

In this paper, we explore the impact of competition events
in EyeWire1, a Virtual Citizen Science Game With a Pur-
pose. We first conduct a series of structured reflection inter-
views with six key members of the EyeWire project team,
in order to identify the factors motivating the implementa-
tion of competition events within the project. Using the re-
sults of this interview process as an analytical framework,
we then assess the effectiveness of competitions held within
a one year period compared with non-competitive periods,
across factors such as number of contributions, number of
participants, performance of additional tasks and social in-
teraction. Our work builds on previous research in this area
by drawing on the experiences of VCS designers and offer-
ing quantitative evidence of the impacts of competitions on
player activity levels in VCS.

Background and Related Work
Citizen Science
Citizen science (CS) describes the engagement of volunteer
participants in the scientific research process (Dickinson,
Zuckerberg, and Bonter 2010). Volunteers undertake sev-
eral activities, including data collection, classification and
analysis (Tinati et al. 2015b). In some forms of citizen sci-
ence, participants may even co-design experiments and re-
search questions, drawing conclusions and publishing find-
ings (Haklay 2013). As access to the Web has grown, so has
a new form of citizen science: Virtual Citizen Science. In this
form, rather than gathering data and making records, par-
ticipants contribute their knowledge through crowd-sourced
human computation activities, delivered through web-based
and mobile portals (Wiggins and Crowston 2011).

As a human computation process, VCS is characterised
by a number of tradeoffs between factors such as engage-
ment, ease of use and data quality (Aoki et al. 2017;
Sprinks et al. 2015b). For example, while VCS introduces
new concepts and tasks, completion rates of tutorials are
low, resulting in trade-offs or the need to support human
computation through algorithms and software (Mattos et al.
2014). Findings from a survey of participant motivations in
the Zooniverse platform carried out by Sprinks et al suggest
that players require feedback to resolve task performance
concerns and to feel valued (Sprinks et al. 2015a).

VCS is also highly dependent on the suitability of tasks
provided to volunteers. Breaking overarching macrotasks
into smaller, repeateable microtask actions is a distinct chal-
lenge - one that has been shown to increase the overall time
taken to complete tasks, yet lead to an increase in the qual-
ity of outputs and user experience (Cheng et al. 2015). De-
sign decisions must also consider a wide variety of factors
and draw on a number of skillsets and array of disciplinary
knowledge. Tinati et al. synthesised design recommenda-
tions from interview sessions with key members of the de-
sign team responsible for the Zooniverse platform (Tinati et
al. 2015b). These recommendations show the interplay of

1https://EyeWire.org/explore

complex and potentially unpredictable factors in motivating
VCS engagement. Beyond engagement, VCS projects are
also subject to a variety of data quality and accuracy con-
cerns. Participants can nonetheless be a valuable resource
for ensuring the validity of responses, but this increases the
workload expected of the community and thus requires fur-
ther engagement. For example, repetition of individual mi-
crotasks by multiple users is a common form of data valida-
tion in VCS (Wiggins et al. 2011).

Gamification
Gamification describes the use of “game elements in non-
gaming contexts” (Deterding et al. 2011). We make the dis-
tinction between gamification and the similar, yet distinct,
Games With A Purpose, where participants carry out hu-
man computation tasks as part of a casual game experi-
ence. (Siu, Zook, and Riedl 2014). While human compu-
tation initiatives such as Citizen Science projects may make
use of gamified elements (such as points and rewards) to
encourage player engagement with tasks, it is the diegetic
nature of the elements in Games With A Purpose which
sets them apart from other project varieties (Prestopnik,
Crowston, and Wang 2014). Gamification has been em-
ployed in a wide array of contexts, from education and re-
search to business and marketing (Seaborn and Fels 2015)
and a significant focus of gamification research concerns
evaluating the impact of diverse game elements in vary-
ing contexts and platforms (Jia et al. 2017; Kumar 2013;
Mekler et al. 2013b).

A diverse set of studies have considered the role that gam-
ification and games play in motivating participation in a
number of human computation games (Bowser et al. 2013;
Eveleigh et al. 2013; Iacovides et al. 2013). Results from
such findings have been mixed, with players identifying
both positive and negative aspects of gamification in VCS.
However, these studies draw on survey-based methodolo-
gies and predominantly focus on qualitative measures of vol-
unteer participation, while quantitative analyses have sug-
gested that self-reported motivations do not align with vol-
unteer contributions (Mekler et al. 2013a). Our paper aims to
contribute to this area of research by providing quantiative
analysis of the impact of competitions on particpation.

We further note a number of studies and findings unre-
lated to VCS within the wider literature of relevance to our
analysis, which we seek to build on to further the under-
standing of gamification on engagement and in HCI more
broadly. Jia et al. explored the impact of individual gamifica-
tion elements on participants according to personality char-
acteristics (Jia et al. 2016). In team-based task completion,
partnering with highly effective teammates has been found
to reduce players own intrinsic motivations and perceptions
of tasks (Luu and Narayan 2017). Brouwer conducted a sur-
vey of professional work teams in the Netherlands around
the subject of intra-team competition and found that such
competition has both negative and positive effects on team
performance, through increased task complexity but reduced
psychological safety (Brouwer 2016).

More specific to Games With A Purpose, but in a non-
citizen science context, Siu et al. explored the impact of



competition-based scoring and reward mechanisms com-
pared with collaboration-based reward mechanisms (Siu,
Zook, and Riedl 2014). In particular, the authors found that
intrinsic motivation and associated contest-design decisions
were key to driving participation in competitions, but never-
theless must be balanced with extrinsic factors. In a sim-
ilar domain to our research, Zheng et al. analysed moti-
vations for participating in crowdsourcing competitions in
paid microtask work, showing that engagement is linked to
the nature of contest demands (Zheng, Li, and Hou 2011).
Similarly, introducing cognitively demanding challenges to
games has been found to increase player activity, while
physically challenging tasks do not (Cox et al. 2012). Our
work seeks to build on these studies by exploring the im-
pact of adding temporary competitions to a specifically VCS
context, where both altruistic and intrinsic motivations drive
participation.

EyeWire
EyeWire is a crowdsourced citizen science Game With A
Purpose, where participants contribute to identifying the
presence of neuron cells in Magnetic Resonance images of
mouse retina, mapping each image for further research (Kim
et al. 2014; Tinati et al. 2017). Players do so by ‘tracing’ a
three-dimensional section of an imaged neuron cell by ma-
nipulating two-dimensional cross-sectional images (see Fig-
ure 1). These 3D segments are known as cubes and it is these
cubes that players submit to the project. Each cube starts
with a ‘seed’ generated algorithmically and players must
trace the path of the neuron from this seed through the cube.
Multiple players trace each cube to generate an overall con-
sensus as a means to improve the accuracy of submissions
(Kim et al. 2014).

In order to convert this relatively repetitive task into
an engaging game, EyeWire draws on a number of fea-
tures. Players earn points for each cube traced, changing
position within an integrated leaderboard, displaying daily,
weekly and monthly points earned by each contributing
user (Reeves et al. 2017; Tinati et al. 2017). The EyeWire
science team regularly organises competitions, where play-
ers contribute through the main EyeWire interface as a team
or as individuals (Tinati et al. 2017). Less frequently, the
team organises large scale events, where a number of com-
petition categories occur within a week-long period, united
by a common storyline2.

As well as the scientific task, EyeWire features a variety
of discussion platforms including an integrated instant mes-
senger chat service, forum and Wiki. Studies of chat partic-
ipation have revealed that the instant messenger chat is vital
for knowledge sharing, allowing new participants to learn
from experienced players, promoting collaboration on tasks
and encouraging players to continue to participate in Eye-
Wire (Tinati, Simperl, and Luczak-Roesch 2017) and the
chat interface is heavily used by a small but very active pro-
portion of players (Tinati et al. 2015a).

The EyeWire task is cognitively complex and demands a
significant time investment from participants to master the

2see: http://blog.eyewire.org/competitions-the-master-guide/

Figure 1: EyeWire tracing interface, showing left hand 3D
cube view with seed and tracing, right hand 2D cross-
sectional view and bottom left corner live chat overlay.

game. Rather than simply gathering or analysing data, vol-
unteers in EyeWire must solve problems: identifying un-
predictable branching neuron pathways, which span thou-
sands of cubes (Lieberoth et al. 2014; Kim et al. 2014).
EyeWire does not require participants to possess domain
expertise or previous training (Borrett and Hughes 2016;
Tinati et al. 2015a) but barriers for successful participation
in the project are relatively high as players must first de-
velop relevant skills (Lieberoth et al. 2014). Although the
game provides a short compulsory tutorial, the most success-
ful and accurate contributors have invested “tens of hours”
over the course of “thousands of cubes” (Kim et al. 2014).

Data and Methods
To begin our analysis, we first sought to understand the role
of competitions in the EyeWire project, as well as the needs
of the project scientists and conditions for project success.
To this end, we conducted a series of interviews with six
members of the EyeWire team, over the course of two days.
These participants included the project director, three ‘game
masters’ (responsible for the day to day management of
the community and monitoring manual and automated game
processes), one designer and one developer. The six indi-
viduals represent the whole of the full-time EyeWire team
and offered a diverse range of specialist knowledge about
the history and outcomes of the project.

Following an approach used in a similar study (Tinati et
al. 2015b), interviews used a structured reflection approach.
During each session, participants were encouraged to share
views, observations and experiences from the lifetime of the
project. To guide participants and to provide a starting point
for deeper discussions, we provided a series of questions
framed around three key themes, including design decisions
resulting in the use of competitions, expected and desired
behaviours and measures and metrics of project success. Af-
ter transcribing each interview, two researchers individually
coded each of the transcripts, using our initial framework of
three themes. After this process was complete, we compared
the coded transcripts and identified and corrected areas of
disagreement. From these coded transcripts, we derived a
set of hypothesised participation patterns based on the expe-
riences of the project team, which we identify as H.1 - H.6
(see Interview Results - Desired Outcomes).



Using the hypotheses outlined through the structured re-
flection process, we collected datasets from the EyeWire
platform for quantitative analyses aimed at confirming the
validity of each hypothesis. An initial dataset identified each
player who contributed to Eyewire, as well as their number
of contributions (in terms of points and cubes) for each 24
hour period from August 2016 - August 2017, including a
separate log of final scores for each competition during this
period. In response to the chat-related hypotheses put for-
ward by the team, we also gathered a second dataset over a
(91 day) period from June - August 2017. This dataset con-
sisted of a time-stamped datastream containing discussion
messages, achievements and system messages for all users
active during these 91 days. Since players can contribute to
the Trivia class through chat commands and the use of a bot
set up for this competition class, we were unable to com-
pletely access data for this competition class. As a result
and given the lack of hypotheses regarding this competition
class, we removed all visible trivia entries from the chat data
before further analysis.

For each dataset, we calculated relevant descriptive statis-
tics, including mean total player numbers, cube contribution
numbers, chat participant and chat message counts. Since
competition participation in EyeWire is entirely voluntary,
we distinguish between competitors who choose to partic-
ipate in a given competition and non-competitors who do
not. For each hypothesis (H1-H6) we defined suitable com-
parative test conditions. Using these conditions, we selected
all available data from the relevant dataset - i.e, for H1, us-
ing dataset one we selected player numbers for all days on
which competitions were held and compared these with all
days on which they were not. Given the non-normal distribu-
tions and unpaired nature of the datasets involved, we used
the non-parametric Mann-Whitney U test to evaluate each
hypothesis. We report these test statistics using the Z-test,
for ease of interpreation. A further set of additional tests (A1
- A4) were carried out to explore the impact of competitions
on non-competing players. In addition to test statistics, we
calculated a measure of effect size, Cohen’s d, for each hy-
pothesis, which we interpret using Sawilowsky’s revisions
of Cohen’s original recommendations (Sawilowsky 2009).
A summary of tests carried out, statistics and findings can
be seen in table 3.

Results - Interviews
Design Requirements
The most significant factor influencing the implementation
of regular competitions in the EyeWire project was to over-
come difficulties arising from the nature of VCS games.
During the interviews, the team described a range of char-
acteristics they associated with successful and engaging
games, which they had struggled to introduce to EyeWire.
As a VCS game, they noted that there was no end goal at
which point players could feel they had beaten the game -
no final boss to defeat or challenge to overcome.

“The ultimate reward systems, in some games, is to
give the feeling of having beaten something... Almost
no citizen science game is going to give that feeling.”

While the scientific research aims associated with VCS
serve as end goals, the team noted that research moves far
slower than many players had first assumed. As a result, in
early interactions between players and researchers, the play-
ers became disheartened at the slow rate with which research
was progressing.

“One of the players was like ‘so what have you learned
from our neurons since last time’? And I think one of
the researchers was like... ‘Oh, we haven’t even looked
at them’... It made the player feel like crap, because
‘oh man, we’ve been working so hard!’... So in a way,
to ease the burn of the slowness.”

Furthermore the highly challenging and potentially ab-
stract nature of some final research goals (for example “cur-
ing cancer”) makes them unsuitable for introduction as final
‘end point’ challenges. Due to this, the team were unable
to introduce more diegetic game elements such as narratives
and characters - a factor they felt lead to further issues, such
as a lack of progression.

“One thing that’s important for some games is to know
you’re getting better at it... [In Eyewire] there isn’t a
level system. You aren’t playing level 20 because there
is no level 20.”

In essence, they were unsure how to make the game ‘fun’.
These difficulties were highlighted during the launch of the
game, when despite initial interest in the project, contribu-
tion levels quickly fell.

“Because we launched Eyewire, there was a huge bump
in traffic and then after like, a month it just dwindled
back down and we were like ‘crap, what’s going on?’”

The team concluded that this was due to the relatively ba-
sic nature of the game and a lack of gaming and social ele-
ments. At the time, the Eyewire interface was relatively ba-
sic. Players had access to the live chat function, cube tracing
tool and a single, simplified leaderboard which reset at the
end of the day, through which players could track their point
scores.

Looking at the areas they felt to be strengths of citizen
science games, the team made the decision to leverage the
social and community aspects of the game. From this, they
identified competition and associated events as a key design
area that was lacking from Eyewire. Although the game had
some competitive elements such as points and leaderboards,
the team felt that these were insufficient for attracting partic-
ipation without competition to contextualise and offer mean-
ing to point scores.

“If Mario were going along just collecting coins it
would sort of be like ‘woo, he’s getting coins? Who
cares! The coins don’t... translate into anything!”

More specifically, given the lack of opportunities for over-
arching narratives and progression, these competitive ele-
ments were to form the basis of converting the Eyewire task
into a game:

“There were so many elements of Eyewire that were
missing. There was no competition... You know, a game



Table 1: Competition Type.
Type Description Availability

Accuracy
Happy Hour

Achieve accuracy above 80% Major

Evil Cubes Complete 12 very difficult cubes Major

Happy Hour Receive bonus for performance over two hours Scheduled, Special

Marathon Collaboratively complete cell within 24 hours Minor, Major

Team Versus Earn most points within time limit as team Minor, Major

Trivia Answer chat questions quickly and accurately Major

[like Eyewire] without competition is arguably not a
game. We had a leaderboard, but that leaderboard reset
every day.”

Leaderboards were expanded to allow players to track
their performance over periods of days, weeks and months
relative to other players. More significantly, however, play-
ers were invited to take part in ad-hoc competition chal-
lenges, where individual high-performing players would
challenge the community to identify the best EyeWire
tracer. Given the positive response to these contests, the
team expanded the competitions, introducing regular team-
based point generating challenges and regular collaborative
timed cell completion challenges. Ultimately, so-called ma-
jor competitions were introduced: week long events during
which different competition challenges are held within an
overarching diegetic narrative. Players must complete com-
petition challenges to advance the narrative and overcome
obstacles - for example, receiving clues to the identity of a
killer in a whodunnit murder mystery themed event.

In contrast with minor competitions, major competi-
tions are held less regularly (quarterly rather than bi-
weekly/monthly) and offer specific rewards such as prizes
and limited edition badges which players can display on
their player profile. While minor competitions have a theme
(for example, analogue vs digital) this theme expands only
to player team names and a blog posting accompanied by
artwork. Major competitions receive fully fleshed out nar-
ratives, with blog artwork and characters and in-game the-
matic elements such as in character chat communication
from game masters. There is no difference in the core game-
play of minor and major competition variants, or in how long
the individual competition is held for. A summary of com-
petition types can be seen in Table 1.

Desired outcomes
Unlike some other citizen science projects, where existing
work is carried out by algorithms (e.g., (Khatib et al. 2011))
or small science teams (e.g., (Lintott et al. 2008)), the re-
search team predominantly relied on paid professionals to
trace neurons prior to Eyewire. The success of EyeWire is
therefore predominantly judged in terms of cost-effectivenss
and efficiency - that is, is it more efficient to gather data
through the large-scale crowdsourcing process rather than
paying individual professionals? Initially the team found it
difficult to improve on the performance of the paid profes-
sionals, noting three key issues. The first is that the tracing

task is complex and takes time for individuals to learn to
perform traces at a high enough level of accuracy for use in
research. Two further concerns relate to the number of con-
tributors and the efficiency with which players contribute to
EyeWire. As with other citizen science platforms, a small
minority of players do the majority of the work (Ponciano et
al. 2014; Tinati et al. 2015a).

In the case of EyeWire, however, a minority of spe-
cially selected top-performing players must not only com-
plete tracing tasks, but also administrative tasks to maintain
site functionality platform. Dubbed ‘scythes’, these play-
ers are tasked with correcting inaccuracies in player traces
and marking cubes as either completed or in need of fur-
ther work. Without this work, the underlying algorithms may
generate seeds for players, known as ‘mergers’, leading to
wasted trace effort. Yet despite dedicating large volumes of
time to the platform, even these highly active users are also
fairly inefficient, dedicating a majority of their time to the
IM chat interface rather than tracing (Tinati et al. 2015a).

Given these challenges, the first outcome of introducing
competitions anticipated by the team was an increase in
the number of EyeWire players contributing cubes to the
project. In particular, the team have focussed their efforts
on major competitions which feature limited edition ‘badge’
rewards which players can display in their in-game profile,
occasional EyeWire branded merchandise prizes and the use
of e-mail to notify players, particularly lapsed and inactive
players - those who had been inactive for months or longer -
of upcoming major competitions. From these we derive two
hypotheses:

H.1 - Competitions lead to an increased number of par-
ticipants compared with non-competition periods.

H.2 - Major competitions attract more players than their
minor counterparts.

A second and perhaps unsurprising desired outcome is to
increase overall effiency and the number of cubes submit-
ted by players. While the team were generally optimistic
about the effect of competition activities on cube contribu-
tion rates, they nevertheless noted the existence of a group
of ‘lurkers’ - a proportion of the EyeWire player base who
contribute in a steady manner and are unaffected by com-
petitions or other efforts to increase their participation in
the game. For this reason, the team stated their opinions
that competition effectiveness would be largely dependent
on whether players chose to participate or not.

H.3 - Competitions lead to increased cube contributions
over non-competition periods.

H.4 - Levels of cube contribution from non-participating
players are unaffected by competitions.

The third outcome described by the participants was to in-
crease participation within the IM chat interface. When in-
troducing competitive elements, the team also strengthened
social aspects of the project to create an engaging game at-
mosphere. The most important of these elements was use
of the IM chat interface. The team described two key aims
of chat participation: increasing participation in EyeWire by
providing an interruption from task completion which could
otherwise prove monotonous and improving player perfor-
mance by answering queries and through specially selected



Table 2: Daily mean statistics for Each Competition class
(Dataset 1) * - Chat statistics unavailable for happy hour ex-
tra class due to a lack of instances of this class.
Type Players Percent

Compet-
ing

Cubes Chat Par-
ticipants

Chat
Messages

Percent of
messages

from com-
petitors

Acc HH 238.67 25.24% 5395.83 78.50 1606.00 70.21%

Happy (Sched) 153.61 34.94% 4179.94 41.57 746.35 78.29%

Happy (Extra) 133.15 38.44% 3971.08 N/A* N/A* N/A*

Marathon Min 146.75 35.05% 6300.75 37 766 87.86%

Marathon Maj 164.6 40.74% 5996.63 31 506 75.60%

Team Vs Min 152.59 36.58% 4429.09 45.36 955.20 77.75%

Team Vs Maj 191.20 29.05% 5887.38 43.80 911.40 81.37%

None 139.18 N/A 3503.75 27.07 360.61 N/A

player ‘mentors’ with access to tools to help new and inex-
perienced players. Major competitions make use of use the
chat interface to provide thematic hints and to hold the trivia
competition type, which is unique to major competition pe-
riods. However, since these aspects are absent from minor
competitions, the team were sceptical that chat participation
would increase substantially outside of major periods.

H.5 - Only major competition periods generate increased
numbers of chat messages.

H.6 - Only major competition periods lead to increased
numbers of players participating in chat.

Statistical Analysis
Player Numbers In contrast to the expectations of the
Eyewire team, only a small minority of EyeWire players di-
rectly participate in competition events. Within a one year
period, a total of 10,296 players contributed at least 1 cube
to the EyeWire project. However, only 494 players earned
at least one point, or contributed at least one cube to one of
the 143 competitions held during this time, a figure which
represents just 4.80% of the active players during this year.
A summary of player statistics for the different competition
types can be seen in Table 2. With the exception of the “ex-
tra” happy hour class, the mean number of players is higher
for all competition days than for days on which competitions
are not held. It should be noted that although the Accuracy
Happy Hour appears to be the most popular competition, we
believe that this is largely due to the day on which it is held,
which is always the first day of the major competitive pe-
riod. This may explain the large number of active players,
as far from being a highly popular competition, the accuracy
happy hour attracts on average 13 players.

Competitions nevertheless have a significant effect on the
number of active players in Eyewire. On days when com-
petitions are held, player numbers are moderately higher
than non-competition days (d=0.55, p<0.01). Major compe-
titions are also seen to be much more effective in attracting
players than minor competitions (d=0.88, p<0.01), in line
with H.2 as suggested by the Eyewire team. In fact, our anal-
ysis shows that this is predominantly due to a proportion of
players who do not participate in competitions yet choose to

sign in and contribute on days when competitions are held.
Not only is there a statistically significant increase in ac-
tive players from the non-competing group on competition
days (A1, d=0.55, p<0.01), but this effect is greater during
major competition periods over minor periods (A2, d=0.92,
p<0.01). On the other hand, although these increases are sta-
tistically significant, these represent a small minority of the
9,802 players who chose not to join any competitions.

Task Completion Players who sign up for competitions
complete more work than players who are otherwise ac-
tive on the platform. Competitions have a medium to large
effect on the number of cubes contributed by competi-
tion participants as a group (d=0.79, p<0.01), as well as a
small to medium effect on the number of cubes per com-
peting player (d=0.49, p<0.01) as can be seen in figure
2. Nevertheless, further analysis reveals that this increase
in cube contributions extends to non-participating players,
who as a group display a small increase in the number of
cubes submitted on days where competitions are held (A3,
d=0.35, p<0.01), particularly on major competition days
(A4, d=0.83, p<0.01). In terms of competition types, cube
contributions vary greatly. While all competition types en-
courage greater numbers of cube submissions, the Marathon
class attracts higher numbers of cubes in comparison with
other classes, particularly the minor marathon class.

Community Discussion An analysis of the 91 day sam-
ple of chat participation reveals a notable increase in chat
participation during competitions. When comparing days on
which competitions occur with those on which no compe-
titions are held, test statistics identify a moderate increase
in the total number of chat participants (d=0.60, p<0.01).
Although the majority of the mechanisms introduced by the
Eyewire team to motivate chat participation were focused
on major competitive periods, both major and minor com-
petitions demonstrate significant increases in the numbers
of chat messages and numbers of messages sent per player
(p<0.01). Nevertheless, this effect is larger for major com-
petitions (d=0.85) than for minor competitions (d=0.62).
However, when comparing the number of chat participants
on minor and major competition days with non-competition
days, the analysis was inconclusive.

Discussion
Our results show that while competitions appeal to a mi-
nority of human computation contributors, they nevertheless
have a significant positive impact on the number of contribu-
tions generated, as well as the level of community discussion
activity. This effect is in part due to the effect that competi-
tions have on those participants who choose not to actively
compete, yet who nonetheless choose to sign-in and con-
tribute more during competition periods. Our findings sug-
gest that competitions have an overall positive effect on par-
ticipation in both chat and task activities. We note, however,
that EyeWire is a highly gamified context and suggest that
further analysis is required to understand the use of compe-
titions in non-gamified human computation initiatives - par-
ticularly those which rely solely on altruistic and intrinsic
motivations.



Table 3: Summary of Hypothesis, H, and additional Mann-Whitney U test, A, outcomes. Z-crit for p<0.01 = -2.33
H Condition Z-Stat d Conclusion

H1 Number of players (competition vs non-competition) -5.1 0.55 Hypothesis confirmed (p<0.01, medium effect size)

H2 Number of players (minor vs major) -3.5 0.88 Hypothesis confirmed (p<0.01, large effect size)

H3
Total cube contributions (competition vs non-competition) -6.99 0.79 Hypothesis confirmed (p<0.01, medium/large effect size)

Cube contributions per player (competitions vs non-competition) -4.58 0.49 Hypothesis confirmed (p<0.01, small/medium effect size)

H4 Total cube contributions for non-competing players (competitions vs
non-competition)

-3.33 0.35 Hypothesis incorrect. Cube levels from non-competing players are higher during
competitions (p<0.01, small effect size)

H5
Chat messages per player (major vs non-competition) -3.08 0.85 Hypothesis incorrect. Both minor and major competitions generate increased chat

messages compared with non-competition days (p<0.01, large, medium effect size)Chat messages per player (minor vs non-competition) -2.37 0.62

H6 Total chat participants (competitions vs non-competition) -2.64 0.60 Uncertain. Results show an increase in chat participants over all competition types
(p¡0.01, medium effect size)

A1 Numbers of non-competing players (competition vs non-competition) -5.1 0.55 Competitions result in a significant increase in non-competing player numbers
(p<0.01, medium effect size)

A2 Numbers of non-participating players (minor competitions vs major
competitions)

-3.65 0.92 Major competitions attract significantly more non-competing players than minor
competitions (p<0.01, large effect size)

A3 Total cube contributions from non-competing players (competitions vs
non-competitions)

-3.33 0.35 During competitions, cube contributions from non-competing players increase
(p<0.01, small effect size)

A4 Total cube contributions from non-competing players (minor
competitions vs major competitions)

-3.36 0.83 During major contributions, more cubes are contributed by non-competing players
than during minor competitions (p<0.01, large effect size)

Figure 2: Cubes per non-competing and competing players on competition (highlighted) and non-competition days.

Major competitions attract significantly more competi-
tors, non-competing players and cube contributions than mi-
nor competition events. Although the team predicted an in-
crease in competitor and cube numbers, it is nevertheless
surprising that major competitions should be significantly
more effective than minor competitions at encouraging cube
contributions. While major events feature limited edition
badge rewards for participation, these are given to all play-
ers who reach the (relatively low) threshold of points or
cubes - dependent on competition type - and there are no
other mechanisms to encourage or reward contributions that
cannot also be earned in minor competitions. Previous stud-
ies have demonstrated that participants in human computa-
tion initiatives are more motivated and engaged by diegetic,
narrative and progression-driven gamified experiences, even
when the underlying task itself is identical (Prestopnik and
Tang 2015). Our findings suggest that this may be true even
in circumstances where the elements are more implicit and
community-driven - that is, in the case of EyeWire, where
the only visible elements of the progression and narrative
are visible through the chat or blog features, such as ’who-
dunnit’ clues.

Similarly, although our findings demonstrate an increase
in non-competitor numbers and participation levels during
competitions, the reason for this is unclear. EyeWire features
few opportunities for spectation or collaboration with other
players and competition rewards are provided only to those
who participate. One possibility, as raised by the team, is the
potential impact of a positive chat atmosphere - as the team
stated: “chat is blowing up. Everyone’s excited.” Moreover,
it should be noted that the chat and community-driven nar-
rative features are still visible to these non-competing play-
ers, but only during major competitions - a factor that would
explain the significant increase in non-competitor numbers
and contributions during the major competition class. We
believe this is an interesting area for further study and that
the inclusion of more visible competition elements that in-
clude the whole community may be important for maximis-
ing the effectiveness of competitions in human computa-
tion initiatives. A further possibility is that the increase in
non-competitor numbers is a result of notification campaigns
(particularly e-mails) attached to competitions - particularly
since this effect is greater during major competitions, where
such campaigns are held. Our data was insufficient to test



such a hypothesis, as we lack confirmation that players had
received or seen campaign emails (typically sent shortly be-
fore competitions occur) and whether notifications or com-
petitions - or both - drive any return to EyeWire. Neverthe-
less, our findings show that any impact on participation is
extremely brief, coinciding only with competitions (see fig-
ure 2). Moreover, this does not explain the increase in par-
ticipation levels from within this group during competitions.

Within the literature, autonomy has been highlighted as
a key motivational affordance across a variety of human
computation initiatives (Lukyanenko, Parsons, and Wiersma
2016; Prestopnik and Tang 2015). However, our findings
note a potential trade-off with regard to autonomy in com-
petitions. The team versus competition class - during which
participants can earn points from any cube and, where ap-
plicable, bonuses, tutorials and promotion-dependent activi-
ties - attracted a greater number of competitors, but on aver-
age resulted in reduced numbers of cube contributions when
compared with the marathon class. While the marathon class
is significantly less autonomous, accepting only cube contri-
butions and only for one cell, this class has a collaborative,
goal-oriented aspect which is not present in the team versus
competition. Rather than earning points relative to the per-
formance of other players, players are instead scored based
on their own number of cubes contributed and must as a
community reach the required number of cells within the
time-limit. We note that the effectiveness of competitive and
collaborative elements remains a controversial topic within
the wider literature and we suggest that further exploration is
required to understand how autonomy fits within this space.

Further related to autonomy, a number of VCS studies
have made explicit or implicit connections between auton-
omy and the chat platforms, suggesting that chat participa-
tion can replace or overcome a lack of autonomy in tasks
(Jackson et al. 2014; Reeves et al. 2017). This view was even
put forward by the EyeWire team: “chat makes up for the
dryness of the task.” On the other hand, our results suggest
that this may not be the case, at least in EyeWire. During the
less autonomous marathon class, fewer chat messages were
sent by the community and the number of chat participants
was lower than during the much more autonomous team ver-
sus category. This suggests that while more intensive, time-
limited challenge activities may be effective for motivating
task completion, these restrictions discourage autonomous
activity and engagement with other tasks such as chat.

Finally, a key area for research, which we have not ad-
dressed in our analysis, is consideration of the impact of
competitions on the quality and accuracy of responses. The
nature of EyeWire makes it unsuitable for such analysis, as
the platform largely lacks ground truth cubes, assesses re-
sponses through majority voting and includes an iterative
process through which cubes can be corrected and marked
for further analysis by the promoted ‘scythe’ player class
(Reeves et al. 2017). In contrast with the view held by the
team that competitions can effectively train players to con-
tribute to human computation tasks, our findings demon-
strate that the accuracy happy hour class attracts only a small
number of participants. However, this does not discount the
possibility of players learning through competitions, as it

takes many hours and thousands of cubes to ‘master’ Eye-
Wire and as such, the increase in activity that competitions
encourage is crucial for newer and less active players.

In addition, further consideration must be given to ad-
ditional methods for overcoming the weaknesses and chal-
lenges of VCS and associated game genres. This may in-
clude testing other progression formats - for example, the
EyeWire team suggested opportunities posed by badges or
unlockables, offering individual-centred rather than commu-
nal progression. Opportunities for team or group play are
also of interest, given the apparent importance of sociality in
VCS, but we caution that such opportunities also pose issues
for common quality assurance processes such as redundancy
(Wiggins et al. 2011). Given the uncommon and temporary
nature of competitions across VCS (Reeves et al. 2017), it is
unclear to what extent our findings generalise, particularly
to less socially-driven or gamified projects where participant
motivations differ (Mekler et al. 2013b).

Limitations
Due to the nature of EyeWire’s chat system and volume of
messages produced, these messages are not readily archived
and so we were only able to collect chat messages live from
the system. For this reason, our second dataset covered only
1/4 of the larger first dataset. We noted nonetheless that this
period covered 48 competition days, including a range of
minor and major events and therefore felt it was suitable for
analysis. To further overcome this issue, we analysed hy-
potheses covering minor and major competitions, rather than
specific competition types, to maximise the volume of avail-
able data. We do, however, make the assumption that non-,
minor and major competition activity during this 91 day pe-
riod is indicative of activity in other periods.

Conclusion
Overall, this study contributes to the understanding of how
competitions influence player participation in human com-
putation activities. We have identified the underlying ratio-
nale for introducing competitions to Eyewire. Our findings
demonstrate that competitions effectively increase levels of
contribution for task and chat components of the project,
while increasing the number of active players. This effect
persisted even with those players who choose not to con-
tribute to competitions, who exhibit greater numbers of ac-
tive players and cube contributions on competition days.
Based on these findings, we identified points of contention
with previous human computation literature, as well as a
number of areas for further research and analysis.
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The use of game elements within virtual citizen science is increasingly common, promising to bring increased user activity, motivation
and engagement to large-scale scientific projects. However there is an ongoing debate about whether or not gamifying systems such
as these is actually an effective means by which to increase motivation and engagement in the long term. While gamification itself is
receiving a large amount of attention, there has been little beyond individual studies to assess its suitability or success for citizen
science; similarly, while frameworks exist for assessing citizen science performance, they tend to lack any appreciation of the effects
that game elements might have had. We therefore review the literature to determine what the trends are regarding the performance
of particular game elements or characteristics in citizen science, and survey existing projects to assess how popular different game
features are. Investigating this phenomenon further, we then present the results of a series of interviews carried out with the EyeWire
citizen science project team to understand more about how gamification elements are introduced, monitored and assessed in a live
project. Our findings suggest that projects use a range of game elements with points and leaderboards the most popular, particularly
in projects that describe themselves as ‘games’. Currently, gamification appears to be effective in citizen science for maintaining
engagement with existing communities, but shows limited impact for attracting new players.
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1 INTRODUCTION

Online, or virtual, citizen science (VCS) uses Web-based techniques to allow members of the public to participate as
volunteers in a scientific research project, without possessing expert knowledge about the subject at hand. This may fall
into almost any domain, with notable examples in astronomy, zoology, and healthcare where using the Web to facilitate
citizen science has proved to be a successful application of crowdsourcing for problems which are computationally

We thank the EyeWire project team for their participation in the interviews for this research. This research was carried out thanks to the Stars4All EU
Horizon 2020 Framework Programme grant, agreement no. 688135.
Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not
made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components
of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to
redistribute to lists, requires prior specific permission and/or a fee. Request permissions from permissions@acm.org.
© 2018 Association for Computing Machinery.
Manuscript submitted to ACM

Manuscript submitted to ACM 1



53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

2 Simperl, E. et al

unfeasible or inaccurate, such as classifying images of galaxies or identifying animals. However, while there are solid
examples of success, a continuing challenge in VCS centers on how to increase both the number of participants, and
their ongoing engagement with the project. This may be in order to create greater contributions with regards to the
amount of work completed, the length of time the player participates, or the quality of the data that they produce by
doing so, but also simply just to allow a wide range of players to contribute effectively, and in turn making the output
of the project a useful contribution to science.

Drawing on many methods and theories from Human-Computer Interaction (HCI) and Computer-Supported Co-
operative Work (CSCW), a key area of citizen science research looks at how a system can be designed in order to
influence user behaviour and encourage people to interact with, and contribute to, the project. One such approach is
to include game elements within the project, in order to increase the attractiveness of the work, motivate continued
performance, and therefore improve user retention.

The inclusion of elements from game design within non-game environments, commonly described with the term
‘gamification’, has increased rapidly over recent years. This has occurred across a wide-range of applications and is a
valuable tool for researchers and scientists wishing to undertake studies using large audiences [Deterding et al. 2011a].
Gamification has been studied previously in the context of VCS to determine how it can be used to increase participation
(see, for example Tinati et al. [2016]); however while it has received a lot of attention, little has yet been done to look
specifically at how the inclusion of specific elements relates to the subsequent success of the project.

There is also an ongoing debate about whether the use of extrinsic rewards, such as those offered through completing
a game, are a good motivational strategy. In a review of 128 experiments, Deci et al. [1999] concludes that ‘tangible’
rewards (such as money) tend to have a negative effect on people’s intrinsic motivation to work or contribute. According
to Self-Determination Theory (SDT) humans seek out activities that satisfy motivational needs, one of which is autonomy,
and the attachment of extrinsic motivators such as rewards can reduce this experience [Deci et al. 1999; Deterding
2011]. However as games are played voluntarily, there is an argument that this in itself provides the experience of
autonomy, and thus the accumulation of points or badges for example through choosing to play the game itself is
intrinsically motivating [Deterding 2011]. While there are certain conditions that can ensure that the effect of extrinsic
rewards is negated, Deci et al. [1999] summarise their review by stating that focusing only on extrinsic rewards can risk
a reduction in intrinsic motivation. In crowdsourcing, studies have shown that there a wide range of motivators, both
intrinsic and extrinsic, behind why people choose to participate [Morschheuser et al. 2017]. In terms of citizen science
games, McGonigal argues that the addition of ‘meaning’, or the sense that by playing the volunteer is belonging to and
contributing something significant, is an intrinsic motivator that can make them feel a part of something much bigger
than themselves [McGonigal 2011, p. 49-51]. This desire to participate in scientific research has also been shown to be
one of the biggest draws to contributing to gamified projects, while the intellectual challenge as presented by the game
then helped to maintain involvement [Curtis 2015], suggesting that this combination does not necessarily show the
negative effects forecast by Deci, Koestner and Ryan in [Deci et al. 1999]. Previous VCS research, examining games such
as FoldIt [Curtis 2015], EyeWire [Iacovides et al. 2013] and EteRNA [Bohannon 2014] tends to consider gamification
to have a positive effect, but lacks in-depth analysis behind what the project teams mean by ‘success’ or how the use
of game elements help to produce this. Further insights about the positive—or negative—impacts of gamification are
required if there is to be an end to the gap in knowledge about how best to use these techniques.

The motivations of this paper are as follows. Firstly, there is a need to improve understanding around the success of
game elements in citizen science projects and greater insights into how gamification can be and is used [Deterding
et al. 2011a]. Previous research has been carried out regarding the level of success in citizen science in general (see, for
Manuscript submitted to ACM
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example, the framework of success for assessing projects in Graham et al. [2015]). However, existing studies have–to the
best of our knowledge–not looked broadly at how gamification might contribute to this success, such as which elements
are effective in increasing user engagement, whether or not a gamified approach is typically successful, or how designers
decide which game features to include. Further to this, VCS is a diverse field and there are currently few overviews that
detail how game elements and characteristics are currently being used in this space — and equally crucially, why these
design decisions are being made, particularly in cases where they diverge from literature recommendations.

To this end, we review findings from the VCS literature to assesse empirical findings on the reported performance
of gamification across a range of VCS domains. We discuss the ways in which elements are implemented and review
whether they have a positive, negative or mixed effect on volunteer engagement, performance and motivation. Based on
these findings, we then carry out a survey of 31 VCS projects including games and non-games, to understand the extent
to which findings and recommendations from the literature are put into practise and also to explore the distinction, if any,
between what it means for a project to call itself a ’game’. To understand the reasoning behind these design decisions,
we then supplement this literature and project survey with findings from interviews with all members of the design
team behind the gamified VCS project Eyewire 1. We find that certain game elements (points and leaderboards) are
commonly used, with others such as badges, rewards and statuses building on these, and these elements are used more
on projects that describe themselves as ‘games’. Projects that do not describe themselves in this way appear to focus
more on learning and education, suggesting a different approach to engaging volunteers. Nonetheless, these elements
often diverge from those recommended in the literature, with extrinsic and competitive elements more commonly
used than the cooperative and intrinsic, progression-based game play supported by the literature. Our interviews with
the EyeWire team give insights into the reasoning behind such design decisions, showing that the project team are
predominantly influenced by player feedback and the need to ensure long-term player engagement. Development
restrictions play a crucial role in preventing the team from expanding the project and changes are typically made
without much influence from what other citizen science games are reporting to have been successful. Throughout our
findings we observe tensions between what it means to be a ’game’ and the needs of a VCS project — particularly in
terms of the expectations of players.

The remainder of this paper is structured as follows. First we present a background introduction to VCS and
gamification, and how they have been used together. We then review the existing literature on the effects of gamification
in VCS, examining studies to see how effective the use of game elements has been in real-world projects. The first
contribution of this paper summarises findings from the literature identifying the impact of different game features
on player engagement and output quality. Secondly, our survey of VCS projects explores the extent to which these
recommendations are employed in projects and the popularity of different features both in contexts which use the
’game’ descriptor and those which do not. Finally, our third contribution draws on the interview-based study with the
EyeWire team to understand the decision making processes required for the successful design and implementation of
VCS games. We envisage that these insights can be used by citizen science project designers to consider the potential
impact of different game elements, along with how to track these effects so that meaningful insights can be gained from
them, and by VCS scholars interested in tracking the overall success of gamification in this domain.
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Fig. 1. The EyeWire game interface, showing accuracy, points acquired and the leaderboard. Usernames have been obscured for
privacy. http://eyewire.org

2 BACKGROUND AND RELATEDWORK

2.1 Virtual Citizen Science

VCS allows scientists to process large amounts of data using human computation, to complete tasks that would otherwise
take unfeasible lengths of time or with potential sacrifices to accuracy to be carried out using machines. It draws
upon theories from HCI and CSCW, and typically makes use of a digital platform to allow professional scientists to
crowdsource contributions to their research from large numbers of people [Howe 2006]. The use of the public for
collecting and analysing data is becoming an important part of science [Tinati et al. 2015] with projects showing notable
levels of success—including for example the galaxy-classifying web application Galaxy Zoo [Lintott et al. 2008].

A VCS project can be based in almost any domain; current projects can be found in a hugely diverse range of topics.
While citizen science projects can include manual, offline work such as the recording of wildlife in participants’ gardens
2, VCS projects are typically conducted online (such as in EyeWire, Figure 1), making use of both the prevalence of
the Web to reach huge numbers of people and of large computer clusters that can subsequently store, manage and

1http://eyewire.org/explore
2see, for example, the iNaturalist project, where participants track and record details of their wildlife observations https://www.inaturalist.org/
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process the resulting deluge of data. The results are aggregated to provide a level of assurance that the data is accurate,
with the aim being to allow the scientists to access a result at a much faster speed than if they had to process all the
data themselves. For example, the crowd approach was shown to be more scalable and economical than an automated
solution for analysing images related to particle-tracking problems [Chen et al. 2016].

Using crowdsourcing for science is not anything inherently new; services such as SETI@home [Anderson et al. 2002]
have long offered participants the chances to allow processing time on their own computers to assist with scientific
research. In recent years, however, increased focus has been placed on using the volunteers themselves as the means of
computation—either in terms of data analysis or data collection and curation. The smartphone age has given rise to
the opportunity for “participatory sensing”, allowing volunteers to record all types of phenomena using their mobile
device [Restuccia et al. 2016]. Relying on the ability of the human brain to complete tasks such as the analysis of
images is quicker than even the most powerful of supercomputers [Kawrykow et al. 2012]. Similar to SETI@home, VCS
projects allow people to contribute without being a professional scientist. Comparable to the process followed in an
assembly line, a complex scientific task is split into a number of simpler ‘microtasks’, each of which is basic enough to
be solved by a non-expert. The tasks may include cataloguing or classifying items, mapping structures within images, or
transcribing text, following a set of guidelines. These guidelines mean that anyone can participate without the typical
level of expertise required in the subject area [Tinati et al. 2015]. The EyeWire project, for example, breaks down a
complex neuroscience problem of mapping the connectome in the brain by asking players to map the branches of single
neurons in a three-dimensional puzzle game.

2.2 Gamification

Gamification is a term “mired in diverse meanings and contradictory uses” [Seaborn and Fels 2015]. However a frequently
used definition stems from Deterding et. al’: “[u]sing game design elements in non-gaming contexts” [Deterding et al.
2011b]. Other definitions refer to the need for gamification to invoke similar psychological experiences that a player
would feel when playing a ‘traditional’ game, or “a process of enhancing a service with affordances for gameful experiences

in order to support user’s overall value creation” [Huotari and Hamari 2012]. Going further, Hamari et al. [2014]
conceptualises gamification as having three parts in order to connect the existing literature on the topic: (1)Motivational
affordances refer to what specific features have been implemented to make the system a game and increase motivation;
(2) Psychological outcomes are the resulting variables that have been measured relating to motivation, attitude and
enjoyment, whereas (3) behavioural outcomes are those most typically reported in studies and relate to the resulting
actions of the player [Hamari et al. 2014].

2.2.1 Game Elements. As a first step towards understanding gamficiation better, Deterding et al. created a taxonomy
of elements that are used in projects to frame a task as a game. These game design elements may fall into the following
levels of abstraction: (1) game interface design patterns, (2) game design patterns and mechanics, (3) game design
principles and heuristics, (4) game models and (5) game design methods [Deterding et al. 2011a]. Building on this, a
number of specific game elements are then outlined in Seaborn and Fels [2015]: points, badges, leaderboards, progression,
status, levels, rewards and roles. Therefore the popular definition of Deterding above relates to the use of these features
in non-gaming contexts. For this paper, we focus on their use more specifically in VCS projects and we investigate the
extent to which they have been successful.

Points are referred to as a numerical metric of progress, representing the user’s current score. Badges or trophies
are visual icons awarded for completing some form of achievement, whether this is from completing a specific task or
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accumulating a certain number of points. Their use has been studied in many situations to increase engagement with
Web-based sites (e.g. Easley and Ghosh [2016]). In VCS projects, badges may be assigned for performance-contingent
reasons as in EyeWire, where high accuracy and point scores are rewarded, or simply for exceeding a set threshold of
contributions, as in the Notes fromNature project [Reeves et al. 2017]. Players are ranked by their score on leaderboards,
and each individual’s progression through the game is determined by the various milestones or key tasks they have
achieved, such as completing certain levels or alternatively “levelling up”. Depending on their current progression, a
player may receive a particular title or ‘status’, which may increase as the player traverses increasingly challenging
levels or stages in the game. Players are motivated to continue in the game in the hope of receiving rewards, which may
be real-world items or items to use within the game itself. Finally, a player may take on one or more roles within the
game, depending on the type of character they play as [Seaborn and Fels 2015]. Alternatively, players may be assigned
roles based on previous behaviour and achievements, allowing access to new tools or opportunities for contribution
[Reeves et al. 2017]. Taking these game elements as a starting point, we examine their features according to a number
of theretical frameworks on gamification in Table 1.

Element (mechanic) Element (dynamic) Motives SDT concept
Badges Collection Achievement Competence
Points Collection Achievement Competence
Progression Acquisition of status Social recognition Competence / Autonomy
Status Acquisition of status Social recognition Competence
Levels Acquisition of status Social recognition Competence
Leaderboards Competition Social recognition Competence
Rewards Collection Achievement Competence
Roles Collaboration Social exchange Competence / Relatedness

Table 1. Game elements listed by Seaborn and Fels [2015], associated with dynamics and motives from Blohm and Leimeister [2013]
and the self-determination theory concepts outlines in Aparicio et al. [2012] according to common aims and impacts on participants.

In their review of gamified e-participation tools, Thiel presents an overview of different game elements found
throughout their literature search [Thiel 2016; Thiel et al. 2016], made up of: achievement (e.g. badges), points, status
(or levels), spaces for expression and creativity, feedback (such as notifications), personalisation (through profiles, for
example), challenge (missions, quests, etc.), competition, and time constraints. Thiel’s overview shows similarities to
the list of elements presented by Seaborn and Fels [Seaborn and Fels 2015] which contain many of these features.

There are further characteristics of gamified projects that can be found in the literature but which do not necessarily
constitute ‘game elements’—they merely relate to design decisions of the project around the game, without actually
impacting the core mechanics of the game itself. Narrative is a key element in many games; it is the series or sequence
of events that help to guide the player through the game’s story [Rudrum 2005]. The ability to skip is another game
feature that allows players to move on to another task with completing the one they’re currently assigned to. Skipping
is assumed to help to keep players motivated if they encounter a particularly challenging or confusing stage or level in
the game. The intended usage of the skip functionality suggests that it provides players with a sense of autonomy as
described in SDT [Deterding 2011]. Additionally, numerous games will offer a tutorial or practise process that aims to
get players started with the tasks involved and is necessary in more complicated games - for example, by completing a
specially designed set of puzzles or tasks before proceeding to the true scientific task [Curtis 2015]. Those without a
tutorial can be labelled as self-explanatory, indicating that the task is simple enough that players can generally begin
Manuscript submitted to ACM
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Fig. 2. The Phylo game interface: http://phylo.cs.mcgill.ca.

playing without any formal introduction to the task. Many games also offer the opportunity for learning and this is
common in VCS projects as the games are based around scientific research, and the process of educating citizens is
motivating for both the scientists and the volunteers themselves [Rotman et al. 2012].

2.2.2 Gamification for Engagement. This section details the use of gamification in a range of contexts - for a
discussion of gamification in VCS, please see the following section. As discussed in Section 1, there is a debate about
whether offering extrinsic rewards is a good strategy for increasing motivation. Deci et al. warn that in many situations
these could negatively effect people’s intrinsic motivations [Deci et al. 1999], whereas others argue that a game itself
is intrinsically motivating [Deterding 2011]. Motivated by this debate, Hamari et al. analysed 24 empirical studies
on gamification and found that, generally, the technique does work, albeit with some caveats that were often to do
with positive effects only being found for a particular type of use or user [Hamari et al. 2014]. In addition, a review
of studies about gamification’s use in crowdsourcing found that its use typically leads to an increase in engagement,
output quality or other related positive effects [Morschheuser et al. 2016], while an extended review supported these
findings to show that it increases participation and quality of crowdsourced work [Morschheuser et al. 2017]. There
is an additional consideration that context may well be key, and that certain systems that rely primarily on rational
behaviour are not suited to being gamified [Hamari 2013; Hamari et al. 2014]. Finally, the results in Hamari et al. [2014]
show that people interact with games and gamified systems in different ways, and therefore they are likely also to have
different experiences with a system that incorporates game elements.

Gamification appears to be popular for younger participants in crowdsourcing, but less so for other ages groups
[Baruch et al. 2016]. Instead, some participants are drawn to these systems through altruism, and their engagement is
maintained through egoism and collectivism, rather than competing to move up a leaderboard [Baruch et al. 2016].
Other projects may focus on sociability, or as described by George Simmel, the “sheer pleasure of the company of others”
[Ducheneaut et al. 2007]. This interaction may be afforded through features such as forums and chat boxes which
facilitate discussion among participants. Similarly, collaboration is a way of framing the game that requires people to
work together to complete a task. These are alternative ways that a game may be framed rather than the standard
competition-based mechanisms.
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2.2.3 Gamification in Virtual Citizen Science. Gamification has emerged on to the VCS scene partly due to cheaper
technology, but also thanks to personal data tracking and the familiarity people now have with ‘games’ as a medium
[Deterding 2012; Seaborn and Fels 2015]. There is already a growing body of literature discussing the merits and
advantages of gamification in individual citizen science projects, with findings suggesting increased success in attracting
Millennials, and end-results such as increased community awareness [Bowser et al. 2013]. However, despite the
generally well-received nature of gamification, studies have suggested that certain aspects of it may turn away certain
participants—for example in the Old Weather project there appears to be a disparity between those participants who are
driven to compete thanks to the use of certain mechanisms, and those more casual users who ignore them or, in some
cases, decided to completely withdraw from the project [Eveleigh et al. 2013]. This finding is supported by research
into gamification in crowdsourcing which suggests that it could detract from the experience for certain demographics
[Baruch et al. 2016]. Where the literature is lacking is in broad assessments of the insights from existing projects that
collectively could shed light on whether gamification is typically an effective way to increase volunteer performance
with VCS. Metrics have been elicited, split around two main elements (contribution to science and public engagement),
for measuring the success of online citizen science projects in general, but these have yet to be used for measuring
the effects of gamification [Graham et al. 2015]. There is a distinction within the literature between gamification and
gamified projects - i.e., those which take scientific tasks and apply game elements - and Games With a Purpose or
serious games - i.e., highly game-like activities such as puzzles which are applied in scientific research.

3 LITERATURE REVIEW

This section details the results of a literature review conducted across four databases. We begin by detailing the
methodology used to find and sample publications. In terms of results, our findings discuss empirical evidence detailing
the impact of gamification on volunteer motivation and distinctions with less gamified contexts, impacts on output data
and the impact of specific features.

We group findings from the relevant research papers below, categorising the outcomes under a number of themes
relating to how games can be employed within VCS. These themes were determined through discussion between the
authors, based on commonalities in the abstracts, findings and keywords of the research papers. We summarise the
findings in Table 7, using the conceptualisation of gamification outcomes presented in Hamari et al. [2014].

3.1 Methodology

We reviewed the existing literature for papers detailing the experiences of utilising game elements within VCS, focusing
on those which offer evidence into the impact that this approach has made. While literature surveys have previously
been carried out on empirical studies into gamification in general (see [Hamari et al. 2014]), showing that it does tend
to produce positive effects, there has yet to be any specific look at what the effects have been in the context of VCS
which is important as effects appear to be context-sensitive.

We selected four databases: the ACM Digital Library, JSTOR, SCOPUS and the Web of Science service. Two search
procedures were conducted - one search for "citizen science" and "gamifcation" and a second, separate search for "games
with a purpose". Each search was carried out to cover all publications up to and including those published within 2017.
More specific information on the search terms used and the number of results can be seen in table 2. A total of 517
results were collected across the four databases, of which 344 results were unique.

As it was our intention to find specific evidence for the impact of gamification features, we introduced a set of
selection criteria aimed at filtering irrelevant and theoretical sources. The results of each search were analysed by
Manuscript submitted to ACM
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Table 2. Databases and search terms used and results generated.

Repository Search terms Results

ACM Digital Library
recordAbstract:(+"citizen science", "gamification") 13
recordAbstract:(+"games with a purpose") 62

JSTOR
("citizen science" AND ("gamification") 1
("games with a purpose") 12

SCOPUS
(TITLE-ABS-KEY("citizen science)) AND (TITLE-ABS-
KEY("gamification"))

35

TITLE-ABS-KEY("games with a purpose") 302

Web of Science
TOPIC:("citizen science") AND TOPIC:("gamification") 17
TOPIC("games with a purpose") 87

Total N/A 517

Table 3. Number of Papers by Category

Count Description

189 Duplicated or highly similar publications
68 Not empirical studies
47 Not peer reviewed academic papers
3 Not related to gamification
82 Not related to citizen science
24 Results or description of systems
44 Irrelevant topics

two separate researchers and overseen by a third researcher who identified and resolved any disagreements between
the results. Papers were initially assessed for relevance based on title, keywords and abstracts and duplicated results,
as well as those with no relevance to gamification or citizen science were removed from the sample. The remaining
publications were analysed at the full text level to ensure the presence of empirical evidence and relevance to the
topic of the effectiveness and impact of gamification features in citizen science. The decision was made at this stage to
remove those publications describing the results of systems, due to the lack of specific evidence for the effectiveness of
particular features and methods of implementation. Table 3 details the number of papers removed, as well as the reason
for these removals. A final total of 54 papers was selected for review, which can be seen in table 7.

3.2 Competition Versus Collaboration

In the Old Weather project, surveys and interviews were carried out with participants to discuss the appeal of the
gamified approach. The results revealed a conflict between those who found the mechanisms motivating, and those
who were turned away by the same features [Eveleigh et al. 2013]. Point scores were suggested to be demotivating to
medium and lower scoring participants and the title, while attempting to achieve a higher title by proceeding through
the collection-based leaderboard system was stressful, leading to participants to switch to less competitive collections.
Moreover the existence of points and reward systems such as badges and titles encouraged some participants to leave
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the project, as they found such elements to be trivial – a characteristic that was at odds with the serious nature of
the research involved. Evaluating the Happy Match project, Crowston and Prestopnik [2013] found that there was a
slight indication that participants would be motivated by additional competitive elements, again suggesting that this
is a feature that is not universally welcomed or rejected. Other studies have shown that player performance may be
increased by showing the progress of a ‘virtual peer’ whose progress offers a means of comparison for the participant
[Laut et al. 2016]. It has been proposed that more granular and personal scores and targets are required to ensure
participants feel valued throughout, with an emphasis on quality rather quantity [Eveleigh et al. 2013]. Additionally,
team-based challenges or prizes could help to ensure that some volunteers’ interest is maintained, negating the problem
of some users feeling they were already too far down the rankings [Eveleigh et al. 2013].

Alternatively, [Curtis 2015] found that ‘friendly competition’ was not a driver for players to participate in the
Foldit game; contributing to science and an intellectual challenge were instead much bigger motivations. Curtis [2015]
also suggests that game elements offering interaction and collaboration may be more motivational than competitive
elements, again demonstrating the different attitudes towards these types of games. Baruch et al. [2016] states that
while gamification is popular among younger participants of the crowdsourcing platform Tomnod, it detracts from the
experience of others, and cooperation is generally more desirable than competition for all users. This may be related to
different types of contributor: Eveleigh et al. [2014] discuss the difference between high contributors who are deeply
engaged with the competitive elements of Old Weather, and low contributors who tend to only try out projects for
short periods. Eveleigh et al. [2014] emphasise the need to encourage “long-term dabbling”, suggesting that breaking
tasks into smaller-scale problems can help appeal to the majority of participants’ short attention spans.

3.3 Maintaining Engagement

Opportunities to build social relationships with fellow players through game activity have been shown to encourage
long-term, lasting participation. Curtis [2015] details the formation of friendships between FoldIt players and the
impact that these friendships have on encouraging players to continue to play the game. Similarly, these team- and
community-based relationships were also observed to be essential to overcome difficult puzzles and to learn to contribute
to a relatively difficult scientific problem [Curtis 2015]. In particular, team formation was noted to enable newer players
to overcome the demanding and lengthy tutorial process, thereby enabling and encouraging continued participation
by preventing new players from becoming frustrated [Curtis 2015]. Similar findings were reported by Iacovides et al.
[2013] from exploratory interviews with FoldIt and EyeWire players. Players reported that the chance to join and
contribute as teams was essential for their continued participation in FoldIt [Iacovides et al. 2013]. While EyeWire
does not allow explicit team formation, a survey of player motivations for chat participation found that participants
nevertheless found ways to collaborate and help one another — particularly when helping newer players learn difficult
tasks, as in FoldIt [Tinati et al. 2015].

The impact of extrinsic reward mechanisms was more mixed. In interviews with Iacovides et al. [2013], players
described the urge to extend play sessions to maximise progress, as indicated by point and leaderboard mechanics.
However, this was suggested to result from a desire to be part of assisting scientists in completing research that would
otherwise be impractical — rather than any interest in point or leaderboard rankings. This is echoed by findings
from the Quantum Moves platform, where the presence of leaderboards was demonstrated to have no statistically
significant impact on players’ likelihood to return to the game [Pedersen et al. 2017]. Conversely, Prestopnik et al.
[2014] et al suggest that points-based gaming is effective in encouraging long-term play. Prestopnik et al. [2014] noted
that points-based games were associated with higher volunteer retention rates than progression and narrative-based
Manuscript submitted to ACM
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gaming. A follow-up study by the authors suggested that this results from players exhausting progression opportunities
[Prestopnik et al. 2017]. While players can eventually exhaust progression and narrative mechanisms, the opportunity
to earn points persists as long as players contribute to games. The opportunity to build scripts to outperform fellow
players and maximise point gains has also been stated by some FoldIt players to be key to their continued interest in
the game [Ponti et al. 2015].

Once a player has been attracted to the game, there are differences in the way that the game itself is implemented
that can affect participation. Story-based games have been shown to be preferable compared to points-based games
[Prestopnik and Tang 2015]. Participants were motivated to continue playing as activities were ‘story-focused’, suggest-
ing that these types of game may be particularly effective for VCS projects, especially if the player is not interested in
the scientific outputs [Prestopnik and Tang 2015]. The authors suggest that this type of game could help to balance the
contributions that are typically skewed towards a few members of the community—a community that is typically made
up of people interested in the science rather than just playing a game [Prestopnik and Tang 2015].

Social Factors and Cooperation Iacovides et al. [2013] found that the provision of discussion features such as chat and
forum platforms was important for developing a sense of community. These opportunities for team interaction and for
team-play were important motivators for continued player engagement. Further, Eveleigh et al. [2013] suggest that the
implementation of team-based activities and rewards could be used to reduce the potentially demotivating impact that
competition has on underperforming individuals. This is echoed by Baruch et al. [2016] who note that users of the
crowdsourcing platform Tomnod responded more favourably to cooperative elements than to competitive elements.

Competition The inclusion of competitive elements has been found to lead to increased levels of contribution, but
lower levels of effort in tagging tasks - while players generate more tags, the time taken for each tag and the quality
of tags is lower in competitive games [Siu et al. 2014]. The impact of competition is also highly dependent on the
performance of other players. While players will display increased participation in the face of competition, participation
will decrease if fellow players are deemed to contribute too much or too little. Experimenting with a virtual peer, Laut
et al. [2016] found that players adjust their behaviour to match peers, reducing contributions when peers are less active
and increasing contributions as peer’s activity increases. This effect is only seen, howeever, where such levels are seen
as achievable. Opportunities for competition can be particularly demotivating to casual participants and newcomers,
who find themselves outperformed by more active and longer-term players, leading less active players to leave projects
[Eveleigh et al. 2013].

Feedback Evidence of progress was identified by participants of FoldIt and EyeWire as a rewarding element of games
that positively reinforces player participation, leading to increased activity [Iacovides et al. 2013]. Feedback features
have also been found to assist players in adapting the way they contribute. Fylo contributors found that game elements
provided additional information which was useful for informing their behaviours [Forde et al. 2016]. Nevertheless, this
had no significant impact on the players’ intrinsic motivations, nor their competency, suggesting the impact of such
features is minimal.

3.4 Participant Motivation

The appeal of participating in science was strongly emphasised in the literature, particularly by Iacovides et al. [2013]. In
the EyeWire platform, Tinati et al. [2016] surveyed participant motivations in the citizen science game Eyewire, finding
that the most significant factor influencing player participation was the desire to contribute to scientific research. This
is similar to other VCS research that has shown that a desire to contribute to scientific research is a strong motivation
for participation [Raddick et al. 2013]. Jennett et al. [2016] note that the factors governing initial attraction to citizen
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science almost exclusively pertain to scientific research - interests in science, curiosity about research and a desire to
contribute to research. Nevertheless, continued interest in projects is a significant factor influencing long-term player
engagement [Jennett et al. 2016] and our findings suggest that it is in this area that games have a significant influence.

Perspectives on the motivational value of game elements were mixed. Forde et al. [2016] suggest that the addition of
gamified elements has no significant impact on intrinsic motivations. Similarly, from Iacovides et al. [2013] in interviews
with participants in EyeWire and FoldIt, it was found that game elements did not necessarily attract players to the
project—their intrinsic interest in the science was enough—but such elements had some motivational value in providing
recognition that participants were contributing. Similarly, Curtis [2015] found that FoldIt players were predominatly
motivated by altruistic desires to contribute to science, rather than extrinsic mechanisms such as points and competitive
elements.

Reward-based game elements such as points have been noted to impact negatively on those participants who
show strong intrinsic motivations [Prestopnik and Tang 2015]. Even among those players who are more extrinsically
motivated, Siu and Riedl [2016] describe that gaming alone was insufficient to overcome the boredom associated with
repetative human computation tasks, particularly where players derived fun from collecting extrinsic factors such as
game unlockables. On the other hand, Bowser et al. [2013] suggest that reward-based game elements such as badges are
associated with player interest and enjoyment and that as a result, these features do in fact increase the motivation to
participate.

Further, in spite of the importance of altruistic and intrinsic interests in science suggested above, Greenhill et al.
[2016] describe highly gamified features with no scientific purpose. The Zooniverse’s Vorwerp Pong drew significant
interest from project participants, despite lacking any scientific purpose. Greenhill et al. [2016] suggest that both
intrinsic factors such as a desire to have fun and extrinsic factors such as points, leaderboard rankings and rewards are
key to driving participation in gamified citizen science.

3.5 Output DataQuality

In some cases, project teams have suggested that introducing gamification elements has been detrimental to the quality
or accuracy of the data produced3. A comparison of GWAPs with microtask crowdsourcing platforms conducted by
Thaler et al. [2012] found that the proportion of correct responses submitted within the GWAP was 15% lower than
within the crowdsourcing platform (74.87% compared with 89.75%). However, a similar study carried out by Sabou
et al. [2013] found the performance of crowdsourcing platform participants to be highly interface-reliant, with game
players matching or even exceeding the performance of microtask crowdsourcing. Within human computation, Chung
et al. [2017] have also observed differences in player performance based on the visual load of tasks. By providing
participants with more information and more on-screen subjects for analysis, players were able to better formulate
gameplay strategies, with the mean performance of players increasing by 80%.

Aiming to address some of these concerns, Prestopnik et al. [2014] compared the quality of data produced by one
gamified project with one that was presented as a game that required users to complete a task in order to progress (note
the differentiation between a project that includes ‘gamified’ elements, and one which presents itself as a game, which
we return to later). While the game-based project did introduce cheating as a strategy among players, overall (excluding
the cheating behaviour) there was no significant difference in performance [Prestopnik et al. 2014]. Similar findings
have been made in other domains, around adding competitive elements in crowdsourcing to improve volunteer output

3For example see http://www.cancerresearchuk.org/support-us/citizen-science/the-projects#citizenscience1
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without harming the quality of the data they produce [Rokicki et al. 2016]. Taking a somewhat different approach, the
effects of collaborative and competitive game elements have been studied, based on how they affect player engagement
and accuracy in games with a purpose (GWAPs). Results suggested that as well as improving engagement, competition
produced results that were as accurate as collaboration [Siu et al. 2014]. Of note was the finding that when combined—
when a player is presented with both competitive and collaborative scoring options—performance levels decreased [Siu
et al. 2014]. Similarly, Goh et al. [2010] demonstrate that competitive models outperform collaborative models in image
matching task, due to players’ rewards and progress being more dependent on the quality of submissions. This is not
the case for all activities, however. Framing image matching tasks in combined collaborative, competitive game-based
activities has been shown to increase the quality of labels generated by players [Huang and Fu 2012].

Nevertheless, concerns remain about the impact of competition on data quality. A number of studies surveyed
associated competitive elements with reductions in the time spent by volunteers on each contribution, raising the
possibility that participants could rush, introducing errors to data [Mekler et al. 2013; Siu et al. 2014]. Furthermore,
players showed an unwillingness to provide some forms of data, regardless of the rewards offered by games, leading to
incomplete data submissions [Kapenekakis and Chorianopoulos 2017]. While game features generally had little effect
when attempting to increase the accuracy and quality of submissions, studies suggest that players are influenced by
the way in which tasks are framed. Presenting tasks in a manner which emphasises their scientific value and players’
altruistic motivations encourages players to spend greater time and effort on each subnmission — leading to an increase
in the quality of submissions without reducing engagement [Mekler et al. 2013].

4 CITIZEN SCIENCE PROJECT SURVEY

4.1 Methodology

In order to obtain a more complete picture about the uptake and use of these elements, we surveyed and observed
a number of projects, and quantified how frequently each type of game feature was used. To focus only on “virtual
citizen science projects”, we used the typology presented by Wiggins and Crowston [Wiggins and Crowston 2011] that
suggests such a project should require no physical elements whatsoever (for example, paper-based data collection).
Therefore we targeted only those projects in which all stages were carried out via digital means.

We subsequently consulted the human-curated list of citizen science projects on Wikipedia, and the same list for
human-based computation games, which we then manually filtered to obtain a sub-list of active VCS projects. The
lists were retrieved from Wikipedia in November 2015. Projects were removed if they involved offline activity (97), the
project website was closed or had failed at the time of study (4), the website for the project had ceased (5), there was no
English language version available (2), or in the case of the human computation projects there was no proof that it was
a citizen science project (1). In addition, there were a number of projects that appeared in both lists, so duplicates were
removed (4).

Across both lists we found a high number of incidences of projects drawn from the Zooniverse platform. These
projects were generally very similar, with few (if any) gamified elements and represented the majority of the sampled
lists. In these cases, we made the decision that where there were numerous projects from the same platform, each of
which typically used a similar set of features and shared many characteristics, we took a subset of these projects. Such
restrictions were particularly necessary given the possibility that just the one, predominantly non-gamified platform
would have a much more significant impact on findings. We obtained a final list of 31 VCS projects that we then assessed
in order to establish the prevalence of different game elements. The final selection (see Appendix 8) is not intended to
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Game Elements Game Characteristics
Points Narrative
Badges Altruistic framing
Leaderboards Sociability
Progression Tutorial
Status Collaboration
Rewards Competition
Roles Learning
- Option to skip

Table 4. Game elements and characteristics surveyed in each project

Game Element ’Game’ Projects (N=14) Non-game Projects (N=17
Points 13 4
Badges 5 4
Leaderboards 11 6
Progression 7 2
Status 5 1
Rewards 4 4
Roles 1 3
Narrative 5 1
Altruism 11 15
Sociality 6 9
Tutorial 7 12
Collaboration 4 8
Competition 12 5
Learning 3 13
Skip 6 6

Table 5. Survey results for projects describing themselves as games and projects not described as games.

be an exhaustive list of all VCS projects (particularly because we filtered many similar Zooniverse projects); rather we
were interested in finding those projects with sustained activity (indicating sufficient popularity to avoid closing) that
could be used to assess design decisions.

For each project, we assessed whether or not it included certain game elements or characteristics, specifically: points,
badges, leaderboards, progression, status, rewards, roles, narrative, altruistic framing, sociability, tutorial, collaboration,
competition, learning, skip (also depicted in Table 4).

4.2 Results

The previous section shows that the literature has a generally positive perspective on a number of game elements in
certain projects. Our survey of projects revealed the extent to which various elements were employed by the 31 projects
in our sample, with the results depicted in Table 5.
Manuscript submitted to ACM
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4.3 Comparison with Literature Findings

Overall, our results demonstrate that the game mechanics of citizen science games predominantly rely on providing
extrinsic rewards for participation — rewards such as points and leaderboard rankings. As points are probably the most
basic form of tracking a user’s progress through the game, this is perhaps not surprising; badges, progression, status,
rewards and roles are all features that would in most instances need to build on the implementation of points in the
first place. Nevertheless, although the findings of our literature review suggest that cooperative elements motivate
greater participation than competitive elements, almost all of the 14 game projects leveraged competition as a game
mechanic. Similarly, in spite of the effectiveness of narrative and progression based gaming, these features were
relatively uncommon and closely linked — progression was exclusively linked to proceeding through narrative arcs.
Opportunities for social interaction were present in 50% of games, with few opportunities for group and team forming,
contrary to the positive role these features can play in encouraging long-term participation.

While learning was not a motivation associated with gaming, we found a small number of games that offered players
the chance to learn more about the underlying science associated with a game. In addition, perhaps contrary to the
reliance on extrinsic motivations, the majority of projects framed tasks in terms of altruistic values and the importance
of tasks for science. Tutorial systems were present in around half of the games surveyed, to assist players in learning
how to contribute. These systems varied in complexity, length and the effort demanded of players — FoldIt featured the
longest tutorial process. It should be noted that while tutorials helped players ’learn’ to play their respective games,
these tutorials were not learning features — none of the tutorials explained the underlying scientific research.

4.4 Distinguishing Games from Non-game Projects

In order to extract information about how the projects were described, compared with what elements they used, we also
carried out a similar frequency check on the projects by splitting them on whether or not they described themselves
as a ‘game’. We searched for each project using Google, along with the word ‘game’ and for those projects which
provided no result (e.g., they listed the project, but with the word ‘game’ missing), we then looked at the project website
for references to it being a game. 14 of the 31 projects were found to describe themselves in some way as a game. In
Figure 5 we see that for the game elements from Seaborn and Fels’ (points, badges, leaderboards, progression, status,
roles), those projects that describe themselves as ‘games’ do, unsurprisingly, make use of the elements to a greater
extent than those which do not. However, for many of the other game characteristics, it is the ‘non-games’ that more
regularly demonstrate their use—exceptions to this are narrative and competition, which are much more popular in
‘games’. Interestingly, it is the projects that do not describe themselves as games which focus more on the learning
and education aspects of the work and as such suggests that these projects may instead be hoping to engage with
volunteers in a different way, reflecting the suggestions from the literature that projects may offer success through
different forms of framing (e.g. Curtis [2015]). This echoes the tensions described by Prestopnik and Tang [2015] and
Eveleigh et al. [2013], among others, in terms of the impact of framing ’serious’ citizen science tasks as games. While
games frame their tasks through the awarding of extrinsic factors for participation, non-games instead support intrinsic
motivations by reinforcing players’ intrinsic interests through learning and feedback [Jennett et al. 2016]. There are,
however different degrees of such framing and it should be noted, that not describing the project as a game does not
mean that it won’t include any game elements at all. We therefore recognise an interesting difference:

(1) ‘Games’ are those projects that are openly described as being a game, and include the implementation of game
elements and characteristics;
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(2) ’Gamified projects’ do not describe themselves as games, but include some kind of game mechanic;
(3) ‘Non-gamified projects’ rely only on altruistic motivations and do not seek to improve user engagement through

the use of game elements.

5 INTERVIEW FINDINGS

Building on the outputs of the studies discussed so far, this paper aims to provide in-depth qualitative data about the
role of game elements in a VCS project, for which interviews were carried out with the EyeWire project team.

5.1 Methodology

Semi-structured interviews were run during February 2017 with members of the design team for the EyeWire project–a
gamified citizen science approach to mapping the human brain (see Figure 1). Three interview sessions were carried
out in February 2016 by a single researcher, covering six participants who represent the entirety of the full-time staff
working for the EyeWire project at the time. The six members of staff were:

(1) Community and Project Manager - Responsible for overseeing the project, this participant was interviewed alone
during interview session one.

(2) Designer - Responsible for designing artistic and interface elements, this participant was interviewed alongside
the developer during interview session two.

(3) Developer - Responsible for implementing new design elements and resolving system bugs, this participant was
interviewed during session two.

(4) Game Master - Responsible for interacting with the community, planning and running community-engagement
activities and elicting feedback from the community. Interviewed during session three.

(5) Game Master - Interviewed during session three.
(6) Game Master - Interviewed during session three.

The purpose of the interviews was to understand the thought processes and design decisions taken by the citizen
science designers relating to gamification elements, in order to provide further details about why these elements were
introduced, how they are assessed by the project team (in terms of their performance relevant to the aim of the project),
and whether or not it is felt that they are ultimately successful. We followed a semi-structured schedule in order to
ensure that a key set of questions were asked and answered 4, but wanted to allow the participants to deviate where
necessary so that we could gain insights into the entire process of design and the reasons behind the introduction
and use of gamification. We used thematic coding to analyse the interview transcripts [Pope et al. 2000], eliciting the
concepts and themes discussed by each participant that help shed light on the perceived success of the game elements.

Interviews were transcribed by a single researcher, before being checked and corrected by a second researcher. These
transcripts were initially coded by a single coder using NVivo, with a qualitative codebook used to allow flexibility as
new themes were discovered within the interview transcripts. The process used was iterative - An initial set of codes
was devised in anticipation of opinions and thoughts about the use of game elements and their effect on the citizen
science project as a whole. A second thematic coding analysis was used based on this initial set of codes to extract
the underlying themes from the participants’ responses. The transcripts were then coded independently by a second
researcher. Differences between the two coding schemas were analysed by a third researcher, responsible for resolving
these differences. The remaining findings within this section are grouped according to the emergent themes identified

4A full list of these questions can be seen in appendix B
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during the thematic analysis process. A summary of the interview findings and the relevant respondents grouped by
these themes can be found in Table 6

5.2 Decision Making

Given the limited time and development resources available for the project, a common theme mentioned throughout the
interview process was the need to carefully consider which features and changes should be made to the EyeWire project.
In spite of the scientific needs of the project, the team predominantly described player-driven changes to gameplay and
game features, rather than to the underlying scientific infrastructure of the project.

“We have completely redesigned the interface of Eyewire, we’ve designed a different onboarding system that’s gamified,

has narrative, has art that goes with it. We’ve built a notification system, a pop-up system, a better infrastructure for joining

teams. An idea for how players could form their own teams and compete. We have reimagined how you would have an

automatic level progression system. Most of the things that we’ve wanted to build are more on the game mechanics side.”

(Participant 1)

In truth, the team rarely made use of quantitative data for decision making. This was predominantly reserved for
contexts in which development time would be spent on scientific needs, where players would be largely unaware of the
changes made.

“We’re more influenced by player feedback.” (Participant 2)

Usually if we’re doing data-driven feature development or feature iteration, it’s in the interests of efficiency, or proving

that this is a feature that’s needed.” (Participant 1)

Nevertheless, this reliance on player feedback raises a number of issues. The first of these is that the team found it
much easier to obtain feedback from those players who are highly engaged to the point at which they are considered
‘top players’, whereas there aren’t as effective mechanisms for eliciting these views from newer volunteers who perhaps
aren’t as involved yet in the social side of the project. This has led to a development schedule focusing on maximising
engagement from existing users and a resulting trade-off in engagement from newer and less active players.

“We have over time probably grown more towards building more features for power players. And that has had a negative

consequence of not dramatically improving our onboarding for new players.” (Participant 1)

“[H]ere we’re trying our best to sustain the community, give them what they need and keep the project moving forward.”

(Participant 3)

Moreover, a significant insight raised by the team was the difficulty in ascertaining the accuracy of feedback given by
the community. Of particular interest was the anecdotal description of the introduction of the Scythe Complete feature,
where the team had worked closely with top players to understand their views. Initially the scientists behind the project
had hoped that the new feature would increase the accuracy of results and players had expressed their interest in being
able to further assist with scientific research. Ultimately, however, the feature went unused as players preferred the
better rewarded task interactions, with a greater bearing on their leaderboard ranking and point score.

“[Our mistake] was to listen to what people say, not what they do. The players were enthusiastic about it, they thought it

was cool. [But] they like to say that they don’t play for points, but they do” (Participant 1)

5.3 Game Elements

Throughout the interviews, our focuswas on understanding how andwhy the participants selected gamification elements
to add to the project. The main elements whose use was described by the interviewees were points, leaderboards and
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badges. However additional game features, including chat, competitions and accuracy bars (for showing performance)
were also discussed.

Points, generally a crucial aspect of games and required for other game features, were described in all interviews as
the fundamental element that drives the game within EyeWire.

“The most important? Probably, you know, points is up there. . . . because you know, your core task in Eyewire is to map a

branch of a neuron from one side of the cube to the other and the reward that you get for doing that cube is you get points.”

(Participant 1)

“Anything that contributes towards your points score is definitely more incentivised than things that don’t.” (Participant

4)

However, whether or not the use of points is seen as an effective means of increasing engagement is uncertain. While
the respondents were positive about their influence on driving a certain portion of the player-base to engage, it was not
clear how effective they were for all players. In particular, it should be noted that EyeWire is very much a point-based
game. Points were a fundamental part of EyeWire from the very earliest phases of the game and at no stage had the
team conducted comparative testing on the effectiveness of other, less extrinsic elements. Rather than drawing on
any specific evidence, the team’s opinion on the use of points predominantly stemmed from their views of participant
motivations:

“Are they motivated by points? Are they motivated by joy? Are they motivated by the community? I think that we have

players that are motivated by all of these categories.” (Participant 2)

“I think people like the points score the most, not just because it’s on the leaderboard, but because it’s kind of the core

interaction that they’re familiar with, but also you can... It’s a value that can accrue the fastest in a sense.” (Participant 5)

Overall, the EyeWire team expressed the view that they felt participants in VCS games expect to be sufficiently
rewarded for their time and effort. It was this philosophy that drove many of the subsequent decisions to implement
and modify features. Elements such as badges were added to reinforce the impact of earlier reward systems, ensuring
that players did not exhaust the point systems. The team expressed the concern that accumulating points with no sense
of getting closer to any victory would not otherwise provide the motivation to continue, requiring the introduction of
further elements to encourage engagement with the project over a longer period of time.

“Any game, if it’s a game, generally speaking needs to have a reward system.” (Participant 4)

“[P]oints can be... They can seem a little arbitrary and you know, once you have tens of thousands of points, you know

what’s another one or two hundred that you get from doing a cube? So we introduced badges.” (Participant 1)

However, this raises something of a contradiction. A common theme expressed by the team was the limited develop-
ment time available for the project. Conversely, by the participants’ own admission, iterative development was required
to regularly produce new badges, or achievements, that players can play towards and remain engaged. Participants
suggested that this reliance on reward mechanisms was largely due to the difficulties perceived by the team in modifying
the scientific task to allow progression or introduce narratives:

“Some of them, [the ultimate aim] is just ultimately winning. In our case it’s points, you get to be above your other peers

in showing how successful you are. Because you can’t really win Eyewire.” (Participant 4)

Nevertheless, the team did describe a small number of progression-based features. In particular, this lack of an
opportunity to win led the team to introduce smaller goals and forms of progression — specifically competitions and
accuracy bars displaying a percentage accuracy score for each player. While the developers believed that players were
motivated a lot by the accuracy bars that EyeWire uses to display the ‘quality’ of a user’s contributions, this feature
caused mixed effects as players became more concerned with maintaining a good score on this as opposed to completing
Manuscript submitted to ACM
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certain types of work. The team found it apparent that different levels were required in games to ensure that players of
different ability and experience may play the game in a way that is most fulfilling for them, while experiencing a feeling
of progress. At the same time, they expressed the belief that players would lose motivation if they felt their own scores
would be affected by the ability of others in the game, and so care had to be taken to ensure that similarly-experienced
users were grouped together. This was not an easy task given the need to maximise contribution levels from players
and to ensure players were not unneccessarily prevented from contributing to the game.

“[T]here is some issues with accuracy being shown, in that certain higher ranked players prefer not to play on easier

cells, because they’re more likely to be compared with lower ranked players. And that can temporarily affect their accuracy.”

(Participant 5)

It is notable that many of the features described supplemented, rather than augmented the EyeWire task. The team
themselves raised this issue multiple times during the interview process. Questions like what is a game and what do
players expect from a game experience were crucial to the team, not only in design but also in the daily running of
EyeWire. In particular, the team made the comparison with other citizen science games - notably FoldIt and EteRNA -
which they felt had the look and feel of a game, while still retaining the core of citizen science activities. In comparison,
despite the perceived value of the game elements introduced to EyeWire, the team nonetheless remained concerned
that there were issues surrounding the tasks assigned to players — specifically, that it remained relatively ’dry’ and
work-like.

“We call it a game, but is it a game?... I think there are some games, ETERNA, for instance, that feel like a game. It literally

feels like a great game on the internet, it’s engaging, the graphics are cool, the interaction is really fun...” (Participant 2)

Arguably one of the most successful features as perceived by the team was ultimately not a game feature at all,
but rather one introduced to assist players in helping one another contribute to the game. The team’s perception of
player use of the chat feature was highly positive and they noted that it was one of the key elements in overcoming the
work-like feel of EyeWire. In fact, the team’s perception of chat and its importance for players was so great that they
had introduced a trivia competition class solely to encourage chat participation — even though the competition itself
yields no scientific data.

“I’d have to say chat, because with a small community they get to know each other and it kind of makes up for maybe

the dryness of the default work that we’re having them do” (Participant 3)

“We also have our trivia, which happens during those competitions that has absolutely nothing to do with game play

itself... It gets people excited to talk to each other” (Participant 5)

5.4 Game Evolution

We were particularly interested in eliciting from the team how the game has changed over time and whether there
were any procedures that were followed before deciding to introduce a new game element or feature. We have already
covered the introduction of new sets of badges to increase the motivation for players who have already collected all of
those available, but there were other changes that were discussed related to this topic.

The initial version of EyeWire was relatively rudimentary with few features. Players could earn points and leaderboard
rankings, but these would reset after each day. Ultimately, this was the extent of the early EyeWire game interface.
Changes were predominantly motivated by a sharp reduction in player numbers:

We launched Eyewire, there was a huge bump in traffic and then after like, a month it just dwindled back down and we

were like ’crap, what’s going on’?” (Participant 1)
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In response to this reduction, the team opted to focus on introducing competitive elements to the game. The reasoning
behind this introduction was twofold: firstly, the team felt that competitions were integral elements of any game and
secondly, that players were eager to show that they were the best.

“[We thought] ‘It’s probably because we don’t have any competitions!’ These people expect a game. Let’s give them a

game” (Participant 1)

“It was kind of like an ad hoc community thing where one players was like ’I’m the fastest neuron tracer in the world’.

We were like ’Oh yeah, want to back it up? Let’s do a competition!”’ (Participant 1)

Nevertheless, while the team believed in the effectiveness of these competitions, participant 5 explicitly stated that
no effort had been made to monitor competition sign-ups. Rather, it appears that from the team’s perspective, the
introduction of competitions had the desired effect of reigniting interest in EyeWire. Rather than continuing and
exploring other features which may have been less successful, the team instead opted to strengthen these competitive
elements, adding additional infrastructure and competition models.

In addition to competitive elements and similar to recommendations made within the literature, the team implemented
progression opportunities and unlockable features. Players who demonstrate high levels of accuracy are able to access
new features and receive indicators of their status to display to other players. This introduction brought in the use of
Seaborn and Fels’ ‘Roles’ element, which gives players another motivation to try and progress in terms of their class
[Seaborn and Fels 2015]. These roles, however, were predominantly introduced to reduce the workload assigned to the
team.

“As the player base proved that they were better, we adapted the game system to give them more power and we give them

more power and allow them to have more features by giving them a ranked class. So they become mentors or moderators

which is mentors helping other players, moderators policing chat.” (Participant 1)

“Because [when] there was not a good system for giving more power to the players who were actually good in Eyewire, it

meant that the burden was on us to make sure to be fixing community errors.” (Participant 1)

Perhaps surprisingly, the introduction of features to the platform did not appear to follow any exact strategy. Rather
than drawing on the experiences of other games or recommendations from the literature, the team instead drew
predominantly on their own observations of the community’s needs and specific feedback from top players.

“[we ask] what does the community need, what are they struggling with, how can we make their lives either more efficient

or more enjoyable? (Participant 2)

There did not appear to be much influence from other citizen science games in terms of evidence of what game
elements are effective that led to the introduction of features in EyeWire. However it was suggested that generally the
team has an awareness of what other games (not necessarily citizen science games) have and are doing:

“Thinking about what elements other games have, I’m sure that plays into what I think would be a good feature for the

game.” (Participant 6)

This raises the question of where the team got the idea for specific new features - for example, the reasoning behind
the early decision to focus on competitions. Far from being an evidence-based process which is carefully researched and
implemented, the team suggested that these decisions were predominantly ’gut’ decisions, based on the participants’
own views and opinions. Our findings suggest this was for two key reasons - firstly because the team had negative
perceptions about the genre of VCS games and secondly because of a lack of resources.

“But I would say, fundamentally, it’s more due to what... Like, people here at headquarters think may sense for the game

and not necessarily looking at say ’what’s Foldit doing right now?”’ (Participant 5)
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On the one hand, this approach - according to the team - has been relatively successful in maintaining the engagement
of these top participants, there has been less engagement from newer players and those displaying average levels of
activity. Furthermore, the team described struggling with prioritising features, noting a large backlog of new elements
intended to improve the game experience that had yet to be introduced.

5.5 Monitoring Impact

We also investigated how the team track the effects of changes and assess whether the introduction of new game
features was positive or negative. Generally, the standard player engagement statistics are examined on an ad-hoc basis
to see if there were changes in player activity, and whether these were as a result of a particular change:

“[I]f we know when a certain feature was released, or whatever, we can be like ‘oh that spike there was when we released

this’ or ‘oh, we released this then, but I don’t actually see much of an impact’.” (Participant 4)

“We look over time at our cell completion rate and it’s going up and that’s good. We don’t spend a huge amount of time

devotedly scouring through stats and looking at engagement, churn rate and things. We’ve gone through periods where

we’ve looked a lot at the stats, but the kind of takeaway has been - We know a lot of this stuff, we know the things we need

to like improve a lot of these numbers. The problem is we don’t have enough development time. So, we’ve just focused on

other things.” (Interview 1)

Indeed the qualitative insights are almost more important for the team in order to understand more the effects of a
new feature, rather than the statistics about how much that feature is being used which appear to require too much
time to track effectively. This emphasises the importance of the chat functionality on EyeWire, that provides a real-time
stream of the players’ thoughts on what is good or not.

“I think what is more challenging for us is understanding like the softer points of how the players are using a new feature.

How they’re going about reaping cubes, how they communicate with one another on a tough cube, how we can give them

feedback . . . You know, just those how cases are a lot harder, but they’re a lot more valuable to us, like how does a player

learn to be good at Eyewire? We think it’s by doing a lot of cubes. We think it’s by talking to other players.” (Participant 1)

Explaining further, we extracted a key insight into the mindset of citizen science players and the importance in this
case of the tasks feeling like a game, rather than work:

“[T]hey sort of played around with it for a while. But then after a couple of weeks, maybe a month, they weren’t really

using it very much and so we just kind of started - I just started doing chat interviews with the players and I was like ‘why

aren’t you guys using this’? And they were like ‘Oh, well, we just - We dropped down on the leaderboard’. ‘We’re - What’s

the point of doing this? It just feels like work’. That was their feedback. It felt like work. And they didn’t want the game to

feel like work. And I think they felt like work because there was no reward.” (Participant 1)

It was in response to these reports from players that the team once again turned to reward mechanisms to make
tasks more motivating. Yet we note there remain questions surrounding the extent to which rewards alone can make
an unrewarding work-like task feel like a game. This reiterates the earlier point made by the team surrounding the
expectations of players - players expect a game, but is that what they receive? While the team were quite confident
that players did not expect the game to feel like work, they were overall less confident about where the work/game
distinction might be found.

5.6 Is Science a Game?

A common theme throughout the interview process was the existence of a number of issues resulting from reconciling
the needs of a game with the needs of scientific research. One tension mentioned by the EyeWire development team is
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the visibility of features that are introduced. The team described issues arising from the needs of the project in terms
of science and the extent to which players will be aware of these changes. In particular, there was a need to reach a
balance between the needs of the players and the needs of the project scientists:

“[Suggestions for] features we should improve on is sort of from two directions. We either say what does the community

need... And then there’s the back end side, which is the scientists at Princeton that say we need to get more work done.”’

(Participant 2)

This became particularly problematic in the case of adjustments to the project that were required to increase the
accuracy of submissions.

“the way that we generated the 3D meshes. It’s very new geometry. They’d definitely grown attached to the old way that

things look... They perceived the defects as details.” (Participant 3)

“[New meshes] had fewer discontinuities in them and they were more scientifically accurate, but ironically the community

had grown accustomed to the discontinuities in the old meshes.” (Participant 2)

While the game itself does not negatively impact the quality of submissions, players resist efforts to improve the
suitability of submissions for scientific research. This is surprising given that a desire to contribute to scientific research
is a key motivation among EyeWire players, as well as VCS game participants more generally [Tinati et al. 2016].

A further tension arises from the slow rate at which scientific research advances. Players expressed unrealistic
expectations of the speed at which research would progress and expressed disappointment in interactions with project
scientists:

“Science goes slow. One of the players was like ’so what have you learned since last time’? And I think one of the researchers

was like... ’Oh, we haven’t even looked at them’ That was the truth but it made the players feel like crap.” (Participant 1)

As a result of this, the team have made an effort to shield players from interacting with project scientists. This raises
questions about the extent to which participation in science is truly motivating for citizen science participants. Rather
than altruistic contributions to science research more generally, observations from EyeWire suggest that players are
motivated by contributing to specific scientific discoveries and research outcomes.

A related third and more complex issue concerns the extent to which a successful game is a successful scientific
methodology. “There was definitely a push to make Eyewire more efficient than it currently was. Because for a time, when

you really did the maths, it was like... The amount of money that was being put into... Like... Paying employees to run the

citizen science game itself was more than the money being put into paying tracers at Princeton to just do it themselves and

the quality of the data was not necessarily better on our end.” (Participant 5)

“Have people heard of this, are they interested in it? And then whether or not the project is successful in producing

something. There’s certain kind of degrees of where you find a project successful.” (Participant 4)

A repeated concern expressed by all members of the team was the tendency that players showed to request features
that were neither suitable nor feasible for a citizen science game.

“[Players] are very vocal and we usually have a list of things we have to do.” (Participant 7)

“Our problem is ... based on trying to get outsiders to help offer kind of new game ideas is that we have various... a lot of

restrictions on how we need to do things to kind of get accurate scientific results.” (Participant 2)

These findings suggest a further potential data quality issue arising from citizen science games. If the EyeWire project
is to be financially and scientifically viable, the team must make every effort to maximise the quantity of contributions
made to the project. At the same time, to truly maximise contributions, the team face compromises in terms of the
features available in projects and the accuracy of the submissions gathered from players. Moreover, balancing the needs
of two different communities - players and scientists - is an important, but complex process. Many of the changes
Manuscript submitted to ACM
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Table 6. Summary of Interview Findings

Theme Finding Respondent
Decision Making Limited time and resources available to VCS games compared with other

genres
1, 4, 5, 6

Decision Making Player feedback, understanding how features perceived more valuable than
player statistics

All respondents

Decision Making Feedback easier to elicit from most active players - leads to development
focused on this group

All respondents

Decision Making Player feedback does not always match reality of player behaviours 1, 2, 3
Game Elements Players Prioritise tasks with greater rewards/point scores 1, 4, 5, 6
Rewards Rewards (e.g., points) lose value over time as players accrue greater numbers 1
Rewards Progression hard to introduce - no final goal to achieve or obstacle to over-

come
1, 5, 6

Rewards Individual reward elements do not make task into game 2
Rewards Social interaction effective at breaking up monotonous tasks All respondents
Rewards In games, less rewarding/fun tasks abandoned, regardless of importance for

project
1, 2, 3

Game Evolution Individual game elements insufficient to motivate long-term engagement 1
Game Evolution Competition between players promotes long-term engagement 1, 4, 5, 6
Game Evolution Players can moderate game and chat activity effectively 1, 5, 6
Game Evolution EyeWire evolution based on gut instinct, player feedback - not observation

of other games
1, 3, 4, 5, 6

Game Evolution Limited resources lead to slower rate of feature introduction All respondents
Monitoring Impact Interaction with/observation of players sufficient to understand impact of

features
1, 3, 4, 5, 6

Science vs Game Projects must balance science and scientist needs with player needs All respondents
Science vs Game Introduction of improved features can be demotivating 2, 3
Science vs Game Slow progress of science negatively impacts on volunteer intrinsic motiva-

tions
1

Science vs Game Fun games not necessarily efficient or cost-effective 1, 4, 5, 6
Science vs Game Scientific needs limit features which can be added to games All respondents

introduced by the team were ultimately one-sided, addressing the needs of players with little impact on project outputs
or alternatively ensuring the accuracy of submissions while impacting on player engagement.

In the case of EyeWire, at least, while the scientific activity can be made into an engaging and challenging game, our
findings suggest that contrary to motivational findings suggested by the literature, it is the game elements - points,
rankings and progression - that attract and maintain the interest of players.

6 DISCUSSION

We have investigated the use, reporting of and effectiveness of gamification elements in virtual citizen science. Within
this paper, we have provided three contributions: (1) a review and summary of existing literature into gamification
effectiveness for VCS, (2) an overview of what game elements are used in VCS projects, and (3) findings from interviews
carried out with the EyeWire project team to understand more about how these elements are introduced to the game,
tracked and assessed to determine their performance.
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6.1 Gamification, Engagement and Motivation

Overall, our findings suggest that gamification and the use of game elements supports rather than replaces other
motivational factors which are common in less gamified projects. Previous research has identified altruistic motivations
as important factors in encouraging players to return to projects and shifting from short-term to long-term contribution
patterns [Crowston and Fagnot 2008; Rotman et al. 2012]. While the literature review process provided some evidence
that game elements have a similar effect, this was not supported by all sources and moreover, the EyeWire team suggest
that extrinsic reward factors such as points can be demotivating in the long-term as players gain increasingly more and
such rewards lose context. In fact, experiences that evoke negative emotions - emotions such as distress or sadness -
have been suggested to nevertheless motivate player participation in games, if the players feel that they can make a
difference through their participation [Iacovides and Cox 2015]. This suggests that altruistic motives are more significant
than extrinsic factors and ’fun’ for long-term participation.

Furthermore, the literature demonstrates that it is intrinsic factors - specifically interest in the underlying research
topic, field or in science itself - that is the single biggest driver of participation in citizen science. This is not to suggest
that extrinsic factors and game-elements do not have any inherent value for volunteern motivation, as the EyeWire team
suggest that game elements were highly effective for their ’power players’ and had a positive effect in terms of player
retention and project efficiency. However, these elements enhance, support or otherwise compliment players’ intrinsic
interests and the way in which players perceive tasks, rather than replacing such factors. In this way, game-based
projects are similar to non-gamified citizen science intiatives, which rely heavily on players’ own interests [Wiggins
and Crowston 2011]. Nevertheless, there is some evidence in the wider gamification literature to suggest that framing
tasks as games can make them more interesting and enjoyable, potentially impacting on players intrinsic motivations.
Lieberoth [2015] demonstrates that even the simple act of framing a task as a game is as motivating for participants
as the introduction of game elements themselves, although these elements were also suggested to be intrinsically
motivating.

Nevertheless, there is a complex interplay between the motivations demonstrated by citizen scientists and we suggest
that introducing extrinsic factors to tasks which rely on participants’ altruistic or intrinsic motivations can have
unexpected effects. In particular, we note the example of EyeWire’s Scythe Complete feature, which while of great
importance to the project and which was framed in a highly altruistic manner, was nevertheless avoided by players
who suggested that it was not fun and offered poor rewards. The team similarly suggested that activities offering higher
rewards and point scores receive more attention from players than those which do not, even though in previous studies
of EyeWire players have described their motivations as predominantly intrinsic or altruistic [Tinati et al. 2016].

Our findings also contribute to the discussion surrounding the use of competitive and collaborative elements in
gamified citizen science projects. While competitive elements appear to be somewhat more common - and in some
games, such as EyeWire, form the backbone of gameplay - players as a whole are more engaged by opportunities for
cooperation and for social interaction. Nevertheless, different groups of players respond differently to competition
and highly active and younger players have been suggested to be more engaged by competitive elements than by
collaboration. This suggests a potential trade-off between the needs of a high performing minority and a larger, but
less active minority. Nevertheless, mid-performing players may also be motivated by competing with themselves
through leaderboard and point features, even if not otherwise engaged through competition with other players and
these features may also contribute to ’normalising behaviours’, where players feel a (self-driven) social pressure to
do their fair share of the work [Preist et al. 2014]. It is unclear from the literature to what extent this phenomenon is
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unique to gamified and game-based projects. While on the one hand, building relationships with fellow players and
scientists and collaborating with the community towards common goals have been identified by players as key factors
motivating their participation in citizen science [Nov et al. 2011; Rotman et al. 2014], participants in Galaxy Zoo and
other Zooniverse projects did not describe social interaction as a strong source of motivation [Cox et al. 2015; Raddick
et al. 2013]. This is perhaps surprising, given that sociality was more common during our project survey among those
projects which did not describe themselves as games than those which did.

It should be noted also that gamification is not a ’one size fits all’ solution to the problems associated with motivating
and engaging citizen scientists in project activities. As demonstrated by our literature review findings, participants who
are highly intrinsically motivated and those who are less active or less motivated respond poorly to gamified elements,
either because they are perceived as trivialising serious and otherwise motivating tasks, or because they introduce
stress and high levels of competitiveness that participants cannot hope to match. However, our findings also suggest
that such features also have no effect on average performing users - a group characterised by interview participants
four and five as ’lurkers’ who respond neither positively nor negatively to the introduction of game elements.

6.2 Use of Gamification in VCS

The most popular game elements used within the surveyed projects were fairly straightforward. Points and leaderboards
were commonly used, adding game mechanics to certain tasks and introducing some form of competition. These
features were commonly assessed in other studies summarised earlier in this paper. However their complexity in terms
of gameplay and engagement is limited, which suggests that there are still opportunities for development.

Our findings show that recommendations and best practices from the literature are not always followed when VCS
games are designed and implemented. For example, in spite of the importance associated with altruistic and intrinsic
motivational factors in prior studie, these motivations are not necessarily present when considering the features
implemented within projects. While the surveyed games demonstrated a high proportion of altruistic framing, such
features were absent in non-game projects with gamified elements. VCS games also demonstrate a tendency to make
use of competitive elements, in contrast with recommendations from the literature, which suggests that volunteers
respond more positively to collaborative and team-based activities.

One possible explanation for the difference between the theory of literature findings and the practise of project
design is the relative simplicity of implementing features. The interview findings suggest that some of the features
that are most appealing to players, such as narrative framing and progression opportunities, were time-consuming
and difficult to implement, due to an incompatibility with VCS contexts — in particular, the lack of a feasible ultimate
goal to reach or issue to overcome. Similarly the tendency for reward elements such as points and badges to eventually
reduce in value as players exhausted the games reward scheduling, requiring further effort from developers who must
implement further mechanisms.

At the same time, more advanced game elements would require both expertise within the project team and an
engaged community to demand them. For example, we noted from the existing literature that story-based games could
be more interesting for some groups of users [Prestopnik and Tang 2015], yet the use of narrative was rare in the projects
that we surveyed (Figure 5). Shaping a game around a narrative could be seen as a considerably bigger development
task, predominantly as unlike other ’features’ narratives are far more complex and of much more significance - framing
both the task and all other features. This was particularly problematic especially when there are restrictions on many of
these projects to ensure that they are still scientifically useful—as discussed by the EyeWire team. Due to the relatively
low use of narrative so far, it seems that there remains an untapped potential to frame game tasks around some kind of
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story, which could go some way to reaching those citizens who are not motivated by points or competition. In particular,
our findings suggest that these more intrinsically motivated players are currently less well served by VCS games than
those who enjoy extrinsic rewards.

EyeWire makes use of different player roles as a way of demonstrating experienced players’ advanced status in the
game and appealing to various types of motivations. However, in the projects we surveyed, both status and roles were
not used to a great extent, and different player roles were not the focus of any of the papers presented in Table 7. Even
in EyeWire, the decision to introduce these roles was predominantly motivated by the need to increase the efficency
of the project and to pass more time consuming activities into the hands of players. Nevertheless, having these sorts
of elements can give players something to work towards, and a reward for doing so, in a similar manner to badges.
It is therefore surprising that this element has not been used to a greater extent among other projects, given that it
represents a form of progression that is easier to introduce than, for example, levelling systems or narrative arcs. Future
research could look into tracking the effect of its introduction. Indeed there are numerous opportunities for carrying
out this form of analysis on new elements, where for example A/B testing could be used to demonstrate whether a
particular change has a desirable effect. Again, referring back to the papers in Table 7, very little existing literature has
taken this approach.

Interestingly, the findings from both the existing literature and the interviews carried out in this study point toward
much of the development in VCS games going towards maintaining an existing community of players. The EyeWire
team spoke about adding new features for their “power players” and based on feedback from those already playing to
sustain the community. This echoes and may partially explain a number of literature findings such as Iacovides et al.
[2013] which (by studying EyeWire along with Foldit) found that gamification was useful for sustaining engagement but
had less of an effect for attracting new volunteers. As noted, newcomers to VCS projects are predominantly motivated
by their own altruistic and intrinsic interests in science, but out findings suggest that many gamified projects lose sight
of this. While altruistic framing devices were relatively common, there was a key distinction in non-gaming contexts,
where the use of gaming elements occured mutually exclusively with altruistic framing. This may explain the tendency
that gamified projects like Old Weather observed among new players leaving the project relatively early [Eveleigh et al.
2013].

Based on these findings, we make the recommendation that VCS games and particularly gamified projects should
employ a range of motivational affordances. In their current state, many of the surveyed projects and literature findings
suggest that some groups of players are not well represented in terms of the design decisions made by designers to
satisfy players — particularly those players who are more intrinsically motivated by the urge to engage with science.
Such an effort would have beneficial effects not only for attracting and maintaining player engagement, but also for
ensuring the accuracy of project outputs [Mekler et al. 2013].

6.3 Analysis of Gamification Effects

From the literature, it was apparent that although gamification is becoming increasingly discussed within VCS, there
is still little coverage of the tracking of specific game element performance. The general reception in the studies
presented in Table 7 is that game elements tend to have a positive impact, but in some cases this is challenged, with
some suggesting that the use of competitive features—as well as others—can put off certain players [Eveleigh et al.
2013]. However it is unclear whether in general this effect is true, or whether the projects themselves have deeper
insights into what impact the different elements do have. From the interviews with the EyeWire team, we found that
this analysis was carried out only to a small extent by looking back over player engagement data and whether changes
Manuscript submitted to ACM
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in activity appeared to follow a particular change to the game, rather than tracking the effect of the new element at the
time. Instead, change tracking is carried out qualitatively, using insights from the chat feature which allows a two-way
feedback mechanism, and can ensure any potentially bad effects are negated quickly. It should be noted nonetheless
that comparative analyses of the impact of features - e.g., collaborative vs cooperative activities - were not carried out
by the team, in part due to a lack of available resources.

The importance of tracking changes was underlined in the EyeWire interviews when the experience of listening to
what the community says, rather than observing what it does, was shown to sometimes be unreliable—especially if a
change fundamentally reduces the feeling that the project is a game, or if it causes existing players to start appearing
worse. This is a compelling insight, as it suggests that the community around EyeWire are there because of the gamified
nature of the project, and their motivation is affected when changes subsequently reduce this experience, which would
support the findings of numerous papers discussed earlier where points were argued to be engaging features that helped
to sustain engagement [Iacovides et al. 2013; Mekler et al. 2013; Siu et al. 2014]. At the same time, this raises questions
about the findings of a number of the surveyed publications, which rely on surveys and interviews with VCS players.
We suggest that further analysis of these contexts - i.e., motivation and engagement - is required to clarify the effect
that more intrinsic and altruistic features have on player engagement, when compared with extrinsic point and reward
systems.

Our findings also suggest a number of potential issues in applying game framing and activities to scientific research
contexts. While the accuracy of data submissions has been shown to generally be comparable with non-gaming contexts,
there remains a question of the development time and effort required to attract and sustain player populations. In
EyeWire, the team made frequent note of the various requests made by players and the negative reaction many players
had to changing features — regardless of the intention behind the change or the scientific needs which motivated such
changes. Similarly, it would suggest that removing game elements that have been used by an established community
such as in EyeWire would have a detrimental effect, comparable to those impacts reported in enterprise social networks
[Thom et al. 2012]. This trade-off in balancing the needs of game players with the needs of project scientists is an
interesting area for further research that was not significantly explored in the literature surveyed.

6.4 Game and Non-game Distinction

Overall, our findings suggest that the distinction between those projects which describe themselves as games and those
which do not is not well established. On the one hand, there were certain common trends among the two groups - with
non-gaming projects being more likely to include opportunities for collaboration, learning and altruistic framing, while
gaming projects were more focused on extrinsic motivations. However, no features were specific to only one type of
project and despite not describing themselves as games, many of the ’non-game’ projects analysed within our survey
featured gamified elements such as points. Moreover, within this non-game category, two clear subtypes emerged -
gamified projects, which share many common features with games, with almost exclusively extrinsic features such as
points and leaderboards and non-gamified projects, which rely on participants’ altruistic intentions.

Yet even among those projects which explicitly describe themselves as games, the extent to which the activities
assigned to players resemble a conventional game varies. As the EyeWire team stated, some VCS games better resemble
work activities, while others, like EteRNA, very much have the look and feel of a game. The question of how to define a
’game’ is therefore a key question within this area — or to paraphrase the interview participants: is it simply enough to
describe an activity as a game? Moreover, is it enough to simply add game elements to an inherently work-like task?
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Across our three studies, we have found that VCS games are predominantly defined by restraints such as the limited
resources available for development and commonalities such as the motivations of volunteers. Nevertheless, in its
current state, the genre is not sufficiently defined to warrant specific expectations of what a VCS game might encompass,
either in terms of features, or in terms of the activity and experience provided to players. Our interview findings
suggest that for EyeWire at least, this was problematic, both for players and for designers, who struggled to meet the
expectations of the player base. Similarly, while the surveyed literature included some consideration of the effects of
game framing, there was little in the way of exploration of the impact of specific game activities - e.g., puzzle solving -
when compared with non-game tasks combined with features such as points.

For this reason, we believe that a key future research area should be ascertaining and exploring the expectations of
project volunteers with regard to game and non-game experiences. Given the tendency of EyeWire volunteers to request
and even expect new features which were incompatible with citizen science contexts, we identify a need for greater
understanding of the inherent opportunities that citizen science provides for game play. Such research findings would
be of significant value to the EyeWire team and, we believe, to other researchers looking to make use of gamification to
modify crowdsourcing and human computation tasks.

6.5 Limitations and Future Work

Overall, it seems that the attitude towards gamification in citizen science is that it does generally have a positive effect,
and as with its use in crowdsourcing, future studies now need to address which specific design choices bring about its
success [Morschheuser et al. 2017]. As mentioned above, there is an opportunity to further study the introduction of
particular game elements to existing projects, following A/B testing or other means, to determine their overall effect on
players. Currently the work done to track the effectiveness of particular elements appears limited, and without deeper
insights here there will continue to be a lack of understanding about how best to employ them. Forde et al. [2016] have
planned a more in-depth study on the effects of individual game elements, and gamification in general, on the Fylo
(Fake Phylo) project, following their original research which produced quantitative data that showed no effect, while
qualitative insights suggested the game elements were important. Our findings support their plan, along with their
argument for the need to study the area in more depth.

While this study has attempted to establish the current perspectives in existing literature and projects, we appreciate
that focusing on one VCS game for the interviews only provides a limited window onto the wider VCS scene. However
we believe that the views and experiences of the EyeWire team reflect many of the discussions put forward in existing
literature. Furthermore, while we have analysed existing research for insights into the effects of gamification, we
recognise that a large-scale study across multiple projects and looking at longitudinal engagement data has yet to be
conducted.

In addition, one remaining area of ambiguity is in the impact of game elements on players intrinsic motivations and
the effect this has on the recruitment of participants. Our findings suggest that game elements have little impact on
a players’ initial decision to contribute to a project and that this decision is made based on a players’ own intrinsic
interests. However, there are some suggestions in the literature that extrinsic factors and game elements have a moderate
effect on players’ intrinsic motivations. It is also notable that due to the nature of VCS, there has so far been little
opportunity for A-B testing to compare the importance of science and scientific framing with the impact of game
elements and game-like framing. We nevertheless suggest that this is an interesting area for further study which could
be incorporated into the research process when comparing the effectiveness of individual game elements.
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7 FINAL REMARKS AND CONCLUSIONS

This paper has provided a range of insights into the use of gamification within virtual citizen science projects. While
success in citizen science has been discussed before, there has yet to be the same examination of what constitutes
effective use of game elements in these projects. We provide an overview of the literature reporting on the use of
individual elements and projects, and summarise the current landscape with regards to gamified VCS. We explored these
insights further through the interviews with the EyeWire project team, and found that there appears to be significant
focus on maintaining and satisfying existing communities, rather than reaching new players, and that development of
such features that would motivate new users is hindered by resource limitations compared to traditional game studios.
Our findings have demonstrated that the impact of gamification and game elements on VCS projects is complex - while
active and engaged players are highly motivated by extrinsic and game factors, those players who are more driven
by intrinsic motivations perceive game elements negatively. Moreover, while extrinsic factors may support long-term
participation, intrinsic motivations and altruism remain important drivers for initial participation and the switch to
long-term engagement patterns within VCS. For this reason, game elements should not be used alone, but should
rather be introduced alongside framing devices that support other motivations such as opportunities for learning and
indications of the value of players’ contributions for scientific research. We envisage that the use of game elements in
VCS will continue to rise, however it is clear that more robust tracking and analysis mechanisms are required in order
to truly understand the impact of each particular feature.
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A SUMMARY OF LITERATURE REVIEW PUBLICATIONS

Table 7. An overview of the findings in the literature about gamification use in citizen science projects.

Study Project Method Game element
or features
assessed

Psychological Outcome Behavioural Outcome Positive / nega-
tive impact of
gamification

Bowser et al.
[2013]

Biotracker Field Study
(N=71)

Badges; leader-
boards

Game elements increase
motivation to participate.

Positive

Carlier et al.
[2016]

Ask’n’Seek Web-based
Study
(N=162)

Game Framing Competition leads to re-
duced level of contribu-
tion; Higher level of ac-
curacy (relative to paid
crowdsourcing)

Mixed

Chung et al.
[2017]

Matchmakers Web-based
Study (37)

Visual Load Cumulative Score and suc-
cessful game completions
higher with greater visual
load

Positive

Crowston and
Prestopnik
[2013]

Happy
Match /
Citizen Sort

Web-based
Experiment
(N=200)

Points; Some reported motivation
to play the game.

Neutral

Curtis [2015] Foldit Survey
(N=37);
Interview
(N=10)

Points; Compe-
tition; Coopera-
tion; Sociability;
Tutorial;

Participants believed they
were making an important
contribution to science. Lit-
tle motivation from points
and ranking mechanics.

Mixed: positive for
less-traditional ele-
ments such as chat,
less so for points
and leaderboards.

Eveleigh et al.
[2013]

Old Weather Survey
(N=545);
Interview
(N=18)

Progression/Status;
Leaderboards;
Competition

Motivates some volun-
teers.

Competition leads to ca-
sual participants leaving.

Mixed

Forde et al.
[2016]

Fylo (‘Fake
Phylo’)

Web-based
Experiment
(N=67)

Points, score bar,
accuracy

No significant differences
from gamified version in
terms of intrinsic motiva-
tion, competence and au-
tonomy.

Game elements were in-
formational and useful for
adapting behaviour.

Mixed

Goh et al.
[2010]

Bespoke Ex-
periment

Lab Study
(N=66)

Genre - Coopera-
tive vs Competi-
tive

Competitive activities lead
to significantly higher
numbers of tags and tag
quality

Mixed

Greenhill et al.
[2016]

Zooniverse Participant
Observation

Extrinsic Re-
wards

Participants motivated by
both intrinsically interest-
ing and scientifically valu-
able tasks and extrinsi-
cally rewarded ’just for
fun’ tasks

Mixed
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Huang and Fu
[2012]

Bespoke Ex-
periment

Web-based
Experiment
(N=150)

Game Framing;
Feedback; Social
Interaction

Game framing and feed-
back both lead to increase
in contribution levels -
particularly when com-
bined. Social interaction in-
creases participation lev-
els, but to slightly lesser ex-
tent

Mixed

Iacovides et al.
[2013]

Foldit, Eye-
Wire

Interview
(N=8)

Cooperation;
sociability;
leaderboards;
Points

Participants wanted to feel
they were making a dif-
ference; felt that evidence
of project progress was re-
warding; chart and forums
increased sense of commu-
nity.

Points and leaderboards
extend sessions; Team-
play led to continued
engagement.

Positive for sustain-
ing engagement, no
effect for attracting
new volunteers

Iacovides and
Cox [2015]

Medical
Student Er-
rors; Nurse’s
Dilemma; Pa-
tient Panic;
St. Error
Hospital

Player Evalu-
ation (N=12)

Game framing serious activities as games
motivates players through
development of empathy
and emotional connection

Positive

Kapenekakis
and Chori-
anopoulos
[2017]

Bespoke mo-
bile app

Field Study
(N=13)

Points Some users motivated to
find new routes, and mod-
erate bad behaviour.

Many players didn’t add
road tags, despite generous
offer of points.

Generally positive

Laut et al.
[2016]

Brooklyn At-
lantis

Web Study
(N=53,090)

Competition
(through virtual
peer)

Participants adjust per-
formance based on that
of their virtual peer, and
contributions can be
increased.

Positive

Lieberoth
[2015]

Bespoke Ex-
periment

Lab Study
(N=90)

Framing Framing tasks as games in-
creases participant moti-
vation even regardless of
game features

Positive

Mekler et al.
[2013]

Bespoke ex-
periment

Web-based
Experiment
(N=172)

Points; framing Points and framing both
increased intrinsic motiva-
tion.

Using points generated
more tags; more time spent
per tag when meaning-
ful framing was combined
with points; framing in-
creased tag quality.

Positive

Pedersen et al.
[2017]

Quantum
Moves

Web-based
Experiment
(N=4553)

Leaderboards No statistically significant
impact on player retention
or accuracy of submissions

Mixed

Ponti et al.
[2015]

FoldIt,
Galaxy Zoo

Interviews
(N=24); Con-
tent Analysis
(N=650,000)

Points; Status Point scores motivate par-
ticipation for some players
- others demotivated due to
use of scripts to automate
processes

Public status announce-
ments lead to cheating be-
haviour and low quality
submissions

Mixed
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Preist et al.
[2014]

Close The
Door

Field Study Points; Leader-
boards

Leaderboards most mo-
tivating for top players.
Average players motivated
by normification and
personal pressure to
contribute to work

Mixed

Prestopnik
et al. [2014]

Forgotten Is-
land, Happy
Match

Web-based
Experiment
(N=900)

Points; narrative Story-based game intro-
duced more cheating be-
haviour, without severely
impacting volunteer ac-
curacy. Volunteer reten-
tion better in points-based
game.

Generally positive

Prestopnik
and Tang
[2015]

Forgotten Is-
land, Happy
Match

Lab Ex-
periment
(N=27)

Points; narrative Story-based game more
interesting; points-based
games that focus on the
science less appealing to
those intrinsically moti-
vated.

Positive

Prestopnik
et al. [2017]

Forgotten Is-
land, Happy
Match

Web-based
Study
(N=4174)

Narrative, Game
Framing

Narrative-based game
leads to reduced par-
ticipant retention; No
significant difference in
data quality, in spite of
cheating in narrative-
based game

Mixed

Sabou et al.
[2013]

Climate Quiz Web-based
Study
(N=648)

Game Framing Game interface leads to sig-
nificant increase in task
skipping and significant in-
crease in project comple-
tion time; Game framing
increases accuracy of sub-
missions compared to paid
microtask crowdsourcing

Mixed

Siu et al.
[2014]

Cabbage
Quest
(GWAP)

Web-based
Experiment
(N=118)

Points; competi-
tion; cooperation

Participants reported
greatest engagement with
competitive option.

Collaboration focus in-
creases accuracy, whereas
competition increases
speed.

Positive

Siu and Riedl
[2016]

Cafe Flour
Sack

Web-based
Experiment
(N=78)

Extrinsic Re-
wards; Points;
Leaderboards

Players more motivated
when allowed to choose re-
wards

When choosing rewards,
player accuracy, number of
contributions and contri-
bution speeds greatly in-
crease

Positive

Siu et al.
[2017]

Gwario Lab-based
Study (N=64),
Survey
(N=64)

Competitive
vs Cooperative
gaming

Players more motivated by
competitive gaming

Cooperative games lead to
slight increase in submis-
sion accuracy but signifi-
cant increase in task com-
pletion time

Mixed

Thaler et al.
[2012]

OntoPronto Web-based
Study
(N=270)

Game Framing Game-based activity leads
to increase in number of
contributions but reduced
submission accuracy

Mixed
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Tinati et al.
[2017b]

EyeWire Survey
(N=1365)

Sociability real-
time chat)

Players establish collabo-
rative mechanism without
formal features for these
activities.

Positive

Tinati et al.
[2017a]

EyeWire Survey
(N=1505)

Learning, 3D In-
terface

Players predominantly mo-
tivated by altruistic desire
to assist science, intrinsic
interests in science and
having fun

Positive

B SURVEYED PROJECTS

Table 8. Projects Surveyed for Game Element Usages. * = Project no longer available at time of publication

Project URL Domain Game

Agent Exo-
planet

https://lco.global/agentexoplanet/ Astrophysics No

Age Guess https://www.ageguess.org/ Biology Yes
ARTigo https://www.artigo.org/ Art History Yes
Asteroid
Vesta

https://cosmoquest.org/x/science/vesta/ Astrophysics No

Asteroid
Zoo

https://www.asteroidzoo.org/ Astrophysics No

Brooklyn At-
lantis

https://cb.engineering.nyu.edu/participate Environmental Monitoring No

Cities at
Night

https://crowdcrafting.org/project/nightcitiesiss/ Astrophysics No

Disk Detec-
tive

https://www.diskdetective.org/ Astrophysics No

EteRNA http://www.eternagame.org/ Biology Yes
Explore the
Seafloor

http://ets.wessexarch.co.uk/ Biology No

EyeWire https://eyewire.org/ Neurology Yes
FoldIt http://fold.it Biology Yes
Galaxy
Explorer

https://www.galaxyexplorer.net.au/ Astrophysics No

Galaxy Zoo https://www.zooniverse.org/projects/zookeeper/
galaxy-zoo

Astrophysics No

Geo-Wiki https://www.geo-wiki.org/ Environmental Monitoring Yes
Mark2Cure https://mark2cure.org/ Biology No
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McMaster
Postcard
Project

https://postcards.mcmaster.ca/ History No

Moon Map-
pers

https://cosmoquest.org/x/science/moon/ Astrophysics No

Old Weather https://www.oldweather.org/ Climatology No
Phylo http://phylo.cs.mcgill.ca/ Biology Yes
Play to Cure:
Genes in
Space

http://www.genes-in-space.org.uk/* Immunology Yes

Reading
Nature’s
Library

https://www.zooniverse.org/projects/mzfasdg2/
reading-natures-library

Various No

Reverse the
Odds

https://www.oncology.ox.ac.uk/page/reverse-odds Immunology Yes

Smithsonian
Transcrip-
tion Centre

https://transcription.si.edu/ Various No

Smorball http://smorballgame.org/ Botany, History, Zoology Yes
Socientize http://www.socientize.eu/?q=eu Various Yes
Stupid
Robot

http://www.tiltfactor.org/game/stupid-robot/ Humanities Yes

The Skynet http://www.theskynet.org/ Astrophysics No
VerbCorner https://archive.gameswithwords.org/VerbCorner/ Linguistics Yes
Weather De-
tective

http://www.weatherdetective.net.au/* Climatology No

Wildsense
Tigers

http://www.wildsense.org/ Ecology/Conservation Yes

C INTERVIEW QUESTIONS

C.1 Participant Introduction

(1) Could you begin by introducing yourself and your role in the team?
(2) What is your interaction with other members of the team like?

C.2 Use and introduction of game elements

(1) What are the most important game elements that you use in your project?
(2) How effective do you think these elements have been?
(3) When introducing new features, do you base your development lifecycle on features you know work in other

games, or your own insights about how players use your own platform?
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(a) Please discuss how has this changed over time?
(b) Are there any features or elements that youâĂŹve considered introducing but subsequently havenâĂŹt done

so and if so, why?

C.3 Feedback on new features

(1) After implementing a new feature, what is your process for receiving feedback on it from the community?
(a) How do you review and act upon that feedback?
(b) What is the relationship between data analytics on the platform and the way in which you re-engineer features,

compared to when you speak to the community?

C.4 Effect Analysis

(1) When looking at effects on user engagement or motivation, do you study this longitudinally, or just at a single
point in time?

(2) When things go wrong, or badly, what process do you follow in order to pinpoint exactly what caused the
problem?

C.5 Success in Citizen Science and Games

(1) What do you think makes a CS project successful?
(2) What are your measures for success?
(3) What do you think makes a game successful?
(4) Do all the aspects you’ve described previously apply to creating a successful CS game? If not, why?
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