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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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Astronomy in Schools:
e How Do You Get Your Administration

and Your Ministry to Listen?

Session organisers: Tshiamiso Makwela (OAE Heidelberg), Markus Pdssel (OAE
Heidelberg), Li Jian (OAE Center China, Nanjing), Farseem Mohammedy (NAEC,
Bangladesh), and Li Peng (OAE Center China, Nanjing)

SESSION OVERVIEW

One of the goals of the O ce of Astronomy for Education (OAE) is to professionalise astronomy

education for formal education in primary and secondary schools. The main challenge that is
faced in many parts of the world, is that astronomy is not included in the schools' curriculum.

Introducing astronomy in the curriculum means, planning and designing content, material, and
activities for that section. In this session, we will hear from astronomy professors, lecturers, and

teachers who have had the experience of advocating for astronomy education in schools, with
the ministry of education.

In this session, the speakers have had the opportunity to advocate for the inclusion of astronomy
within their school curricula. An interesting aspect of this lies in the fact that the outreach
initiatives alone are not su cient to make astronomy well-known to the general public. As such,
the more practical way of improving astronomy literacy, is through entering astronomy in formal
school. Another interesting aspect, brought through by the invited speaker is that when the
ministries and governments are already open their ears to listen, collaboration can be fostered
to ensure the inclusion of astronomy within the curriculum.

The key aspects of advocacy include initiating, communicating, educating, and collaborating.
Initiating means taking the rst step, and in the context of astronomy, taking the rst step in
acknowledging the need for reform, access, and inclusion of astronomy in schools. Communi-
cating, follows the initiation step, as it seeks to allow di erent stakeholders to engage with one
another to identify key issues, problems, and solutions. Educating is closely linked to communi-
cation, as it seeks to improve the knowledge of the people directly involved i.e., the teachers
(internal - through teacher training pilots), and improve the knowledge of the administrations
and ministries (external). And nally, nd ways to collaborate and bring the vision to fruition.
These aspects we have clearly seen in the talks given in this session.



TALK CONTRIBUTIONS

Embedding Modern Astrophysics Within the High School Physics
Curriculum in Scotland

Speaker: Martin Hendry, School of Physics and Astronomy, University of
Glasgow, United Kingdom

For more than a decade the national high school physics quali ca-
tions in Scotland have included key units on astrophysics, quantum
and patrticle physics, cosmology, and relativity. The focus of these
topics has been not so much what scientists have learned, but how
they have done so thus giving students (and teachers!) greater
insight into general principles of scienti ¢ research, including criti-
cal thinking and problem-solving skills. The focus on open-ended
enquiry also aligned with the Curriculum for Excellence : the
comprehensive reform of Scottish education carried out across
all subject areas. Here | re ect on the experience of re-vamping
the content and principles of high school physics education, in the
context of the wider educational reform introduced in Scottish
schools.

Talk link:https://youtu.be/DolQ7LoaCn8

In 2010 a new approach to primary and secondary education was introduced in schools through-
out Scotland. Known as the Curriculum for Excellence (CfE), this initiative sought to achieve
a transformation in Scottish education by providing a coherent, more exible and enriched
curriculum for children aged 3 to 18. The CfE aims to help every learner develop knowledge,
skills and attributes for learning, life and work, and its implementation has brought about some
signi cant changes to the physics syllabus covered in the Senior phase of high school.

More than a decade later these changes generally appear to have bedded in well, and have
introduced tens of thousands of high school students (and many teachers!) to some of the latest
developments and ideas in astrophysics, cosmology, particle physics, relativity, and quantum
physics. The new material has also been presented within the context of a more open-ended
approach to teaching CfE science that builds critical thinking, data analysis and other transferable
skills; in this sense, the inclusion of more (astro)physics content has been important as much for
what it conveys to students aboutow we have come to understand the cosmos, as it is about
what we have learned.

Key to the successful implementation of these exciting developments has been the teacher

support and infrastructure created and maintained by numerous stakeholders that include
Education Scotland and the Scottish Quali cations Authority, the Institute of Physics in Scotland,
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the Scottish Schools Education Research Centre (SSERC), Scottish University departments of
Physics and Astronomy and the Scottish University Physics Alliance.

The CfE Higher and Advanced Higher Physics Courses

While the CfE has sought to foster positive changes in the teaching of science at all levels, in this
short report | will focus solely on the Higher Physics and Advanced Higher Physics courses
taught during the Senior Phase of High School (usually students' fth and sixth year of study).

The Higher Physics course comprises four teaching units, three of which have been signi cantly
updated:

" In Our Dynamic Universe students are introduced to the basic concepts of special
relativity (including time dilation and length contraction, deriving the relevant formulae
from rst principles), the Hubble expansion and evidence for the hot Big Bang (including
black-body radiation and the cosmic microwave background radiation).

In Particles and Waves students learn about qualitative features of the Standard Model
of particle physics, emphasising not just how far this theory has come but also where the
remaining gaps in our understanding lie. Particles and Waves also introduces the key ideas
of wave-particle duality, focusing on the photoelectric e ect, the double slit experiment
and its implications for a quantum description of reality.

In the new Researching Physics unit students undertake a short piece of research on
a topical subject of their choice. Popular subjects that schools have chosen include, for
example, exoplanets where students learn about exoplanet detection methods and e.g.,

analyse transit light curves, to test simple hypotheses.

TheAdvanced Higher Physiaourse also comprises four teaching units, with again three of
them re-vamped to contain enhanced astrophysics / relativity / quantum physics content:

" Inthe new Rotational Motion and Astrophysics unit, students build upon special relativity
covered in the Higher Physics course and are introduced to the key ideas of general
relativity via the Equivalence Principle, to a qualitative discussion of the geometry of
curved spacetime and to simple calculations related the Schwarzschild radius and the
event horizon. This unit also includes a basic description of the lifecycles of stars and the
Hertzsprung-Russell diagram.

In the re-vamped Quanta and Waves unit, more basic quantum physics is introduced -
including the Bohr atom and the concept of the de Broglie wavelength that signi cantly
extends the material covered in the Higher course.

Finally, in the Electricity and Magnetism unit, students learn how the speed of light

connects to the permittivity and permeability of the vacuum together with the broader
signi cance of James Clerk Maxwell's uni cation of the electric and magnetic elds.
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Lessons learned from the Scottish experience

The inclusion of new astrophysics material has been generally popular with both students
and teachers, but it has taken many teachers far from their comfort zone. Contributing to
this is the fact that there is not a rigidly de ned syllabus for the Higher and Advanced Higher
courses but instead a series of Experiences and Outcomes outlining the content that students
would be expected to understand. However, this exibility in the detail of how the courses

are taught in each school has resulted in an impressive degree of collegiality across schools
and local education authorities. The Institute of Physics in Scotland has been a prime mover in
collating and promoting these shared, teacher-led resources, and in moderating the Scottish
physics teachers' online discussion forum, SPUTNIK, which many teachers use to discuss the
astrophysics content and how best to teach it. These discussions have been particularly valuable
around how to prepare students for the open-ended questions that are now rmly part of the
national quali cations exam papers; the goal of these questions, to encourage students to think
more like a physicist rather than relying on rote learning, is a worthy one, but is challenging
nonetheless. IOP Scotland and SSERC also provide hugely valuable teacher CPD opportunities,
both in-person and online, and have helped to build con dence in higher-level experimental
skills such as dealing with errors and measurement uncertainties.

Overall, then, the success of the Scottish experience should give con dence to other countries
or regions seeking to convince their education authorities to include more astrophysics content.
Key factors that can contribute to making a strong case would appear to include:

"~ the political and economic demands for more STEM engagement, to address possibly
signi cant future employment gaps and shortfalls;

" exploiting the proven popularity of astronomy amongst students, and the way in which it
can build broader STEM skills that will be needed to plug these gaps and shortfalls;

"~ the importance of providing e ective teacher support, through partnerships between
universities, professional bodies and other stakeholders.
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