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Abstract

Since the 2010 Astronomy and Astrophysics Decadal Survey, enormous progress has been
made in establishing citizen science (or the public participation in scientific research) as a reli-
able and effective tool for processing increasingly large astronomical datasets. The Zooniverse
model of an open platform, available to researchers for free, has been instrumental in enabling
projects ranging from TESS to LSST, and ZTF to LIGO to apply a citizen science approach to
data analysis. In integrating machine learning into the citizen science system, we have learned
that humans and machines working in combination addresses the classification problem with
greater facility than machines alone, despite recent increases in machine learning capability.
The added ability for serendipitous discovery, which platforms like the Zooniverse and their
associated discussion forums provide, further ensures that even for very large datasets, citi-
zen science will retain its place as a key element of astronomical data analysis throughout the
decade to come. To maximize the return provided by such projects, we recommend the fol-
lowing actions be taken: 1) support and encourage the use of shared infrastructure for online
citizen science; 2) there should be a default move to make tools and, where plausible, data, de-
veloped by missions and large projects available to all; 3) support for ongoing maintenance of
citizen science platforms as infrastructure; and 4) continued incorporation of explicit language
in funding solicitations that encourages the use of citizen science.



1 Introduction

The involvement of the general public in astronomical research has a history which dates back to
Edmund Halley’s study of the 1715 total solar eclipse, which included observations from observers
scattered across the British Isles [23]. Organizations such as the American Association of Vari-
able Star Observers (AAVSO) have, for more than a century, coordinated and collated the efforts
of amateur observers, who have made significant contributions to the study of our Solar System,
to that of variable stars and time domain astronomy more generally. The widespread adoption of
digital technologies, which accompanied the general adoption of surveys producing large, open
datasets by the professional community, has driven a great expansion in the capacity of such ‘cit-
izen science’ projects over the last 15 years. These new projects asked large crowds of volunteers
to contribute annotation or analysis, rather than observation. Since the 2010 ‘New Worlds, New
Horizons in Astronomy and Astrophysics’ decadal survey recognized citizen science ‘as a new and
promising method of public engagement’, this way of conducting science has become a standard
tool in astronomers’ arsenal, adopted by a wide range of missions and surveys [21].

This expansion has driven and in turn been influenced by a much more general increase in
interest in the capacities of citizen science for both research and engagement; the America COM-
PETES Reauthorization Act of 2010, the Crowdsourcing and Citizen Science Act of 2016 and the
2019 White House report by the Office of Science and Technology Policy [22] highlight the critical
role that citizen science can play in facilitating projects that would otherwise be beyond the reach
of professionals. The largest set of projects involving data analysis is hosted by the Zooniverse,
which supports projects in disciplines including astronomy, biomedical science, climate science,
ecology and the humanities.

Zooniverse, which offers a reliable, flexible and scalable API and an online project builder for
scientists considering citizen science, grew from a single project, Galaxy Zoo, launched in 2007
[13]. Projects as different as TESS and LSST, ZTF and STEREO, have depended on Zooniverse to
support their citizen science efforts. Indeed, Zooniverse projects have helped with analysis of data
across the full electromagnetic spectrum - from radio [1] to gamma rays [2] - as well as with multi-
messenger astrophysics (e.g., LIGO’s GravitySpy.org [11]) and cosmological simulations [4]. In a
companion submission on ‘EPO Vision, Needs and Opportunities’ we provide recommendations
for Citizen Science for EPO, looking broadly at the Citizen Science landscape. Here, we use the
specific example of Zooniverse to argue firstly that citizen science will be needed in the scientific
landscape of the next decade, and then that funding agencies should support a common platform
for use by projects of all scales.

2 Classification and the role of machine learning

Galaxy Zoo’s catalogues of morphology have been used extensively by researchers over the last
decade (see Watson & Floridi [30] for an analysis of this use) and have been foundational to
progress in understanding galaxy formation. The careful analysis of classifications from multiple
users [19, 20] produced a catalogue which matched expert classification properties, and the project
team was able to move on to detailed morphological classifications of both the Sloan Digital Sky
Survey and large HST surveys [32, 31, 26].

As well as being useful in their own right, however, large, labelled datasets are necessary for



the effective use of modern machine learning methods, particularly deep learning using convolu-
tional neural networks (CNN), which have been shown to be effective in a variety of astronomical
domains. It is therefore not surprising that Zooniverse projects have been used to generate such
data; an early transient astronomy project (‘Galaxy Zoo: Supernova’) which used data from the
Palomar Transient Factory was retired from the system after volunteers produced a large enough
training set for machine learning to process the remaining data with confidence [27]. The Galaxy
Zoo dataset was used to run a machine learning competition on the Kaggle platform, which pro-
vided an early demonstration of the astronomical utility of convolutional neural networks [5], and
many other large datasets produced by the Zooniverse team have been used for similar purposes
(e.g.[33)).

Given this context, it is tempting to argue that — despite the diversity of research projects cur-
rently relying on citizen science projects — continued rapid advances in machine learning coupled
with the large datasets expected from future surveys will eventually close the parameter space of
large data and human capability which has enabled the growth of citizen science in the last decade.
However, a more recent set of projects demonstrates that this is not the case, and that there is great
potential in combining human and machine classification [9, 14].

The current Supernova Hunters project provides an example of the power of this approach.
Each week, thousands of images from the Pan-STARRS telescope are flagged by algorithms as
potential supernovae, and those which are considered especially promising are reviewed by vol-
unteers. Wright et al. [8] found that combining volunteer classifications with a trained CNN out-
performed either approach operating in isolation; the machine provides a complete but typically
impure sample, while human classifications provide a pure but incomplete sample which includes
real examples that would otherwise be flagged as outliers. More recently, Walmsley et al. [29]
built on previous, theoretical work by Beck et al. [10] to introduce to Galaxy Zoo a Bayesian neu-
ral network capable of predicting uncertainty in classification; this is being used to identify the
galaxies whose classification by volunteers would lead to the greatest improvement in machine
performance.

These hybrid methods, which allow training of machine learning to concentrate on the most
common features in the dataset, but which preserve a role for citizen science, mean that we should
expect citizen science to retain its place as part of astronomical data analysis throughout the decade
to come. However, a focus on classification ignores some of the most important results to come
from citizen science to date, which we discuss in the next section.

3 Serendipitous Discoveries

A significant advantage of volunteer review of large datasets is the ability to identify interesting
and unusual objects. The ability of volunteers to go beyond their training is a key advantage over
even well-trained automatic algorithms. For example, the ‘Red ring’ — a highly star forming lensed
AGN [15, 16] — was discovered by volunteers on the SpaceWarps project who had been shown a
training set consisting of blue lenses.

The kind of close scrutiny afforded by crowds of volunteers is also effective in finding the truly
unexpected. Early examples from Galaxy Zoo include ‘Hanny’s Voorwerp’ [7], a quasar-scale
light echo which began an ongoing program of studying ionized gas around fading AGN ([17] and
more), and the Green Pea galaxies, which are highly efficiently star forming low mass systems



[6]. In this latter case, citizen scientists took more of an active part in analyzing their find, going
beyond simply identifying the unusual to conducting a systematic study [28].

This behavior is especially prevalent in astronomical projects with rich datasets and a mature
ecosystem of tools which can be used by both professional and citizen scientists, such as the Planet
Hunters project which drew on data from the Kepler and K2 (and now TESS) missions. For ex-
ample, Planet Hunter volunteers were responsible for the identification of ‘Boyajian’s Star’, KIC
8462852, now the prototype of a class of irregular dippers [12]. The most recent and extreme
example of the class, EPIC 249706694, exhibits 28 transit-like dips during a 87 day period of
observation, without any apparent periodicity [25], and was first identified by Planet Hunter vol-
unteers. Several volunteers who started by participating in the main project now carry out research
independently; the identification by Jacobs of a star with likely exocomet transits (reported in
[24]) is an excellent example. Another example stems from the Backyard Worlds: Planet 9 project
searching for brown dwarfs and other objects at the edge of our Solar System using NASA’s Wide-
field Infrared Survey Explorer (WISE) data. The project launched in Feb 2017 and to date has
received over 5 million classifications from more than 150,000 participants. They have discovered
over 100 new brown dwarfs so far, with an additional 1000 candidates awaiting confirmation (see
[18, 3]). Approximately half of the candidates have been identified through the primary classifica-
tion task within Zooniverse and the other half through WISEVIEW!, a custom, add-on tool built
by a Backyard Worlds volunteer, taking advantage of the open access to WISE data and metadata.

Serendipitous discovery is thus a key benefit of maintaining a citizen science approach to data
analysis. We have argued in the previous section that humans and machines working in combina-
tion addresses the classification problem with greater facility than machines alone, despite recent
increases in machine learning capability. The added ability to find the single most interesting
object within a very large dataset, which platforms like the Zooniverse and their associated discus-
sion forums and collaborations provide, is a further argument for ensuring that even the very large
datasets expected in the next few years are inspected by volunteers.

4 Project growth

As rates and volumes of data steadily climb, the number of research teams wanting to build crowd-
sourcing projects has similarly grown. Over the past decade, Zooniverse has grown from a single,
custom-built project in 2007 to a platform that has enabled over 150 projects (with 90 currently
active projects) and engages over 1.7 million volunteers worldwide. The accelerated expansion of
Zooniverse is a result of the launch in July 2015 of the Zooniverse Project Builder platform?, which
enables anyone to create an online citizen science project using a web browser-based toolkit.

The Project Builder supports common types of interaction including classification, multiple-
choice questions, comparison tasks, text entry, marking and drawing tools, or any combination
thereof. The Project Builder front-end is a series of forms and text boxes a researcher fills out
to create the project’s classification interface and website (Figure 2). All Project Builder projects
come with a landing page, classification interface, discussion forum, and ‘About’ pages for content
about the research, the research team, and results from the project.

Thttp://byw.tools/wiseview and https://youtu.be/23hXbfh1_aA
Zhttps://www.zooniverse.org/lab
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Figure 1: Zooniverse projects launched per year, 2007-2019.

While some teams choose to launch their project publicly through the Zooniverse (after a re-
view process including Zooniverse volunteers providing feedback and improvement suggestions
through a standard form), other projects remain private for internal use among research teams,
community-based projects, etc.

The Project Builder has been transformative, democratizing access to online citizen science as
a tool for research. Prior to its development, a typical online citizen science project required 6-18
months of professional web development time to build. Now the build itself takes a few hours.
Zooniverse went from launching 3-5 projects a year to launching 26 in 2016, 44 in 2017, and over
50 in 2018. Fig. 1 shows project growth by year, from 2007 to 2019. Approximately one new
public project is launched each week.

5 Recommendations

We have argued above that the current success of citizen science for astronomical data analysis
will likely continue into the next decade. Projects such as LSST have adopted citizen science as
a core part of their strategy for both scientific exploitation of data and for education and public
outreach. We make four recommendations which are designed to maximize the return provided by
such projects.

Recommendation 1) Support and encourage the use of shared infrastructure for online citizen
science.

Astronomers put significant effort into the success of citizen science projects such as Galaxy
Zoo or Planet Hunters. Data must be prepared, a project designed to produce scientifically useful
results, and analysis of the results requires the same careful work that would apply to any anal-
ysis method. In addition, experts answer questions and work with volunteers who have adopted
the project. Volunteers give their time, abilities and energy in remarkable degrees, and produce
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Figure 2: *Project details’ tab of the Zooniverse Project Builder.

remarkable results individually and as a crowd. Yet focusing on this interaction between scien-
tists with data and volunteers who are inspired to participate misses the critical third component
provided by the project managers, EPO specialists, web developers, infrastructure engineers, and
interaction designers whose work makes projects possible. It also neglects the increasing body of
work in the computer science and social science literatures which establishes best practice for de-
signing inclusive and effective citizen science. As a result, creating a project from scratch is likely
beyond the capacity of an individual researcher, survey or mission, a situation which is worsened
as increasingly sophisticated techniques — for example, dynamic incorporation of machine learning
results — leads to greater demands on infrastructure and design.

It is clearly in the interest of the astronomical community for us to share infrastructure. While
such sharing starts with the provision of open source code, the Zooniverse model of an installed
and open platform, available to researchers for free, has been instrumental in encouraging many
to experiment with a citizen science approach to their data analysis. Volunteers benefit from this
shared platform approach too, with the barrier to entry on a new project lowered, and the increased
possibility of participants forging long-lasting ‘careers’ as astronomical citizen scientists as they
move from one project to another.

The incorporation of the Zooniverse platform into the LSST EPO plans, so that any LSST
scientist will be able to easily transfer data to a citizen science project, is an example of how
such shared platform design can operate within a single survey. However, there is no need for
a barrier between surveys, and we recommend that agencies encourage the missions and surveys
they support to contribute to a single shared platform for citizen science wherever possible.

Recommendation 2:) There should be a default move to make tools and, where plausible, data,
developed by missions and large projects available to all.

The success of citizen scientists in moving beyond classification into serendipitous detection
and follow-up has occurred because of the provision of well designed and accessible tools, pro-
vided by their creators for all to use. Galaxy Zoo’s original choice of SDSS as its dataset enabled
volunteers to use the web tools provided by CASJobs, which greatly enhanced the ability of vol-
unteers to investigate the Green Peas. The rich diversity of discoveries from the Planet Hunters



project using Kepler data came about because volunteers were able to access the many open tools
the exoplanet community has provided. To maximize scientific return, working in the open is key.
This is an argument that is often made within professional science; the need and desire of citizen
scientists to be full participants makes the requirement especially pressing.

Citizen science projects also produce maximum return where citizen scientists can work along-
side their professional peers; we therefore encourage projects to be open from the beginning, rather
than delaying releases of data and tools.

Recommendation 3) Infrastructure requires ongoing support.

The development of citizen science infrastructure for astronomy has, in the past decade, been
provided by a combination of private foundation and agency funding. Both sources emphasize
development of novel features or new capacity, rather than maintaining or supporting existing
projects. Now online citizen science has matured to the point where a single platform may support
projects from many data sources, many of which are intended to be long lived surveys. This
situation is increasingly unstable.

The problem is made worse by the adoption of a shared set of tools which will remain stable for
many years (Recommendation 1) and by the need to plan for citizen science ahead of the beginning
of data collection, as LSST has. Therefore, we recommend support for the infrastructure which
supports citizen science at the level of a small archive; e.g., a small version of a NASA data archive
such as HEASARGC, allowing the team responsible to properly support their community as well as
developing new features when needed.

Recommendation 4) Continue to incorporate explicit language in funding solicitations that en-
courage use of citizen science in research and education proposals.

Over the past decade, citizen science has seen increased funding support from National agen-
cies such as the NSF, NASA, NOAO and others. For example, Figure 3 shows the growth in
awards made by NSF mentioning citizen science from one in 1998 to over 130 in 2016. However,
we note a concerning trend in Figure 3 downwards in the number of grants awarded since 2016.
The publication of the Crowdsourcing and Citizen Science Act of 2016 is (perhaps not coinciden-
tally) correlated with the peak of funding seen in Figure 3. Several NSF communiques (e.g., Dear
Colleague Letters) were also first sent in 2015 and 2016% to engage the research community in
support of citizen science.

We recommend that explicit language continue to be issued by agencies to seek proposals
related to citizen science. For example, in the 2019 NASA ROSES solicitation, explicit wording
encouraging submission of citizen science proposals has been included. We further recommend
that agencies continue to hold workshops and other mechanisms to obtain researcher community
input and buy-in on the evolving uses of citizen science as a research method. It is important that
the funding agencies do not succumb to seeing citizen science funding as a “fad” but continue to
support the process of integrating it into the basic toolkit of research professionals. To this end,
we also recommend that to incentivize the formation of National-scale collaborations for citizen
science, solicitations such as those for Science & Technology Centers or Research Collaboration
Networks explicitly incorporate language supporting citizen science.

3e.g. https://www.nsf.gov/discoveries/disc_summ.jsp?cntn_id=136445 and
https://www.nsf.gov/pubs/2016/nsf16059/ns£16059.jsp
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