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A B S T R A C T

Virtual citizen science platforms allow non-scientists to take part in scientific research across a range of
disciplines. What they ask of volunteers varies considerably in terms of task type, variety, user judgement
required and user freedom, which has received little direct investigation. A study was performed with the Planet
Four: Craters project to investigate the effect of task workflow design on both volunteer experience and the
scientific results they produce. Participants' feedback through questionnaire responses indicated a preference
for interfaces providing greater autonomy and variety, with free-text responses suggesting that autonomy was
the more important. This did not translate into improved performance however, with the most autonomous
interface not resulting in significantly better performance in data volume, agreement or accuracy compared to
other less autonomous interfaces. The interface with the least number of task types, variety and autonomy
resulted in the greatest data coverage. Agreement, both between participants and with the expert equivalent,
was significantly improved when the interface most directly afforded tasks that captured the required
underlying data (i.e. crater position or diameter). The implications for the designers of virtual citizen science
platforms is that they have a balancing act to perform, weighing up the importance of user satisfaction, the data
needs of the science case and the resources that can be committed both in terms of time and data reduction.

1. Introduction

Citizen science, also known as “public participation in scientific
research” (Hand, 2010), can be described as research conducted, in
whole or in part, by amateur or nonprofessional participants often
through crowdsourcing techniques. Extant citizen science projects
require the participant to either act as a sensor and collect data,
typically ‘in the wild’ with an array of mobile technologies, or analyse
previously collected data through internet-based Virtual Citizen
Science (VCS) platforms (Reed et al., 2012). Launched in 2009, the
Zooniverse (www.zooniverse.org) is home to some of the internet's
most popular VCS projects, which contribute to a wide range of
research, with volunteers asked to, for example, classify different
types of galaxies from photographs taken by telescopes (www.
galaxyzoo.org), transcribe historical ships logs and weather readings
(www.oldweather.org), or mark craters found on images of planetary
surfaces (www.moonzoo.org).

As a relatively new form of activity, online citizen science research

has tended to be driven by concerns around the core science rather
than being considered as something that can be designed to suit its user
population (with some exceptions, e.g., Prestopnik and Crowston,
2012). This is perhaps ironic given the importance of the ‘citizen’ to
the endeavour, especially as the effectiveness of a citizen science
venture is related to its ability to attract and retain engaged users,
both to analyse the large amount of data required, and to ensure the
quality of the data collected (Prather et al., 2013). Current VCS
platforms tend to require the user to carry out tasks in a very
repetitious manner, the design of which are arguably driven more by
the ‘science case’ (analogous to a ‘business case’ in industry) rather
than any consideration of the experience of the citizen scientist (Cox
et al., 2015). In the study reported here we make a first step in
considering how VCS platforms can be designed to better meet the
needs of the citizen scientists by exploring whether the influence of
manipulating task flow predicted with similar systems would affect the
rate and number of features indicated, as well as user ratings on
difficulty and usability issues. We also investigate how these factors
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affect the (volunteered) data's volume and accuracy by comparing it
with expert judgements.

Some studies have considered motivation amongst citizen science
volunteers (Reed et al., 2013; Eveleigh et al., 2014), but not considered
the form of work activity itself in any depth. This may be considered
remiss since forty years of research have identified a relationship
between motivation, satisfaction and work design (Hackman and
Oldham, 1975; Oldham and Hackman, 2010) and in recent times has
been directly applied to online crowdwork (Kittur et al., 2013). Factors
such as task variety, complexity and autonomy were identified as
important influences on motivation and productivity, all of which can
be influenced by VCS design.

We begin with a review of relevant literature on the interplay
between motivation, performance and task design in the areas of
Citizen Science, work design and HCI. We then introduce Planet Four:
Craters – a Zooniverse citizen science project that consists of three
separate interfaces that vary in task workflow design (TWD) for the
marking of craters on the surface of Mars, and present a laboratory
study that directly compares participants’ performance and experience
across the three interfaces. Finally the impact of TWD on these results,
and the implications for VCS platforms and other online mechanisms,
are discussed.

2. Background

2.1. Citizen Science as a distinct form of enquiry

Although VCS is a relatively new form of work, nascent research
considers Citizen Science practices in their own right, beyond the
scientific problems they address (Jordan et al., 2015). These studies
have investigated aspects including, but not limited to: VCS typology
and functionality (Prestopnik and Crowston, 2012; Reed et al., 2012);
gamification (Deterding et al., 2011; Curtis, 2014; Eveleigh et al., 2013;
Iacovides et al., 2013); volunteers' extrinsic motivation (Raddick et al.,
2009; Reed et al., 2013; Mankowski et al., 2011; Mao et al., 2013); and
volunteer behaviour (Ponciano et al., 2014; Crowston and Fagnot,
2008; Rotman et al., 2012; Nov et al., 2011). These studies, however,
are predominantly concerned with the initial attraction of volunteers to
a VCS platform and visceral aspects of their design, without considera-
tion of their experience and performance in executing tasks i.e. the
work that they do once they arrive, which are not easy to control.
Although some recent research has considered the effect of task and
judgement on volunteer performance (Hutt et al., 2013), and how they
should be designed dependent on volunteer commitment (Eveleigh
et al., 2014), no study to date has directly experimented with the
manipulation of TWD elements to investigate their effect on volunteer
behaviour, experience and scientific output. This represents an as yet
missed opportunity, as TWD can be practically affected at the design
stage of a project, and so it would be beneficial to understand its
potential influence on the performance of citizen science.

Factors including volunteer engagement (Lahav et al., 1995), data
volume (Lintott et al., 2011) and data accuracy (Hennon et al., 2014)
are key to ensuring that citizen science endeavours process the large
amount of data available to the standard required in order to add value
to existing datasets, and as such are used to measure the success of a
project. Several decades of human factors and work design research has
revealed a connection between TWD factors and similar performance
measures, and so the broader research question of this study is: can the
lessons learnt regarding the effect of TWD on similar systems be
applied to the citizen science case? If they can, whether completely or
in part, it would suggest that TWD could be tailored at the design stage
to improve the performance of a citizen science project. This could be
achieved through an approach that practically is easier to implement
compared to the considerations of existing citizen science research,
regarding the extrinsic motivation provided by the science theme
addressed.

2.2. Relevant insights from perceptual psychology and the design of
work

VCS platforms involve processes, mechanisms and methodologies
that have historically been used in other similar systems, and as such
there is a wealth of research regarding their design and implementa-
tion. For example, VCS platforms, in general, ask participants to carry
out a task from a discrete set of different task types (Pelli and Farell,
2010): detection (is a stimulus present/identifiable?), discrimination
(the difference between two stimuli) and matching (adjusting an
attribute of two stimuli until they are equal). Such tasks force the
observer to make corresponding judgements (Farell and Pelli, 1999),
including yes/no (is something present or not), forced choice (pick the
closest match the stimuli is to a selection of pre-defined examples) and
rating scales (assess the magnitude of a certain attribute of the stimuli
based on a given scale). Research on these different task types in the
context of image analysis shows that they affect the performance and
experience of the human actor. In one of the few studies that directly
considers the citizen science case, Hutt et al. (2013) compared three
approaches that generate image annotations. Three forms of response
were contrasted: classifications, scoring and ranking, against a ground
truth estimate derived from expert annotation. Ranking was found to
be the most accurate data versus expert annotation, and also the most
reliable in terms of inter-participant agreement, with classification type
tasks showing the lowest level of agreement. It was also found that
participants produced data comparable with that of experts in terms of
overall quality.

Beyond the task types and judgements required of citizen scientists,
there is also the question of how the user interface presents them.
Current VCS systems often require participants to do the same task(s)
repetitively over a seemingly never-ending number of images, in an
almost ‘data entry’ like manner, for no financial reward. This scenario
is analogous to that found in the 1960s concerning the mechanisms of
industrial work, including the fractionation and atomisation of tasks,
the most well known being found on car production lines. In response
to this, Hackman and Oldham (1975) developed the ‘Job Diagnostic
Survey’ in order to better understand jobs and how they could be re-
designed to improve motivation and productivity. Factors such as task
variety, complexity and autonomy were identified as key to this
process, all of which can be influenced in VCS design. Building on
these findings, further research has found a positive correlation
between motivation and task complexity (Gerhart, 1987; Chung-Yan,
2010), task autonomy (Dubinsky and Skinner, 1984; Chung-Yan, 2010)
and variety (Ghani and Deshpande, 1994; Dubinsky and Skinner,
1984). Although the main body of this research concerns work over an
extended period of time, which may or may not be true of volunteers
regarding a citizen science platform (Eveleigh et al., 2014), the ideas
act as the inspiration for this work as a form of design choice that could
be applied to the VCS case.

2.3. Task Workflow Design

The concept of task workflow design is the core construct of this
study. Workflow can be defined as a series of tasks that comprise an
overall process, that need to be completed in order to take the work
from initiation to completion. Its design can involve considerations
such as the type of tasks involved, their interaction, and the sequence in
which they need to be completed (i.e. sequential or parallel). These
considerations can be directly related to the factors described by
Hackman & Oldham (1975), and as such could influence motivation
and performance. Whilst originally a concept associated with the
manufacturing and business industries (Huang, 2002; Schmidt,
1998), the notion has been extended to forms of crowd sourced work
due to the analogy that can be made between them. Predominantly this
research has considered TWD in an overarching manner, investigating
how complex processes can be deconstructed into tasks that are
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