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e Foreword

4th Shaw-IAU Workshop on Astronomy for Education

What would you need to know to be able to strengthen the role of astronomy in schools? You
might want to look at how curricula are created in the first place, and you will want to profit
from the experiences of those who have already been successful in including astronomy in their
countries’ curricula. You would likely be interested in the various roles that astronomy can play
in practice, in both primary and secondary schools. You might turn to astronomy education
research for answers to questions about what fosters student interest in the STEM subjects
science, technology, engineering and mathematics — and since at least part of the answer
appears to be that cutting-edge results, such as those involving black hole shadows or exoplanets,
are of particular interest to numerous students, you might want to look into including those
topics in school teaching. Last but not least, you might look for synergies between astronomy
and raising awareness for one of the most pressing challenges of our time: climate change.

That, at least, were our assumptions when we considered which sessions to include in this year’s
Shaw-IAU Workshop, and from the feedback received so far, we seem to have hit the mark.
The workshop itself was truly global, with 600 participants from more than 90 countries. We
particularly salute those participants who had to make special e [arits to attend, circumventing
state-imposed restrictions on international communication. With these proceedings, as well
as the videos and posters from the workshop that are available online, we make the various
contributions available beyond the confines of the workshop itself.

Although the total count is only up to four, the Shaw-IAU Workshops have already become
something of an institution. Their genesis, of course, is directly linked to the International
Astronomical Union’s establishment of its O [ce’bf Astronomy for Education in late 2019, hosted
at Haus der Astronomie and the Max Planck Institute for Astronomy in Heidelberg, Germany,
and the evolution of the Shaw-IAU Workshops has paralleled the building of the OAE as a whole.
The online format started out in 2020 as a pandemic necessity. But we soon realised that the
kind of online meeting the Workshops provided was a highly accessible format that would allow
us to make these workshops truly global, and to set the threshold for participation as low as
possible. We acknowledge that there still is a threshold — since internet access with su [cieht
bandwidth is required — and we will continue to look for ways of increasing accessibility even
further. Perhaps the hybrid format pioneered by the OAE Center China-Nanjing this year, which
combined the virtual and international Shaw-I1AU Workshop with an in-person teacher workshop
(as well as a nation-wide online workshop) is a model for the future?

On the part of the O [ce bf Astronomy for Education, we hope that these proceedings will help
you to make better and more e [edtive use of astronomy in support of primary and secondary
school education. It’s a big universe out there — let’s encourage students to explore it!

Markus Possel
Director, IAU O Lce bf Astronomy for Education
Heidelberg, December 2022
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Gravitational Waves, Black Hole
Shadows and Exoplanets: Can

We Make a Place for Cuttlng-
Edge Results in Schools?

Session organisers: Anna Sippel (OAE Heidelberg), Niall Deacon (OAE
Heidelberg), Stefano Sandrelli (OAE Center Italy), Surhud More (OAE Center
India), and Rosa Doran (NUCLIO, Portugal)

SESSION OVERVIEW

Cutting-edge science is not only exciting and interesting but also acts as an important introduc-
tion to both, scienti ¢ content, and the challenges of doing science. Many of you will have rst
become fascinated by astronomy thanks to hearing about a new, ground-breaking result. But
cutting-edge science is di cult to teach about: By de nition, it is a rapidly changing topic, and
the latest results today may eventually become redundant in the future. This constantly shifting
scienti ¢ landscape makes the incorporation of cutting-edge results into lessons and curricula
tricky.

In this session, we discuss how to introduce cutting-edge results in schools, and highlight the
challenges faced by astronomers, science communicators and teachers in building educational
content for scienti ¢ areas such as gravitational waves, black holes shadows, and exoplanets
into the curriculum.

Ten speakers will be sharing their challenges and achievements in this di cult but important
task: From introducing a robust educational framework to a module connecting the astrophysics
of black holes to the properties of the waves to using observational facilities and real data of
exoplanets for project based and interactive learning activities, a very broad range of topics is
covered. Exoplanet data are also used for active-learning tasks for students in mathematics and
physics classes while another project focuses on using astronomy to implement transferable
skills particularly prevalent in IT and maths. Highlights from collaborations such as LIGO Virgo
KAGRA as well as EHT are presented, to convey gravitational-wave astronomy to students and
teachers around the world, and we also get an introduction to Space Scoops, which brings news
from across the universe to kids around the world.



TALK CONTRIBUTIONS

Combining Design-Based Research and the Model of Educational
Reconstruction in Astronomy Education

Speaker: Magdalena Kersting, University of Copenhagen, Denmark

How can we make a place for cutting-edge astronomy research in
schools? Which methods ensure that our instructional activities
work in diverse educational contexts and become relevant to
students? While cutting-edge topics such as gravitational waves,
black hole shadows, and exoplanets have great potential to
motivate students, the novelty of these topics poses challenges for
teachers and instructors. This contribution will present a robust
educational framework, the Model of Educational Reconstruction.
| will argue that we can combine this framework with design-based
research methods to develop instructional resources that engage
students and successfully convey the subject matter. Case studies
in general relativity education will illustrate the e cacy of this
approach in astronomy education.

Talk link:https://youtu.be/vg9cobm3AzI

Science classrooms are critical places to foster positive attitudes in science and prepare for future
career choices. Since astronomy, applications of physics in space, and unsolved physics problems
are popular topics among students (Kersting et al., 2021; Sjgberg & Schreiner, 2010), cutting-edge
astronomy can realise the potential of formal science education to motivate and inspire students.
Besides, these topics often create a sense of personal relevance among students and have been
found to engage girls and boys alike (Kaur et al., 2020; Kersting et al., 2021, Sjgberg & Schreiner,
2010). Nevertheless, the novelty of cutting-edge research can present teachers and educators
with challenges. Usually, little is known about students' learning processes, including possible
alternative conceptions, in these learning domains. Additionally, teachers can seldom rely on
previous experience in teaching such cutting-edge topics.

It is here that physics and science education researchers can contribute to making a place for
cutting-edge astronomy results in schools. By integrating the perspectives of scientists, teachers,
and students, education researchers are well positioned to develop instructional approaches and
learning resources that convey new science concepts successfully while also engaging students
in diverse contexts. A promising approach for synthesising these di erent perspectives and
designing successful science instruction is combining the Model of Educational Reconstruction
and design-based research (Kamphorst, 2021; Kamphorst & Kersting, 2019; Kersting, 2019).

While the Model of Educational Reconstruction serves as an overarching framework to recon-
struct novel scienti ¢ topics from an educational perspective (Duit et al., 2012), design-based



research provides an iterative methodology for developing and testing learning resources e ec-
tively (Anderson & Shattuck, 2012). The Model of Educational Reconstruction takes its starting
point from the assumption that science subject matter issues as well as student learning needs
and capabilities have to be given equal attention in attempts to improve the quality of teaching
and learning (Duitetal., 2012, p. 13). Inrecent years, physics and science education researchers
have proposed educational reconstructions of special relativity (Kamphorst et al., 2021), general
relativity (Kersting et al., 2018), dark matter (Woithe & Kersting, 2021), nanotechnology (Laherto,
2010), non-linear systems (Stavrou, 2015), and climate change (Niebert & Gropengieyer, 2013),
among others.

Design-based research (DBR) tries to create instructional materials that function well in the
messy environment of everyday school education (Kamphorst & Kersting, 2019). design-based
research methods depend on several iterations of development and testing conducted in close
cooperation with teachers and educational practitioners. Such cycles of iterations include
problem analysis, solution creation and design, implementation, and subsequent assessment.
Learning designs are continuously updated and improved because of teacher input, student
views, and new research on learning processes. This constant re-evaluation and adaption of
instructional resources are particularly useful when researchers and educators try adapting the
material to di erent learning contexts and age groups.

While the Model of Educational Reconstruction provides perspectives on the subject area,
teaching, and learning (theories), design-based research provides a methodological structure
to include practitioners and design hypotheses. Common to both is the iterative approach in
which classroom studies inform the design of learning resources. Examples of such iterations
on speci ¢ learning resources and an educational reconstruction of general relativity can be
found in (Kersting, 2019). In summary, combining the Model of Educational Reconstruction with
design-based research methods can help us leverage the potential of (cutting-edge) astronomy
in formal education.
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Bringing Gravitational Waves Into the Classroom Using Streamlit

Speaker: Sumeet Kulkarni, University of Mississippi, USA

Physics concepts surrounding oscillations and waves at the middle-
and high-school level can be introduced in a more enticing way
by hooking students with cutting-edge research in gravitational
waves. We have developed an online, interactive module that
serves this purpose using Streamlit, a python-based library. The
module connects the astrophysics of black holes to the properties
of waves that they emit, forming a toolkit for teaching the same in
an engaging way. It can be self-completed, used in an online lesson,
or interactively in a classroom module. Formative assessment
guestions are provided at a conceptual level.

Talk link:https://lyoutu.be/[7WcEimtJtl

The LIGO Science Education Center (SEC) in Livingston, Louisiana, USA was established to
increase science engagement and provide access to quality physics education at one of the
two Laser Interferometer Gravitational-wave Observatory (LIGO) sites in the country. Through
on-site school eld trips and detector tours, the focus of LIGO SEC has always been to connect
fundamental physics involved in the detection of gravitational waves to the concepts being taught
in schools. A lot of this involves hands-on demonstrations that build upon certain instrumental
challenges encountered by LIGO. For instance, the mirrors used inside the interferometer are
controlled using electrostatic actuators this is not too di erent from how the build up of
static charge enables us to displace light objects. Another example involves using pressure and
vacuum demos, given that the 4-km long LIGO arms contain one of the largest vacuums in the
whole world, to avoid scattering of the laser light that they carry.

With the onset of the COVID-19 pandemic, SEC eld trips had to be conducted virtually. This
change was accompanied by a creative redesign of the hands-on activities using materials that
could be shipped or easily procured at home. At the same time, the value of developing web-
based lessons was evident. However, the challenges of developing in-house web applications
are many: how to transfer software to the students? How to make sure it is compatible with a
wide array of computers and operating systems? How to strike a balance between creating a
well-developed lesson plan and writing the actual code?

| spent the Spring semester of 2022 at LIGO Livingston SEC as an outreach fellow. | was well-
versed in the Python programming language for my research, and | soon encountered Streamlit,
an open-source framework for easy web-deployment of python code. Streamlit had been used
previously within the LIGO education and public outreach (EPO) group to create a webpage [1]
where users could easily visualise public data displaying the Gravitational-wave events detected
by LIGO-Virgo so far.

With the goal of using the fundamentals of gravitational waves to teach high-school physics
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concepts of oscillations and waves, | experimented with the Streamlit interface and found it to
be very easy to work with. | wanted to explain how a gravitational waveform recorded by our
detectors is linked with the picture of two black holes spiralling into one another and colliding.
The way these black holes move leads to interesting dynamics seen as changes in the frequency
and amplitude of waves, which in turn can be used to teach these concepts. Streamlit enables
making interactive plots where wave parameters can be modi ed by the user, and can even be
played out as sound. At the end of the lesson, having learned di erent features of a gravitational
wave, students can make their own gravitational wave by selecting masses of black holes.
There is even a game at the end where students try to gure out which two black holes emit a
particular waveform corresponding to one of the actual events detected by LIGO-Virgo.

Our new app [2] is cloud-based and hosted on the Streamlit server, which makes it possible for
anyone to access it. There is no setup time and requirement involved for teachers. The lessons
themselves can be either self-guided or conducted in classroom groups. All in all, Streamlit
makes it possible for creating a free, easy to deploy, interactive online classroom lesson to teach
the simple physics of oscillations and waves by connecting it to the frontiers of gravitational
wave research.

References:
1. Jonah Kanner (2020). Gravitational-wave apps help students learn about black holes.
Streamlit blog:https://blog.streamlit.io/gravitational-wave-apps-help-s

tudents-learn-about-black-holes/

2. Link to the Streamlit apphttps://sumeetkul-streamlit-waves-gravitational
-waves-demo-kxxtwz.streamlitapp.com/
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