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Abstract

In this paper we investigate the implications of providing a
real-time messaging interface in a Web-based citizen science
game. Our study draws on data from two weeks of chat mes-
sages and survey responses collected from Eyewire, a highly
successful citizen science game which enables players to take
part in scientific enquiries, within a semi-gamified environ-
ment. Our analysis reveals that real-time chat facilitates and
supports players for several types of engagement; to collabo-
ration on tasks, knowledge sharing, learning, socialising, sup-
porting other in the community, and to help sustain long-term
participation. Based on the analysis, we derive a set of design
recommendations for citizen science platforms designers, fo-
cusing on the role of real-time chat on improving participa-
tion and performance.

Introduction

Web-based crowdsourcing has become a well-established
method to transform computationally difficult and expen-
sive problems into time-efficient, scalable solutions. It can
mobilise large groups of people, both skilled and untrained,
to carry out significant amounts of work quickly and effi-
ciently (Brabham 2008), and has been applied to anything
from curating online encyclopedias (Hill and Shaw 2013)
and computing data analysis at scale (Lintott and others
2009; Anderson et al. 2002) to creating extensive digital li-
braries (von Ahn, Blum, and Langford 2004). In this paper,
we address a specific type of crowdsourcing, which uses hu-
man intelligence and collective processes to support scien-
tific enquiry (Von Ahn 2009; Gregg 2010).

This form of scientific enquiry on the Web is commonly
referred to as citizen science (Bonney et al. 2009). It relies
on a crowd of volunteers to carry out well-defined tasks that
require little professional training or context.! In citizen sci-
ence, a scientific problem is broken down into smaller pieces
(microtasks), which can be addressed independently from
each other by multiple contributors in the same time. Results
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'Some authors use the term ’virtual citizen science’ or ’online
citizen science’ to emphasise the use of Web technologies and plat-
forms to achieve results faster and at greater scale than pre-Web
citizen science initiatives, which have been around for hundreds of
years.
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from the crowd are validated and consolidated and feed back
into scientific experiments. Projects now exist in many sci-
entific fields, from astronomy to zoology, and the related mi-
crotasks are just as diverse: from identifying cancerous cells
in human tissues by recognising specific types of objects in
pathology images, to studying what species live in national
parks by scrutinising live feeds from relevant locations.

While the diversity in applications shows just how im-
portant the support from citizen scientists has become in
modern science (Waldrop 2008), success is not guaran-
teed (Tinati et al. 2015b). Designing a successful citizen sci-
ence project raises socially and technically tough questions:
how can a fairly complex scientific problem be translated
into microtasks that people can carry out on their own with-
out substantial training? What motivates people to take part
in such endeavours? How to make the experience more en-
gaging and rewarding for them? What is the role of volun-
teers and the processes they use in a scientific workflow?
These questions — among many others — have inspired a
growing body of research in several disciplines, including
social computing, online communities, and HCI, including
system studies (Raddick et al. 2009; 2010a; Zook et al. 2010;
Tinati et al. 2014) and design practice studies (Kraut et al.
2012; Reiss 2004; Preece 2016).

The work presented in this paper focuses on one of the
most successful citizen science projects to date, Eyewire?,
which is a Web-based citizen science where players com-
pete to complete puzzles which are computerised images of
neurons in the Human brain. Unlike many citizen science
projects, Eyewire offers a unique mix of gamification, com-
munication, and scientific workflows.

Our work builds on existing research investigating the
social components of citizen science (Mugar et al. 2014;
Siu, Zook, and Riedl 2014; Tinati et al. 2015b; Bowser et
al. 2013), as well as recent studies of the Eyewire plat-
form (Tinati et al. 2016; 2015a). Given the growing ac-
knowledgement that citizen scientists are not just a class of
unpaid crowd workers, we wish to examine in more depth
how socially-empowering features are used by the players,
and how this impacts their overall experience, not just the
impact of these features with respects task completion per-
formance. We draw upon participants’ responses to an on-
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line survey, as well as 2-weeks of hand-coded real-time
chat messages, and ask questions about the role of real-
time chat in supporting crowd contributions and engagement
with other members of the community. We aim to develop
a richer understanding of citizen science engagement be-
yond the extensive studies describing the motivations and
factors for participation in projects(Raddick et al. 2010b;
Reed et al. 2013)

The study informs the ongoing debate around the effective
design in citizen science, and to advance previous work on
the role of the social in citizen science design (Greenhill et
al. 2014; Eveleigh et al. 2013; Tinati et al. 2016) by offering
detailed qualitative insights into the role of real-time chat in
this context. In summary, real-time chat influences the way
people interact with the system and with peers in three main
ways: it facilitates (a) collaboration on tasks; (b) peer learn-
ing and sharing knowledge with others; and (c) asking for
and offering help within the community. We use these find-
ings as a starting point to reflect on how designers could ef-
fectively bring together rigorous scientific experiments with
crowd-based processes which tend to be less structured or
formalised. In addition to helping designers explore system
features, we regard our findings useful for two other audi-
ences: for scientists in all subjects, who are considering us-
ing citizen science and need to get familiar with their design
space; and for researchers in fields such as online communi-
ties, CSCW, HCI, crowdsourcing, human computation, and
open science, who have identified citizen science as an in-
creasingly important class of online systems that deserves to
be studied and better understood.

Related work

There are several strands of research which have inspired
this study of the role of discussion in citizen science. We
draw upon existing literature pertaining to studies of cit-
izen science platforms; as well as on studies and related
frameworks of motivation and participation in online com-
munities, and the study of computer mediated communica-
tion (Herring 1999).

Previous studies of citizen science and other crowdsourc-
ing platforms have tried to understand what drives people
to engage in such activities (von Ahn and Dabbish 2008;
Raddick et al. 2010a; Zichermann and Cunningham 2011;
Bowser, Hansen, and Preece 2013; lacovides et al. 2013;
Rotman et al. 2012). Brabham et al. 2008 found that con-
tributors were motivated by both the ability to be creative
in a social way, while making money and improving their
reputation and skills. Moor and Serva 2007 articulated mo-
tivations based on correlating expressions, identifying dif-
ferent categories of motivations, which cover intrinsic and
extrinsic aspects. This has contributed to the ongoing in-
vestigation and debate around reward vs. intrinsic factors
of participation (Raddick et al. 2010a; Jackson et al. 2015;
Tinati et al. 2014; Baruch, May, and Yu 2016); with the latest
findings arguing that it is rather the latter (such as altruism,
collaboration, and personal interest) that drives the participa-
tion of amateur scientists. Their findings suggest that whilst
extrinsic factors (such as competition or reputation) might
work well to attract initial interest, it is the intrinsic desire
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to contribute to a worthwhile scientific cause that becomes
critical for sustained participation and community engage-
ment.

Although the social component in Web-based citizen sci-
ence is fairly new, the use of computer mediated com-
munications (CMC) is well-documented as an approach to
help users learn, socialise, and gain support (Herring 1999;
Nardi, Ly, and Harris 2007; Berns, Gonzalez-Pardo, and
Camacho 2013). CMC has primarily examined platforms
where learning is the primary focus, e.g. teaching environ-
ments, distant learning, etc. With respect to citizen science
communications, and more specifically Eyewire, CMC has
studied both asynchronous and synchronous forms of com-
munication (e.g. forums vs real-time messaging), and its af-
fect of learning and socialising (Chou 2001; Johnson 2006;
2012). Findings from these studies suggest that both forms
of communication have a role in learning, and depending
on the environment (e.g. teacher-student, peer-to-peer), real-
time communications can be favourable. However, in con-
trast to platforms where the primary task is for learning (e.g.
a distant learning platform), in citizen science where the pri-
mary task is to crowdsource work amongst volunteers, the
inclusion of social communications may lead to unexpected
outcomes, with respect to the user experience, and the tasks
being completed, as early citizen science studies discovered
(Luczak-Rosch et al. 2014).

However, whilst there is growing evidence of the op-
portunity of using social features in citizen science to in-
crease public awareness (Tinati et al. 2015a; 2016; Mugar
et al. 2014; Crowston, Prestopnik, and Wang Submitted;
Preece 2016), engagement with the community about col-
laborative modes of scientific enquiry is less well docu-
mented, with only recent studies beginning to explore the
value in co-produced knowledge (Pandey et al. 2017). This
shifts away from the current paradigm of the crowd worker,
to considering how individuals can make a significant im-
pact (individually and collaboratively) on the advancement
of scientific knowledge. This is being addressed by com-
bining out understanding of citizen scientist ‘motivations’,
along with the type of workflows that citizen scientists de-
velop alongside the highly prescribed workflows for task
completion.

In our research we analyse the communication of Eyewire
players through the same lens that we would use to under-
stand interactions in a online community. We extend recent
work which has looked into the usage of chat for facilitat-
ing competition and game interaction (Tinati et al. 2015a).
We carry out a qualitative analysis of how participants in
Eyewire conversations report their use of the chat, in combi-
nation with a hand-coded analysis of how they converse and
interact.

Research Question

The study is framed by the question of how players use Eye-
wire’s real-time chat interface; it focuses on the interface
and sociality design features pertinent to improving the over-
all user experience of a citizen science system.



Eyewire
Data and Methods

Survey data. Eyewire players were asked the following
question: “How do you use the real-time chat console”? This
was part of a self-administered online survey run in Septem-
ber 2015 . The survey invitation was shared with all mem-
bers of Eyewire via an email newsletter. In total 1,365 re-
sponses were received.

Real-time chat data. In addition to the survey data, we ob-
tained 53,090 chat messages from the real-time chat con-
sole in Eyewire in order to learn more about the interactions
among participants. These were all chat messages produced
during a randomly selected two-week period in February
2015. The messages also included a number of system-
generated bot messages and status updates about users (e.g.,
performance or joining notifications), and players issuing
game commands (e.g.,‘/stats’ can be used to see how well a
player is performing). Whilst it was possible to remove these
messages prior to the coding, we agreed to keep them to en-
sure that any conversations were identified without filtering,
as this may affect the flow of a conversation — for example,
a single conversation might appear as two if a series of auto
generated messages were removed, which occurred during a
single conversation.

Methods and Coding Based on methods used in existing
studies of social communication (Paulus, Warren, and Lester
2016), we conducted qualitative coding to identify themes
within the chat messages and survey responses (Pope, Zieb-
land, and Mays 2000). Two researchers were given a 10%
random sample of the responses to code. Each of them gen-
erated their own codes based the activities described by the
participants (no themes or codes were given to begin with).
Once completing the initial 10% sample, researchers agreed
on a set of final codes which represented the motivations
found, without containing replication. In order to validate
the coding performed between researchers, we used Cohen’s
Kappa coeflicient as an inter-coder reliability measure, and
calculated an agreement of 85% between codes.

We used a similar approach to code the chat messages.
Researchers were given initially given half of the chat mes-
sages each, and asked to identify conversations between
players. They were asked to mark when a conversation
started and ended, which chat messages they deemed not
relevant, and which players were not contributing to a con-
versation. The marked conversations were then checked by
the corresponding researcher, and agreement was reached.
Again, we found an inter-coder agreement (Cohen’s Kappa)
of 80% between researchers. Following this, coding of
the conversations was performed, with the agreed cod-
ing schema shown in Table 2. Tables 1 and 2 provide an
overview of the final codes. Response and conversations
may be related to multiple codes, for example, a response
may be associated with ‘Gaming’, as well ‘Science’.

Results and Analysis

To begin with, this section summarises the coding per-
formed. In total, 1,365 responses, and 2,000 conversations
were manually coded. From those 2, 000 conversations, 73%
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Codes Sub-code Description of code
Help Responses describing their use of chat for ask-
ing for help
Game Asking game components questions, e.g. scoring
Task Asking task components question, e.g. rotating
the cube
General Asking Eyewire platform questions, e.g. log-in
issues
Learning Responses describing their use of chat to learn
Scientific Asking about the science of the game, e.g. How
are the puzzle images produced
General Asking about the Eyewire platform, e.g. How to
complete puzzles efficiently
Social Responses describing their use of chat to so-
cialise
Observation Lurking behaviour, without contributing to the
chat
Participation To participate in general conversations
Sharing To share with others their current progress and
ways of working
Celebrating To celebrate either their own success, or con-
gratulate others.
Gaming Responses describing their use of chat for
gaming purposes
Competing To compete with others, e.g. set a challenge
Team play To communicate with others within a team

Table 1: Coding schema of Eyewire player responses to the
question “How do you use the real-time chat console”.

Codes
Help

Sub-code Description of code

Conversations about their use of chat for ask-
ing for help

Interface Asking for help about the user interface, e.g.
how to rotate cube

Task Asking for task help, e.g. Can someone take a
look at Cube XX

Game Asking for game related help, e.g. How do I get
more points

General /

Unrelated

Asking for general help e.g. How do I organise
my time more efficiently?

Processes Conversations about their use of chat for tak-
ing about processes

Discussing task processes, e.g. I've just started
cube XX and I've noticed...

Discussing team processes, e.g. player_name,

Task

Team
are you working on cube XX, I'm. ..
Gaming Discussing game processes, e.g. I've just had a

trailblazing streak, what'’s the best...

Knowledge Conversations about their use of chat for either
asking or sharing information

Sharing Discussions about platform insights, e.g. Click-
insight ing X will allow you to...
General sci- | Discussions about general scientific discovery,
ence e.g. Did you hear about the new study which...

Neuroscience | Discussions about neuroscience and Eyewire

findings

Table 2: Coding schema for 2-weeks of EyeWire chat mes-
sages

of the total corpus of messages were included. 80% of the
conversations contained between three and five players; they
ranged from short bursts of discussions (typically less than
five minutes) to longer drawn out discussions (up to two
hours). The longer conversations were identified as conver-
sations asking for help, or requesting information about a



specific task. 63% of all players in the corpus were identi-
fied in one or more conversations.

We identified three cross-cutting themes, which reflect
the results of the coding from the survey responses and
chat messages: (a) collaboration and discussion around joint
tasks; (b) learning and sharing knowledge with others; and
(c) the opportunity to help or receive help and advice.

Help and Support. A cross-examination of the player’s
responses and chat messages revealed that there was a ten-
dency to use chat for obtaining help, learning, gaming, and
socialising. We identified two types of responses relevant to
helping: those who were helping other members of the com-
munity; and those who were either explicitly asking for help
or were browsing the chat log in order to identify content
that might answer their questions. Below are an example of
the responses from players offering or asking for help:

“Helping others! communicating with advance players and building a lasting commu-
nity.”,

“When newcommers require help and advice, I like to make sure they’re doing ok”
“Mostly to ask for help. There are some very experienced players, which can solve
problems very fast. Sometimes I think, they have knowledge more than other (I dont

speak about admins).”

Based on the conversations analysis, several reoccurring
players were identified within many different conversations
offering other players support and troubleshooting. These
players appeared to remain active on the chat console wait-
ing to contribute their expertise and offer support to those
who might require it. Due to the real-time nature of the com-
munications, the responses by the community, and the ‘ex-
pert’ users were quick to respond, which allowed a natural
form of conversation to emerge between the notice and expe-
rienced players. In contrast to this, other citizen science plat-
forms offer forum-based communications, which are asyn-
chronous in nature, thus potentially limiting the potential for
responsive conversation. Below is an example of a typical
conversation asking for help.

Player A i need help

Player B we can help

Player C yep, half of my job is helping players

Player A ok i need to know a little about the control?

Player C ok, are you in the tutorial still?

Player A umm in the practice cubes, so no

Player D Click on the gear at the lower right part of the screen to see available con-
trols.

Player C ok practice cubes—-which controls are you having issues with, all of em?
Player A yeah exept scroll erase and draw

Player C ok, so click on the ? it has all the commands

The coding also revealed many conversations focusing
on processes within the Eyewire platform: how does a task
work, how can one take part in teams and competitions, how
does a particular game element work, and so on. What dis-
tinguishes these conversations from those labelled as *Help’
was the nature and context of the discussion between play-
ers. There was no specific question being asked, but rather an
exchange of messages which discussed how Eyewire works,
what different features are available, how they can be used,
etc. These conversations were on average twice as long in
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duration as the help-related ones, and contained on average
more than 50% more players. Conversations also extended
to citizen scientists discussing topics related to the gamifi-
cation elements (e.g., the race to the top of the leaderboard),
or team discussions, such as the tasks that a team should be
working on. We noticed that these threads exhibited a less
linear narrative — players would all be contributing to the
discussion, sharing their views or their current state of play.

Player A: Okay, I need to ask this. Any tips on becoming a scout?

Player B: wait for the next hunt/challenge/other way they will promote players
Player C: get good at finding mergers

Player B: and be active in the mean while

Player C: hunt! theres one soon

Player B: that too

Drawing upon existing studies of crowdsourcing plat-
forms, providing community-driven advice, support, and ex-
pert feedback is a critical component of a successful commu-
nity (Tinati et al. 2015b; Curtis 2015; Burgers et al. 2015).
The analysis of the chat corpus and survey responses indi-
cate that the chat has several help and support functions, en-
abling players to discuss problems during their task sessions,
and seek further assistance regarding specific tasks they are
working on. In several instances, players were able to re-
quest the help of more experienced players to take a look at
their current progress on an task, as they were unable to pro-
ceed without advice. Another factor for successful citizen
science concerns the onboarding of new users, and support-
ing their initial activities (Jackson et al. 2015).

Learning. We found a class of responses pertaining to
the use of chat as a means to learn more about how the Eye-
Wire game works, and more specifically, about Eyewire’s
contribution to science. Responses to the survey suggest that
players are actively sharing knowledge and information, and
also asking others for detailed information in order to learn
about specific areas of interest. Several responses described
their experience as a great chance to learn in an “informal “
and “personal environment” . For instance, the responses be-
low describe how the interactions with other players offers a
great chance to learn in a collaborative environment:

“I've always been interested in science, and this is a great chance to develop this, with
others like me”.
“Advance players really have a good understanding of how the tasks work, they’re

always willing to teach and show us”.

Conversations labelled under the learning code were typ-
ically associated with discussing the science of Eyewire.
Within this set of discussions, we were able to identify sub-
themes where players were sharing insights which they had
found, which then spurred on others to ask more questions
and learn more. For instance, we found conversations ini-
tiated by players who were sharing their knowledge of spe-
cific tasks (the ‘cubes’), without any prompting. In other sce-
narios, such as the conversation below, a detailed discussion,
forms around a general scientific question:

Player A: are the memory cells a part of the eye? i thought memory cells are only in
brain
Player B: But it has a very good connection with it.

Player C: [the eye] transmits these signals [image s] to the brain through complex



neural pathways that connect the eye via the optic nerve to the visual cortex and other
areas of the brain.

Player C: So I think it is pretty safe to assume that what you may have found is, in
fact, an eyeball

Player A: ya it sends to many parts of your brain, is it why some blind people can still
avoid objects or reconize faces, without noticing

Player A: also that is they reason we get deja vu

Player C: Thats how dejavus happen too

Player C: exactly sgt pepper

Player A: ya its cool, there is a useful vsuase video talking about it : P

Player C: the brain stores the images in the memory part and only then do we analyse
them, thus creating the idea that it has happened before, 1 got here through VSauce

too!

In previous research, studies have explored the role of
multi-channel interactions (e.g., community discussion in
combination with completing tasks) as a means to learn
and improve a participant’s knowledge (Luczak-Rdsch et
al. 2014; Rotman et al. 2012; Mugar et al. 2014; Culbert-
son et al. 2016). In other citizen science platforms, forums
facilitate a spectrum of questions: from interface and task
design to possible scientific advancements. Similar to other
platforms, we found that in Eyewire, players are able to
use chat for a variety of learning purposes, in particular as
a collaborative, real-time experience. Although we cannot
determine whether players seeking to improve their skills
by asking for help in the chat do actually improve their
task performance, the responses resonate with other studies
which have established such links more clearly in other cit-
izen science contexts. As described in (Bonney et al. 2009;
Luczak-Rosch et al. 2014; Masters et al. 2016), the most pro-
lific contributors in terms of tasks completed and community
activity are those who develop their own domain-specific
expertise and task skills. This is reflected by Culbertson et
al. 2016 and Master et al. 2016, who suggest that engage-
ment in community features can support learning, which can
facilitate more general scientific knowledge.

Responses also revealed another aspect to chat. Partici-
pants do not necessarily need to contribute to the conversa-
tions to benefit from the ongoing discussions. The coding
showed that several players used the chat console as a tool
to observe other players activities and that the back-channel
discussions had benefited their own experience. This be-
haviour draws parallels with existing studies (Nonnecke and
Preece 2001), where lurking was identified as being just as
important as direct engagement. Below are a selection of rel-
evant answers from the survey:

“Even though I tend not to participate in chat myself, the discussions that I see go by
have great tips and observations that I wouldn’t have been able to figure out on my
own.”

“I am mostly just interested in reading the comments of others without too much par-

ticipation on my part.”

As a methodological note, this /urking behaviour high-
lights how interface components such as chat can being used
in ways which are not captured by system logs, thus their
true value to a population might only be exposed with such
exploratory methods (e.g., surveys, interviews).

Collaboration and Socialising. Survey responses de-
scribed how players use the chat function in order to con-
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tribute to a project more effectively. Players describe their
use of the team coordination capabilities to discuss and solve
difficult tasks that require multiple inputs, despite not being
able to see historical chat messages, or view multiple threads
within the chat interface. For instance, the examples below
illustrate types of responses coded as observations, partici-
pating, celebrating, and sharing information with their fel-
low players:

‘listening to others”,
“congratulate others”
“initiating team activities for increasing productivity”

“raising awareness of current activities and progress of Eyewire”

Process-driven conversations form the ongoing back-
channel of discussion that fuels the chat console. The longer
conversations identified tended to discuss task related ac-
tivities, and over time, attracted the participation of many
players, contributing sporadically throughout the day with
useful contributions to a discussion, or make some an-
nouncement about achievements or tasks requiring assis-
tance. These discussions also include more collaborative in-
teractions, through the use of team and gaming features. In
comparison to other citizen science platforms such as the
Zooniverse (Luczak-Rosch et al. 2014) which use discus-
sion boards and forums for social communication, we were
interested to see conversations which spanned several hours
(with some even spanning from evening-till-morning).

As the real-time chat does not contain a historic log of
messages (i.e. when a player logs on, the chat console has no
existing chat messages), this suggests that for these lengthy
conversations, players remain active on the platform for
many hours. One could question whether the behaviour of
these players is a sign of a strong community, given that
many of the lengthy conversations were support or task re-
lated. As players are not scored on their contributions to chat
(they are scored on how well they complete a task), these
social interactions illustrate the intrinsic motivations of the
players.

Responses describe how the chat interface facilitate var-
ious aspects commonly associated with online communi-
ties (Zhang, Ackerman, and Adamic 2007), sharing experi-
ences, self-regulation, and forming friends (and teams). Un-
intentionally, the chat console has emerged as a feature of
dual purposes. It has been used to discuss the scoring, suc-
cess and teamwork between players, and to offer an environ-
ment to help newcomers, provide advice, and support play-
ers who wish to learn more about the science underpinning
Eyewire. The following examples illustrate this:

“talking to other players, some of who are good friends”
“It’s just a good place for some chatter between games and with friends”

“There’s always the regulars on there, it’ fun to listen and take part in the chatter”

In the context of the broader citizen science literature, es-
tablishing an active self-organised community of volunteers
is essential for running a successful, long-lasting citizen sci-
ence project (Zook et al. 2010; Nov, Arazy, and Anderson
2011; Tinati et al. 2015b). In Eyewire, our findings suggest
that alongside the unique design and functionality of Eye-
wire as a game, the real-time chat console has helped estab-
lish and facilitate a true Eyewire community. It has enabled



interaction and collaboration in an environment that does not
feature an explicit social layer - that is, there is no explicit
mechanism to friend other players, follow them etc. Our
findings, similar to studies such as (Culbertson et al. 2016;
Greenhill et al. 2016), have shown that the chat interface
provides players with the ability to engage with others inter-
ested in similar topics and points of discussion (Tinati et al.
2016).

Design Recommendations for Citizen Science

Based on the analysis of the survey responses and chat mes-
sages, and drawing on studies concerned with the design
of online communities and crowdsourcing platforms (e.g.
(Gregg 2010; Jennett and Cox 2014; Eveleigh et al. 2014;
Kraut et al. 2012)), we consider several social and technical
design features (summarised in Table 3 which can be used to
improve the experience of users, and in turn improve the per-
formance of a citizen science platform. Whilst we base these
design considerations on the analysis of the Eyewire citizen
science game, as increasingly there is growing consensus to-
wards what motivations citizen scientists, our findings may
have application beyond the Eyewire platform.

Real-time Communication for Effective Work

Citizen scientists working solo alone can be one of the rea-
sons for losing participants (Eveleigh et al. 2014). In Eye-
wire, communicating with other players, whether for social
support or general discussion has been identified as impor-
tant for user retention. Unlike the majority of citizen science
platforms, Eyewire benefits from the real-time functionality
of the chat interface, as it allows players to collaborative in a
timely fashion. Taking this into consideration, offering fea-
tures where communication can lead to collaboration (e.g.,
team play) and can be beneficial for the community and the
science team. Collaboration can take different forms: from
coming together to carry out work set as a challenge, to dis-
cussing and sharing solutions for the same task.

Ongoing discussion leads to scrutiny of the tasks being
completed. In Eyewire, we found multiple examples where
players request additional eyes on the task they are work-
ing on in order to ensure that they are accurately completing
their task. However, despite the concerns that collaboration
of this kind increases the time take to complete a task (Tinati
et al. 2015a), players are more likely to remain engaged for
longer. Our analysis supports this; ongoing background con-
versations contributed positively to the overall experience of
the player. To that end, platform designers should consider
the complexity of the task and the potential for improving
a player’s engagement and overall performance, and decide
whether peer communication interface such as real-time chat
can benefit both the players, and the overall project goals.

A concern for designing human computation and crowd-
sourcing platforms is the danger of cheating and collusion;
which could be promoted via peer communication - this
is, for instance, the case in the ESP Game or other multi-
player games with a purpose (von Ahn and Dabbish 2004;
Cooper 2013). Allowing users to consult with their peers
while solving a puzzle means that quality assurance mecha-
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nisms based on redundancy might be less useful - these al-
gorithms work under the assumption that a task is solved
independently by multiple players and compare the different
solutions to infer the correct one (e.g., by majority voting).
However, in Eyewire these effects seem to be minimal, due
to the type of task being completed. players cannot edit a
puzzle once submitted and have only very generic means to
ask questions to the community. Taking this into account,
the chances of collusion needs to be considered against the
type of citizen science task.

Structured Community Feedback

Support, whether expert- or community-driven, was iden-
tified as an essential feature for retaining participants and
ensuring newcomers can start contributing as soon as possi-
ble (Jackson et al. 2015; Mugar et al. 2014). However, in the
majority of citizen science platforms community support has
been separated from the task component. In Eyewire, ques-
tions or game commands are issued in the chat interface,
with no direct connection with the task interface. Similarly,
in platforms which use discussion forums, communication
is a decoupled process (Luczak-Rosch et al. 2014).

In Eyewire, complex questions are often fielded by the
community. During conversations, players often requested
the help of specific members, suggesting that the community
has recognised that different players are able to answer ques-
tions based on the type of knowledge required. Expert play-
ers are willing to help, and often discussions include mul-
tiple users with extensive knowledge of the platform. This
can initially be improved by providing a mechanism to al-
low one-to-one mentoring or through community modera-
tion (with elevated levels of authority). As the chat console
has been shown to be beneficial for providing support for
players (with many of the same questions being repeated at
different time periods), more structured features can be used
to enable different types of questions to be asked, which
could be directed towards specific members who are more
inclined, or have the expertise to answer.

For a citizen science communication interface, more gran-
ular feedback mechanisms (e.g. not just console commands)
can be integrated directly into the platform and task inter-
face. For example, by decomposing the task into different
stages, each with their own achievements and scores, or by
showing players the solutions of their peers. Related liter-
ature (Feyisetan et al. 2015) found that this is especially
valued among top players who are keen to improve their
performance and learn. This is also consistent with our sur-
vey results, where learning was identified as a key theme.
Taking this into consideration, one could bring peer support
closer to the actual game play rather than keeping it in ded-
icated separate channels. For example, while completing a
puzzle, a player could be informed about other citizen sci-
entists who are tackling the same area at the same time. This
sense of "connection’ has been shown to increase participa-
tion (for instance, in GWAPs (Siu, Zook, and Riedl 2014,
Thaler et al. 2011)).



Recommendation Benefits

Considerations

Real-time chat interface

Real-time enables timely and responsive feedback

Distraction and slower task completion

Public communication channels

Observing discussions can support user knowledge

New users may be shy to contribute in a public space

Structured Feedback
ate users

Improved response rate as questions matched with appropri-

Users can become reliant on using structured approach and
avoid serendipitous findings

Decomposing of Tasks and Communication

Conversation becomes relevant to the users of a specific task

Potential for users to become fragmented into sub-
communities

Chat Interface Configuration

workflow preferences

Users are able to adjust their interface to correspond to their

Potential onboarding problem as new users may not know
what to do.

Table 3: Design recommendations for peer communication and social features

benefits and considerations of their implementation

Modes of Operation and Configurability

Traditionally, the default workflow in citizen science has
been that users individually complete a task. Only recently,
players are offered the capability to interact with the com-
munity via peer communication. Eyewire has experimented
with richer features for collaborative work as alternative
workflows and roles of contributors. These are still infor-
mal and are not explicitly documented within the platform;
it is the task of players to seek this out from other sources
(e.g. listening to other players in the chat console). De-
spite this, using Eyewire’s teamplay and other collaborative
modes of operation, players are able to coordinate tasks and
work, from basic modes of operation such as asking oth-
ers to examine a specific task they are working on, to more
complex modes of operations such as dividing up tasks be-
tween players based on experience. However, currently these
workflows are socially-driven, and not officially part of the
platform. True ‘citizen science’ collaboration and team play
could mean that different players would be able to contribute
to a single task in different ways. For example, one could
imagine that one member of a team validates the solutions
of others or that players take turns in solving a puzzle. Ex-
perience, interests, and skill sets could all contribute to the
roles of players within the teams, and this could be reflected
in the type of rewards given. Finally one could also exper-
iment with different multi-player modes such as input and
output agreements (Oluwaseyi and Simperl 2016).

Enabling participants to configure their chat interface and
their level of community engagement has shown to be ef-
fective in increasing a player’s performance; for instance,
providing players with the option to silence and focus on
their own task when they desire (Tinati et al. 2015a). As re-
sponses described, Eyewire’s interface allows users to en-
gage with certain features, including interacting or silencing
the community when undisturbed sessions are required. This
flexibility was shown to be important, and can be further im-
proved by allowing the community to design their macro’s,
interface tools, and layouts. In several cases, we observed
players using a combination of commands within conversa-
tions to notify or look up another player’s status. Similar to
the community-led support mechanisms and modes of learn-
ing, players could be given more scope develop and integrate
their own scripts, commands etc.
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in a Citizen Science Platform. Summary of

Limitations

There are several limitations pertaining to the data and meth-
ods used in this study. First, we recognise that the responses
to the survey, and the players included in the chat mes-
sages, represented only a subset of the total population of
active Eyewire members. While one could claim that this is
a well-known challenge in a majority of surveys and ques-
tionnaires (Savage and Burrows 2007), we believe that using
a qualitative approach exposes the nuances of why and how
people engage. Participant responses present a much richer
view of a socio-technical system, such as Eyewire.

Second, we appreciate that what people say they do, and
what they actually do are often disjointed. We hoped that
the use of coding the chat data would help us close this gap.
However, in doing so, we are aware that by selecting a 2-
week period of messages is in itself, problematic. In reflec-
tion, one could sample daily logs of chat messages, rather
than take a single block of time. This might reflect the dis-
cussions of a wider pool of players. However, this approach
also risks the possibility of missing sections from a conver-
sation, depending where the start and end of the sample is
taken.

Finally, we recognise the problem with using only a se-
lected number of researchers to code and interpret the data.
Whilst we cross-validated the coding results, the reliabil-
ity (and possible diversity) of codes and themes might have
been different with more (or other) researchers.

Conclusion

In this paper we studied computer-supported peer commu-
nications in the citizen science project, Eyewire, and based
on our findings of how players describe their interactions
with the platform, and how thy form conversations within
the real-time chat interface, we developed a set of design
recommendations for similar citizen science platforms.

Our findings reveal that players engage with the real-time
chat for several performance, support, and learning activi-
ties. We found evidence for players establishing new forms
of collaborative uses, despite there being no formal fea-
tures for such activities within the chat interface. Players
described how they supported other members in the com-
munity, onboarding newcomers, asking and answering ques-
tions, learning and sharing insights, as well as casual dis-
cussion and collaboration. Our findings reinforce the impor-
tance of real-time peer communication in order to greatly



improved players’ social engagement, and thus, engagement
in the citizen science project. Eyewire players have been
able to establish a community without an explicit commu-
nity model present; experienced players support newcom-
ers; and players are known by the community, to the extent
where detailed and lengthy conversations can form and they
request certain other members to join and contribute.

The chat function, along with a supportive community,
has also helped facilitate an environment where players can
learn the science behind Eyewire, partly with the help of
their peers. However, beyond providing an enjoyable envi-
ronment for people to interact and possibly learn, Eyewire
has successfully managed to attract and retain players, and
complete many milestones in their scientific endeavours. By
synthesising these findings, we have described a set of de-
sign recommendations which can be used to guide the im-
plementation and configuration of real-time communication
interfaces within citizen science platforms.

Our future work aims to extend the current investigate and
classify what type of expertise and knowledge is obtained by
contributing to citizen science activities, and to what extend
this expertise is transferable to other domains and platforms.
We plan to study in more depth the types of questions asked
by players via the chat and the effects of learning. Using
this insight, we wish to investigate the structured capabili-
ties around peer-support and feedback which real-time citi-
zen science chat can offer. We also see great opportunity to
improve the current workflows; experiments are required to
determine if modifying solo workflows impacts the validity
of contributions, which would address recent concerns with
cheating and collusion in microtask based platforms (Pre
2014; Gadiraju, Kawase, and Dietze 2014).

Acknowledgements

This work is supported under SOCIAM: The Theory and
Practice of Social Machines, funded by the UK EPSRC un-
der grant EP/J017728/2.

References

Anderson, D. P.; Cobb, J.; Korpela, E.; Lebofsky, M.; and
Werthimer, D. 2002. SETIHome: An Experiment in
Public-resource Computing. Communications of the ACM
45(11):56-61.

Baruch, A.; May, A.; and Yu, D. 2016. The motivations,
enablers and barriers for voluntary participation in an on-

line crowdsourcing platform. Computers in Human Behav-
ior 64:923 — 931.

Berns, A.; Gonzalez-Pardo, A.; and Camacho, D. 2013.
Game-like language learning in 3-d virtual environments.
Computers & Education 60(1):210 — 220.

Bonney, R.; Cooper, C. B.; Dickinson, J.; Kelling, S.;
Phillips, T.; Rosenberg, K. V.; and Shirk, J. 2009. Citizen
science: a developing tool for expanding science knowledge
and scientific literacy. BioScience 59(11):977-984.

Bowser, A.; Hansen, D.; He, Y.; Boston, C.; Reid, M.; Gun-
nell, L.; and Preece, J. 2013. Using gamification to inspire
new citizen science volunteers. In Proceedings of the First

277

International Conference on Gameful Design, Research, and
Applications, Gamification *13, 18-25. ACM.

Bowser, A.; Hansen, D.; and Preece, J. 2013. Gamifying
citizen science: Lessons and future directions. In Design-
ing gamification: Creating gameful and playful experiences
workshop, CHI 2013. ACM.

Brabham, D. C. 2008. Crowdsourcing as a model for prob-
lem solving an introduction and cases. Convergence: the in-
ternational journal of research into new media technologies
14(1):75-90.

Burgers, C.; Eden, A.; van Engelenburg, M. D.; and Bun-
ingh, S. 2015. How feedback boosts motivation and play
in a brain-training game. Computers in Human Behavior
48(0):94 — 103.

Chou, C. C. 2001. Formative evaluation of synchronous
cmc systems for a learner-centered online course. Journal
of interactive learning research 12(2):173.

Cooper, C. 2013. Zen in the art of citizen science: Apps for
collective discovery and the 1 percent rule of the web. http:
//blogs.scientificamerican.com/guest-blog/2013/09/11/.

Crowston, K.; Prestopnik, N. R.; and Wang, J. Submitted.
Gamers, citizen scientists, and data: Exploring participant
contributions in two games with a purpose.

Culbertson, G.; Andersen, E.; White, W.; Zhang, D.; and
Jung, M. 2016. Crystallize: An immersive, collaborative
game for second language learning. In Proceedings of the
19th ACM Conference on Computer-Supported Cooperative
Work & Social Computing, CSCW ’16, 636-647. New York,
NY, USA: ACM.

Curtis, V. 2015. Online citizen science projects: an explo-
ration of motivation, contribution and participation. Ph.D.
Dissertation, The Open University.

Eveleigh, A.; Jennett, C.; Lynn, S.; and Cox, A. L. 2013.
&ldquo;i want to be a captain! i want to be a cap-
tain!&rdquo;: Gamification in the old weather citizen sci-
ence project. In Proceedings of the First International Con-

ference on Gameful Design, Research, and Applications,
Gamification ’13, 79-82. New York, NY, USA: ACM.

Eveleigh, A.; Jennett, C.; Blandford, A.; Brohan, P.; and
Cox, A. L. 2014. Designing for dabblers and deterring drop-
outs in citizen science. In Proceedings of the 32Nd Annual

ACM Conference on Human Factors in Computing Systems,
CHI " 14, 2985-2994. New York, NY, USA: ACM.

Feyisetan, O.; Simperl, E.; Van Kleek, M.; and Shadbolt, N.
2015. Improving paid microtasks through gamification and
adaptive furtherance incentives. In Proceedings of the 24th
International Conference on World Wide Web, 333-343. In-
ternational World Wide Web Conferences Steering Commit-
tee.

Gadiraju, U.; Kawase, R.; and Dietze, S. 2014. A taxonomy
of microtasks on the web. In Proceedings of the 25th ACM
conference on Hypertext and social media, 218-223. ACM.
Greenhill, A.; Holmes, K.; Lintott, C.; Simmons, B.; Mas-
ters, K.; Cox, J.; and Graham, G. 2014. Playing with sci-
ence: gamised aspects of gamification found on the online
citizen science project - zooniverse. In GAME-ON 2014:.



EUROSIS. 15-24. After this work has been published by
EUROSIS the author retains the right to republish it in whole
or in part in any book of which he is an author or editor and
to make personal use of this work in lectures, courses, or
otherwise.

Greenhill, A.; Holmes, K.; Woodcock, J.; Lintott, C.; Sim-
mons, B. D.; Graham, G.; Cox, J.; Oh, E. Y.; and Masters,
K. 2016. Playing with science: Exploring how game ac-
tivity motivates users participation on an online citizen sci-
ence platform. Aslib Journal of Information Management
68(3):306-325.

Gregg, D. G. 2010. Designing for collective intelligence.
Commun. ACM 53(4):134-138.

Herring, S. 1999. Interactional coherence in cmc. Journal
of Computer-Mediated Communication 4(4):0-0.

Hill, B. M., and Shaw, A. 2013. The Wikipedia Gender
Gap Revisited: Characterizing Survey Response Bias with
Propensity Score Estimation. PloS one 8(6):¢65782.

Tacovides, 1.; Jennett, C.; Cornish-Trestrail, C.; and Cox,
A. L. 2013. Do Games Attract or Sustain Engagement
in Citizen Science? A Study of Volunteer Motivations. In
CHI ’13 Extended Abstracts on Human Factors in Comput-
ing Systems, 1101-1106. ACM.

Jackson, C. B; sterlund, C.; Mugar, G.; Hassman, K. D.; and
Crowston, K. 2015. Motivations for sustained participation
in crowdsourcing: Case studies of citizen science on the role
of talk.

Jennett, C., and Cox, A. L. 2014. Eight guidelines for
designing virtual citizen science projects. In Second AAAI
Conference on Human Computation and Crowdsourcing.

Johnson, G. M. 2006. Synchronous and asynchronous text-
based cmc in educational contexts: A review of recent re-
search. TechTrends 50(4):46-53.

Johnson, G. M. 2012. Real-time versus delayed-time cmc:
Objective and subjective impact on learning. In AARE
2012 Conference Proceedings. Retrieved from http:fwwwl.
aare. edu. aupapers/2012/JOHNSON% 20G. pdf# zoom,
volume 85.

Kraut, R. E.; Resnick, P.; Kiesler, S.; Burke, M.; Chen, Y.;
Kittur, N.; Konstan, J.; Ren, Y.; and Riedl, J. 2012. Build-
ing successful online communities: Evidence-based social
design. MIT Press.

Lintott, C. J., et al. 2009. Galaxy zoo:hanny’s voorwerp, a
quasar light echo?. Monthly Notices of the Royal Astronom-
ical Society 399(1):129-140.

Luczak-Rosch, M.; Tinati, R.; Simperl, E.; Kleek, M. V.;
Shadbolt, N.; and Simpson, R. 2014. Why won’t aliens
talk to us? content and community dynamics in online cit-
izen science. In Eighth International AAAI Conference on
Weblogs and Social Media.

Masters, K.; Oh, E. Y.; Cox, J.; Simmons, B.; Lintott, C.;
Graham, G.; Greenhill, A.; and Holmes, K. 2016. Science
learning via participation in online citizen science. arXiv
preprint arXiv:1601.05973.

Moore, T. D., and Serva, M. A. 2007. Understanding mem-
ber motivation for contributing to different types of virtual

278

communities: A proposed framework. In Proceedings of
the 2007 ACM SIGMIS CPR Conference on Computer Per-
sonnel Research: The Global Information Technology Work-
force, 153—-158. ACM.

Mugar, G.; Osterlund, C.; Hassman, K. D.; Crowston, K.;
and Jackson, C. B. 2014. Planet hunters and seafloor ex-
plorers: Legitimate peripheral participation through practice
proxies in online citizen science. In Proceedings of the 17th
ACM Conference on Computer Supported Cooperative Work
&#38; Social Computing, CSCW 14, 109-119. New York,
NY, USA: ACM.

Nardi, B. A.; Ly, S.; and Harris, J. 2007. Learning con-
versations in world of warcraft. In System Sciences, 2007.
HICSS 2007. 40th Annual Hawaii International Conference
on, 79-79. IEEE.

Nonnecke, B., and Preece, J. 2001. Why lurkers lurk. AM-
CIS 2001 Proceedings 294.

Nov, O.; Arazy, O.; and Anderson, D. 2011. Dusting for sci-
ence: motivation and participation of digital citizen science
volunteers. In iConference, 68—74.

Oluwaseyi, F., and Simperl, E. 2016. Please stay vs let’s
play: Social pressure incentives in paid collaborative crowd-
sourcing. In Proceedings of International Conference on
Web Engineering (ICWE2016). ACM.

Pandey, V.; Amir, A.; Debelius, J.; Hyde, E. R.; Kosciolek,
T.; Knight, R.; and Klemmer, S. 2017. Gut instinct: Creating
scientific theories with online learners.

Paulus, T.; Warren, A.; and Lester, J. N. 2016. Applying
conversation analysis methods to online talk: A literature re-
view. Discourse, Context & Media.

Pope, C.; Ziebland, S.; and Mays, N. 2000. Analysing qual-
itative data. Bmj 320(7227):114-116.

2014. Exploring data quality in games with a purpose,
Berlin, Germany.

Preece, J. 2016. Citizen science: New research challenges
for humancomputer interaction. International Journal of
HumanComputer Interaction 32(8):585-612.

Raddick, M. J.; Bracey, G.; Carney, K.; Gyuk, G.; Borne,
K.; Wallin, J.; Jacoby, S.; and Planetarium, A. 2009. Cit-
izen science: status and research directions for the coming
decade. AGB Stars and Related Phenomenastro 2010: The
Astronomy and Astrophysics Decadal Survey 46P.

Raddick, M. J.; Bracey, G.; Gay, P. L.; Lintott, C. J.; Mur-
ray, P.; Schawinski, K.; Szalay, A. S.; and Vandenberg, J.
2010a. Galaxy zoo: Exploring the motivations of citizen sci-
ence volunteers. Astronomy Education Review 9:010103.

Raddick, M. J.; Bracey, G.; Gay, P. L.; Lintott, C. J.; Mur-
ray, P; Schawinski, K.; Szalay, A. S.; and Vandenberg, J.
2010b. Galaxy zoo: Exploring the motivations of citizen
science volunteers. Astronomy Education Review 9:010103.

Reed, J.; Raddick, M. J.; Lardner, A.; and Carney, K. 2013.
An exploratory factor analysis of motivations for partici-
pating in zooniverse, a collection of virtual citizen science
projects. In 2013 46th Hawaii International Conference on
System Sciences, 610-619.



Reiss, S. 2004. Multifaceted Nature of Intrinsic Motivation
The Theory of 16 Basic Desires. Review of General Psy-
chology 8(3).

Rotman, D.; Preece, J.; Hammock, J.; Procita, K.; Hansen,
D.; Parr, C.; Lewis, D.; and Jacobs, D. 2012. Dy-
namic changes in motivation in collaborative citizen-science
projects. In Proceedings of the ACM 2012 Conference on
Computer Supported Cooperative Work, 217-226. ACM.

Savage, M., and Burrows, R. 2007. The coming crisis of
empirical sociology. Sociology 41(5):885-899.

Siu, K.; Zook, A.; and Riedl, M. O. 2014. Collaboration
versus competition: design and evaluation of mechanics for
games with a purpose. In Proceedings of the 9th Interna-
tional Conference on the Foundations of Digital Games.
Thaler, S.; Siorpaes, K.; Mear, D.; Simperl, E.; and Good-
man, C. 2011. Seafish: a game for collaborative and visual
image annotation and interlinking. In The Semanic Web: Re-
search and Applications. Springer. 466-470.

Tinati, R.; Luczak-Roesch, M.; Simperl, E.; and Shadbolt,
N. 2014. Motivations of citizen scientists: A quantitative
investigation of forum participation. In Proceedings of the
2014 ACM Conference on Web Science, 295-296. ACM.

Tinati, R.; Luczak-Rosch, M.; Simperl, E.; Hall, W.; and
Shadbolt, N. 2015a. ‘/command’ and conquer: analysing
discussion in a citizen science game. In ACM Web Science
2015.

Tinati, R.; Van Kleek, M.; Simperl, E.; Luczak-Rosch, M.;
Simpson, R.; and Shadbolt, N. 2015b. Designing for citi-
zen data analysis: A cross-sectional case study of a multi-
domain citizen science platform. In Proceedings of the 33rd

Annual ACM Conference on Human Factors in Computing
Systems, CHI ’15, 4069—4078. New York, NY, USA: ACM.

Tinati, R.; Luczak-Rosch, M.; Simperl, E.; and Hall, W.
2016. “science is awesome”:studying participation in a citi-
zen science game. ACM Web Science Conference 2016.

von Ahn, L., and Dabbish, L. 2004. Labeling images with a
computer game. In Proceedings of the SIGCHI Conference
on Human Factors in Computing Systems, CHI 04, 319—
326. New York, NY, USA: ACM.

von Ahn, L., and Dabbish, L. 2008. Designing games with
a purpose. Commun. ACM 51(8):58-67.

von Ahn, L.; Blum, M.; and Langford, J. 2004. Telling
humans and computers apart automatically. Commun. ACM
47(2):56-60.

Von Ahn, L. 2009. Human computation. In Design Automa-
tion Conference, 2009. DAC’09. 46th ACM/IEEE, 418-419.
IEEE.

Waldrop, M. M. 2008. Science 2.0. Scientific American
298(5):68-73.

Zhang, J.; Ackerman, M. S.; and Adamic, L. 2007. Ex-
pertise networks in online communities: Structure and algo-
rithms. In Proceedings of the 16th International Conference
on World Wide Web, WWW °07, 221-230. New York, NY,
USA: ACM.

Zichermann, G., and Cunningham, C. 2011. Gamification by

279

Design: Implementing Game Mechanics in Web and Mobile
Apps. O’Reilly Media, Inc., 1st edition.

Zook, M.; Graham, M.; Shelton, T.; and Gorman, S. 2010.
Volunteered geographic information and crowdsourcing dis-

aster relief: a case study of the haitian earthquake. World
Medical & Health Policy 2(2):7-33.





