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Foreword

3rd Shaw-IAU Workshop on Astronomy for Education

Teaching astronomy takes both solid knowledge of the subject itself as well as educational skills,
such as knowing appropriate methods and techniques for teaching. To this, specific sub-fields
of astronomy education add their own specialized skill sets: knowing how to operate remote
telescopes, for instance, or the ins and outs of daytime observations. Last but not least, there
are the skills needed in order to make our teaching fair, equitable, and inclusive.

In practice, most of us who are active in astronomy education have only been taught a subset of
those skills in our academic training. Those who come from professional astronomy and have
branched out into education and outreach typically have advanced training in astronomy, but
not in the relevant areas of pedagogy. Most teachers, on the other hand, have pedagogical
training as well as training in the subjects their teach, but often that does not include formal
training in astronomy and astronomy education.

If this description includes you, and if in consequence you have ever felt motivated to expand
your astronomy education skill set, then this workshop was, and is, meant for you. It is the third
in a series organised as a collaborative venture between the Shaw Prize Foundation and the
International Astronomical Union, and with 89 talks and 50 posters in a total of 18 sessions, it
provides a fairly comprehensive “Astronomy Education 101”.

For those who were unable to attend, or did not manage to attend all of the sessions they were
interested in, we present these proceedings, and the associated talk videos from the workshop.
While they lack the interactivity that the 580 workshop participants enjoyed as they posed their
questions to the speakers, or interacted in the chat, we do believe that they are valuable in their
own right — and we asked speakers to include in their write-ups helpful pointers to additional
resources, so you have the opportunity to delve deeper. If you find these resources useful, and I
hope they will be useful to many, please share them widely.

The workshop was made possible by funding from the Shaw Prize Foundation, for which we
are very grateful. You can find the names of the individuals and institutions who organised the
workshop on p. 6 — a big “Thank you!” to all of you!

For us at the International Astronomical Union’s Office of Astronomy for Education (IAU OAE),
this is just the start. Helping those who are active in astronomy education to grow their skills,
and to become more professional in their activities, is one of our main objectives. Stay in touch
if you want to make sure not to miss what is next — from additional events to more resources.
On the web, you can find us at http://astro4edu.org, and on that page, you can also find your
country’s National Astronomy Education Coordinator Team. We are also on Twitter and on
Facebook as @astro4edu.

Markus Pössel
Director, IAU Office of Astronomy for Education

Heidelberg, November 16, 2021
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Organizing Committees

Local Organizing Committee:
Asmita Bhandare, Suresh Bhattarai, Niall Deacon, Theo Dimitrakoppoulos, Natalie Fischer, Giu-
liana Giobbi, Celine Greis, Esther Kolar, Colm Larkin, Tshiamiso Makwela, Carmen Müllerthann,
Markus Nielbock, Eduardo Penteado, Markus Pössel, Saeed Salimpour, Gwen Sanderson, Re-
becca Sanderson, Anna Sippel

Organizing Committee:
Asmita Bhandare, Silvia Casu, Niall Deacon, Dario del Moro, Samir Dhurde, Giuliana Giobbi,
Edward Gomez, Renate Hubele, Tshiamiso Makwela, Sivuyile Manxoyi, Markus Nielbock, Eduardo
Penteado, Markus Pössel (Chair), Sara Ricciardi, Rosa M. Ros, Saeed Salimpour, Stefano Sandrelli,
Anna Sippel, Aniket Sule, Stefania Varano, Alessandra Zanazzi

Scienti�c Advisory Committee:
Asmita Bhandare, Silvia Casu, Niall Deacon, Dario del Moro, Samir Dhurde, Urban Eriksson,
Michael Fitzgerald, Giuliana Giobbi, Edward Gomez, Andrej Gu²tin, Marietta Gyulzadyan, Renate
Hubele, Fraser Lewis, Carolin Liefke, Tshiamiso Makwela, Hakim Luth� Malasan, Sivuyile Manxoyi,
Surhud More, Markus Nielbock, Arvind Paranjpye, Eduardo Penteado, Markus Pössel, Carmelo
Presicce, Travis Rector, Sara Ricciardi, Nayra Rodríguez Eugenio, Gustavo Rojas, Rosa M. Ros,
Saeed Salimpour, Stefano Sandrelli, Anna Sippel, Aniket Sule, Rachele Toniolo, Rosa Valiante,
Stefania Varano, Sarita Vig, Alessandra Zanazzi, Anita Zanella

In addition to the e�orts from the OAE o�ce in Heidelberg, Germany, the following OAE Centers
and Node made key contributions to organizing this event:

The OAE Center India was not formally established at the time of this workshop but also made
signi�cant contributions.
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Citizen Science

Session organiser: Asmita Bhandare, O�ce of
Astronomy for Education, Germany and

CRAL/ENS Lyon, France

SESSION OVERVIEW

In the last few years, several citizen science projects have been very successful in introducing
and engaging the public in authentic research. Citizen scientists continue to be a valuable asset
in helping scientists tackle large data sets and extract useful information to solve some exciting
mysteries of the universe.

This session included contributions from several ongoing citizen science initiatives across the
globe, with an aim to encourage participation in various projects and even motivate anyone
who wants to set up their own citizen science projects.

The keynote speaker, Molly Simon introduced the concept of citizen science and highlighted the
past, present and future projects on Zooniverse, which is the largest online platform for citizen
science. Ananda Hota shared his experience on establishing the �rst ever Indian citizen science
project - RAD@Home, involving several research institutes and successfully engaging the public
in various research projects. Masayuki Tanaka introduced Galaxy Cruise, a citizen science project
run in Japan, which is an exciting opportunity for the public to use imaging data taken with
the Subaru Telescope to help identify interacting galaxies. Marc Kuchner gave an overview of
NASA's growing citizen science program and discussed the lessons learned from various projects.
Pamela Gay emphasized on providing a supportive, diverse and inclusive community for anyone
who wants to be a citizen scientist and shared insights on ways of adapting this in citizen science
initiatives.

Lastly, four additional citizen science projects were highlighted as poster contributions about
monitoring meteor shower activities using machine learning (by Siddha Ganju), using citizen
science as a tool for science popularization (by Felipe Sérvulo Maciel Costa), tracking e�ects
of the solar eclipse on GPS signals (by Carla Hernández), and a project involving the science of
gravitational wave detectors (by Francesco Di Renzo).
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TALK CONTRIBUTIONS

Why Citizen Science: Unlocking the Potential of
People-Powered Research

Speaker: Molly Simon, Arizona State University, USA

Collaborators: Laura Trouille (Adler Planetarium, Northwestern University), Chris Lintott (Univer-
sity of Oxford), Edward Prather (University of Arizona), Isaac Rosenthal (UMass - Boston)

The vast wealth of astronomical datasets produced by modern sur-
veys - and our shared access to the sky - make astronomy a natural
home for citizen science projects which provide participants with
authentic experiences of scienti�c practice. In this talk, I will draw
on examples both historical and contemporary from the Zooniverse,
to ask what makes an e�ective citizen science project and how such
projects can be incorporated in broader engagement programs. I
will conclude by highlighting the new classroom.zooniverse e�ort
to bring data-rich, citizen science-based, classroom experiences to
introductory undergraduates across a wide array of disciplines.

Talk link:https://youtu.be/A4Tn2w3V_Oc

With the expansion of big data, many research teams across a variety of disciplines are left
with more data than they have time to analyze independently. Citizen science (commonly
referred to as people-powered research), is an invaluable method that involves crowdsourcing
aspects of the data analysis process, enabling research teams to solve problems involving large
quantities of data more e�ciently while simultaneously taking advantage of the inherently
human talent for pattern recognition and anomaly detection (see e.g. Trouille et al. 2019 and
the references therein). Zooniverse (https://www.zooniverse.org/ ) is leading the way in
providing a robust platform for online citizen science. Since its inception in 2007, the Zooniverse
has hosted over 350 projects with over 2 million registered volunteers making over one million
classi�cations across the platform weekly. These projects have led to more than 200 peer
reviewed publications to date (https://www.zooniverse.org/about/publications ).

At a time when citizen science is gaining in prominence across the world, the Zooniverse has
become a core part of the research infrastructure landscape. The Zooniverse encourages
participation in active research by supporting the general public to contribute to the cleaning,
annotating, and processing of scienti�c data. Zooniverse projects also facilitate direct interaction
between citizens and scientists. Raddick et al. (2013) found that the most important motivator
for Zooniverse volunteers is the desire to contribute to ongoing scienti�c research. Through
the Zooniverse discussion forums, volunteers discuss objects of interest, generating hypotheses
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and examining them in the light of new evidence, alongside members of the research team.
In addition, each Zooniverse project has a blog and other social media outlets through which
research team members share results of the data analysis, publications, and more.

Considering that classifying on Zooniverse projects has a considerably low barrier to entry (vol-
unteers simply need an email address), the Zooniverse team has invested considerable thought
and e�ort to ensure data quality and reliability. Lack of specialist knowledge or misclassi�cation
can lead to errors within data produced by citizen scientists (Freitag et al. 2016). Zooniverse's
approach to citizen science directly addresses these concerns and has led to an established
track record of producing quality data for use by the wider scienti�c community. By creating
consensus results based on numerous classi�cations, researchers working with Zooniverse have
been able engage a disparate crowd of volunteers to produce reliable results (e.g., Lintott et al.
2008, Schwamb et al. 2012, Johnson et al. 2015), leading to discoveries both intentional and
serendipitous. Within the �eld of astronomy in particular, citizen scientists have contributed to
the discovery of new exoplanet candidates (Zink et al., 2019, Eisner et al. 2020), identi�ed previ-
ously undiscovered protoplanetary disks (Kuchner et al. 2016), and revolutionized astronomers'
understanding of galaxy morphologies (Masters et al. 2019). This list is by no means exhaustive,
and accounts for just a tiny fraction of the discoveries Zooniverse volunteers take part in on a
regular basis.

The Zooniverse is an excellent resource when integrating an authentic research component into
college-level general education science courses. By providing these students with insight into
what actual scientists do, and how modern data analysis works, citizen science can be used
as a tool to contribute to a more scienti�cally and data literate population of learners. To this
end, we have developed four lab-type activities aimed to improve college students' data literacy
while emphasizing that citizen scientists make valuable contributions to a variety of scienti�c
disciplines.

Two of these activities based around the topics of extrasolar planets and climate change, in-
corporated data from the Zooniverse projects Planet Hunters (www.planethunters.org )
and Floating Forests (www.floatingforests.org ), respectively. These two activities have
been pilot tested with over 3,000 college students enrolled in introductory astronomy and
earth science courses. Preliminary results indicated that after completion of these activities,
students' con�dence with respect to utilizing data-representations (e.g. graphs, charts, and
tables) to make evidence-based conclusions increased signi�cantly. Similar results were found
for students' beliefs that citizen science is a valuable tool when making scienti�c contributions,
and that they (as non-science majors) can contribute in a meaningful way to real research (Simon
et al. 2021 in prep, Rosenthal et al. 2021 in prep). These two activities will be available for public
use on the Zooniverse classrooms webpage (https://classroom.zooniverse.org/#/ ) by
the Fall of 2021, while we expect the two additional activities developed around the projects
Planet Four (www.planetfour.org ) and Gravity Spy (www.gravityspy.org ) to be available
by the Summer and Fall of 2022, respectively.

For a more extensive list of Zooniverse educational resources, particularly for online classrooms,
refer to: https://blog.zooniverse.org/2020/03/18/zooniverse-remote-online-le
arning-resources/
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#RADatHomeIndia a Collaboratory Model of
Citizen Science Research

(Big-data is a big-resource for development if citizen science follows a Collaboratory approach)

Speaker: Ananda Hota, UGC-faculty, UM-DAE Centre for Excellence in Basic
Sciences, RAD@home Astronomy Collaboratory, India

RAD@home (#RADatHomeIndia) is a nationwide, Inter-University
Collaboratory of professional astronomers, trained citizen scientists
and technical/administrative facilitators. It is the only Indian
citizen science research platform in astronomy. Nearly 30
institutes and similar number of professionals have contributed
to its growth since 2013. In a "�ying pyramid" model, scien-
tists and facilitators are its wings, and large number trained
citizen-scientists (e-/i-astronomers) at multiple levels of expertise
make the multi-layer pyramid. It has 150 e-astronomers, 1000
i-astronomers, 2500 active learners, 4700 total members. This way
citizens achieve GMRT telescope time, co-authorship in papers on
galaxy evolution and MS/PhD selections abroad or all round growth.

Talk link:https://youtu.be/VMZzP4BPCsU

RAD@home Astronomy Collaboratory, India (#RADatHomeIndia,https://radathomeind
ia.org/ ) is a nation-wide Inter-University Collaboratory of dozen professional astronomers,
150+ e-astronomers (trained citizen-scientists), 1000 i-astronomers & 2500 active learners in a
group of astronomy-interested 4700 Indians. Its motto is any BSc/BE/BTech can do research
(#ABCDresearch) using the Giant Metrewave Radio Telescope (GMRT) sitting @home anywhere
in India free of cost. Though launched as a zero-funded, zero-infrastructure, human-resource
network on Facebook and Google on 15th April 2013, the Collaboratory has achieved signi�cant
progress since the last eight years. It has grown to be a self-sustainable network of citizen-
scientists trained to discover exotic black hole galaxy systems primarily from the low frequency
150 MHz TGSS DR5/ADR1 data taken with the GMRT, the largest such in the world and pride
of India. These citizen-scientists not only come from all parts of India, as shown in the map of
India, but also from all walks of life, as long as they have entered University-level science and
engineering education.

In last eight years, numerous one week-long Citizen Science Research (CSR) training workshops
known as "RAD@home Discovery Camps" and one day RAD@home Astronomy Workshops
have been organized with the help of nearly 30 institutions all over India, including UM-DAE
CEBS (Mumbai) where the Director & Principal Investigator (PI) of the Collaboratory works as
an UGC-faculty (University Grant Commission, Ministry of Education, Govt of India). Over 150
students/citizens have been trained in Camps co-organized by this research startup (under UGC-
FRP mission). Those Camp-hosting institutions are International Centre for Theoretical Sciences
of the Tata Institute of Fundamental Research (ICTS-TIFR, Bangalore), Institute of Physics (IOP,
Bhubaneswar), Harischandra Research Institute (HRI, Allahabad), Nehru Planetarium (Delhi),
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