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The following is a summary of the 3rd Shaw-IAU workshop on Astronomy for Education held 12 — 15 October, 2021
as a virtual event. The workshop was organised by the IAU O [cebf Astronomy for Education. More details can be
found on: https://astrodedu.org/shaw-iau/3rd-shaw-iau-workshop/.

The O LCcebf Astronomy for Education (OAE) is hosted by the Haus der Astronomie on the campus of the Max
Planck Institute for Astronomy in Heidelberg. The OAE’s mission is to support and coordinate astronomy education
by astronomy researchers and educators, aimed at primary or secondary schools worldwide. The OAE is an o Lcebf
the International Astronomical Union, with substantial funding from the Klaus Tschira Foundation and the Carl Zeiss
Foundation. The Shaw-1AU Workshops on Astronomy for Education are funded by the Shaw Prize Foundation.
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e Foreword

3rd Shaw-1AU 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 |
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 O [ce bf 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 Possel
Director, IAU O [cebf Astronomy for Education
Heidelberg, November 16, 2021


http://astro4edu.org
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Organizing Committeese

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 Millerthann,
Markus Nielbock, Eduardo Penteado, Markus Pdssel, 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 Péssel (Chair), Sara Ricciardi, Rosa M. Ros, Saeed Salimpour, Stefano Sandrelli,
Anna Sippel, Aniket Sule, Stefania Varano, Alessandra Zanazzi

Scienti ¢ 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 Pdssel, Carmelo
Presicce, Travis Rector, Sara Ricciardi, Nayra Rodriguez 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.






Teaching with Astronomy Exhibitse

Session organisers: Giuliana Giobbi, INAF-OAR -
National Institute for Astrophysics, OAE Center
Italy, Italy and Renate Hubele,
Haus der Astronomie/ZAH, Heidelberg
University, Germany

SESSION OVERVIEW

This session focuses upon the use of easy-to-reproduce exhibits in contemporary interactive
teaching of Astronomy in schools and for public outreach purposes. We invited a few as-
tronomers and educators from various scienti c institutes around the world, to nd out about
tools, ideas and techniques, and two speakers engaged in inclusive teaching, with exhibits dedi-
cated to people with visual impairments. Wolgang Vieser, from the ESO Supernova Exhibition
Centre, Germany, focused on a couple of workshops he and his colleagues have created, for
introducing a few concepts of optics and astronomy to secondary school pupils. Rick Tonello,
from the Gravity Discovery Centre located in Gingin, Western Australia, described their Space-
time Simulator, an impressive exhibit that illustrates how gravity and mass induced space-time
curvature work. Farprakay Jiarakoopt, from the National Astronomical Research Institute of
Thailand, described two exhibits in detail, which can easily be reproduced and are useful to be
applied in classroom activities for more e ective lessons about basic concepts of astrophysics.
B.S. Shylaja, from the Jawaharlal Nehru Planetarium of Bangalore, India, explained the use of a
clock and another exhibit for a simple explanation of time, phases of the moon, and the orbits.
Nicolas Bonne, from the Tactile Universe Outreach Centre at the University of Portsmouth,
UK, illustrated the tactile models of galaxies they produced and used mainly with groups of
blind and visually-impaired pupils and people. Amelia Ortiz Gil, from the University of Valencia,
Spain, showed us the 3D tactile model of Mars prepared on the occasion of the "Inspiring Stars"
Exhibition organized for the 100 years of IAU. We also had two poster contributions from Tan
Jyh Harng (Singapore Science Centre) and Sitaram Bettadpur (Kolkata, India).



TALK CONTRIBUTIONS

Engaging through DIY Workshops to Discover Scienti ¢
Principles and High-Tech Applications

Speaker: Wolfgang Vieser, European Southern Observatory, Germany

E ective learning relies on the involvement of as many senses as
possible and a positive learning environment. ESO Supernova Plan-
etarium & Visitor Centre, of the European Southern Observatory
(ESO), is in high demand as an out-of-school learning location o er-
ing a varied education programme. In this talk, | wil explain how we
engage students with the discovery of curriculum-related physical
principles through hands-on workshops that make use of low-cost
materials and easy to make, portable setups. With the example of
our Telescope workshop, | will illustrate how both basic scienti ¢
principles and applications of modern engineering, e.g., for the Ex-
tremely Large Telescope of ESO, can be investigated by the students.

Talk link:https://youtu.be/F21fo70OmbFY

The European Southern Observatory (ESO) is the foremost intergovernmental astronomy organ-
isation in Europe and well known for designing, constructing and operating powerful ground-
based observing facilities. At its Headquarters in Garching near Munich, ESO is also running the
ESO Supernova Planetarium & Visitor Centre that engages with more than 60000 visitors a year.
The ESO Supernova (ES) is not only a free astronomy centre for the public with a state-of-the-art
planetarium, a huge exhibition oor and seminar rooms for conferences, talks and workshops
but also an out-of-school learning location that attracts approximately 9000 pupils (K-12) a year
coming from 11 di erent countries (numbers from 2019). The permanent exhibition "The Living
Universe" features 13 themes covering the science and technology behind modern astronomy,
encompasses 2200 square meters of barrier-free exhibition space and is bilingual (English &
German) throughout. The content is presented to the visitors in many di erent ways: interactive
digital and physical exhibits, video and audio clips, large-scale images and models as well as
panels and touch screens so that visitors can individually choose the depth of information.

Many studies indicate that there are positive long-term impacts of museum experiences and that
learning actually happens in science centres (e.g. Falk etal., 2014). In contrast to everyday school
life, "Scienti ¢ eld trips to science centres can generate a sense of wonder, interest, enthusiasm,
motivation, and eagerness to learn, which are much neglected in traditional formal school
science" (Eshach 2007, p. 125). A eld trip for pupils K-12 to ES includes a visit to a planetarium
show, an age-appropriate guided tour of the exhibition led by an education specialist, a trained
student or sta member from ESQO's science or engineering department and an inquiry-based
workshop led by an educator. This programme is free of charge and allows authentic experiences



Figure 1: The setup of the "Catching Starlight"
workshop (left) and the activity to introduce mod-

ern telescope technology to the pupils (right)
Figure 2. Focusing of parallel laser rays via a

magnifying glass is made visible in the cube of
coloured synthetic resin.

with science and technology in the context of autonomous, active, pupil-centred learning. It
has been shown that this way of learning elicits extended engagement and self-directed inquiry
(Allen, 2004) and supports intrinsic motivation, interest in science, self-con dence and science
learning achievement (DeWitt & Storksdieck, 2008). Observations of school groups during a
guided tour at ES show that especially the interactions with the guide, the possibility to ask
guestions and to have discussions among themselves, leads the pupils to be more cognitive
and emotionally engaged during the visit than they were in the classroom. Since studies (e.g.
Henriksen & Jorde, 2001) indicate that students' interaction with exhibits can generate and
facilitate misconceptions, ES's interactive exhibits are part of the guided tour, so that the pupils
already have a conceptual understanding of the exhibits before they go exploring on their own
later on.

For the inquiry-based workshops, the essential design factors for exhibits, that allow a playful
and exploratory discovery of scienti ¢ principles, and the curriculum relevant requirements
are taken into account. The workshop design allows multiple opportunities for exploration and
collaboration and also features phenomena that contrasted with pupils' previous experiences.
The workshops also include cognitively challenging parts, allowing for internal di erentiation
and adaptation to di erent learning speeds. They are implemented in such a way that they can
be easily replicated, repeated and enhanced in educational institutions or at home for low cost.
The construction manuals as well as the student and teacher worksheets can be downloaded
from ES's website.

The workshop "Catching Starlight" for example covers large parts of the curriculum topic "Optics".
The objective is to nd out more about lenses, how to classify and to combine them to build

an optical device - in this case di erent telescope designs. When experimenting, additional
phenomena can also be investigated, such as why the orientation of an image changes when
seen through a lens, how to mix light of di erent colours, why an obstacle in the beam path
like a secondary mirror does not lead to an incomplete image. The workshop consists of many
activities that enhance scienti ¢ understanding via the method: predict, observe, explain. Like
all our workshops, this one is also made of everyday materials (see Figure 1). A laser cannon,
made out of a drainpipe, a laser pointer, a di raction grating and a magnifying glass, generates
many parallel laser beams with which the discovered principles can be validated and the focusing
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of light can be perceived as a three-dimensional process when the laser rays become visible
inside the light ray block made of coloured synthetic resin (see Figure 2).

Although the used gadgets and implemented methods are engaging, the sole use of "old-
style" telescope designs to nd out more about optics is not particularly exciting for pupils.
We therefore designed additional activities to make pupils familiar with modern telescope
technologies, namely segmented mirrors and active optics that are used in ESO's Extremely
Large Telescope. Here, the pupils need to focus parallel laser beams with the aid of six single at
mirrors (see Figure 1). The mirrors stick magnetically to the surface, can be moved and adjusted
in their angle of inclination (with the help of "actuators"). Di erent ways of focusing the light

are possible: prime focus, Cassegrain focus or Nasmyth focus.

The "Catching Starlight" workshop takes about 60 to 90 minutes in total and is very popular for
pupils aged 10 15 years but is also extensively used for teacher training.

In total the ESO education programme o ers six di erent workshops for di erent age groups (K-
12). More workshops are in preparation as well as a professional evaluation of the workshops.
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Space-time Simulator Demonstration

Speaker: Richard (Rick) Tonello, Gravity Discovery Centre, Australia

In 1915, Albert Einstein published his celebrated "The General
Theory of Relativity", the concept of curved space and warped
time caused by the mass of an object was only within the grasp
of professional physicists and well out of reach for the everyday
layperson or school student. Using simple construction materials
and methods, the "SpaceTime Simulator” (STS) has changed that by
giving the teacher and student, the ability to observe a "simpli ed"
version of Einstein's four-dimensional Spacetime. Using di erent
mass spheres, the STS can now demonstrate and observe how
objects are a ected by the curved geometry caused by the mass of
objects. A number of demonstrations can be performed utilising
Space Time Simulator (STS). From demonstrating how a photon of
light travels in a straight line with no mass present to how matter

Is "spaghetti ed" by the gravitational interactions of a simulated
Black Hole.

Talk link:https://youtu.be/1bRyg804BN8

"Matter tells Space(Time) how to Curve; Space tells Matter how to Move".
-John Wheeler-

In 1915, Albert Einstein published his celebrated "The General Theory of Relativity", the concept
of curved space and warped time caused by the mass of an object was only within the grasp of
professional physicists and was well out of reach for the everyday layperson or school student.

This apparatus has changed that by giving the teacher and student the ability to observe a
"simpli ed" version of Einstein's four-dimensional Spacetime. By the use of di erent mass
spheres, they can now experiment and observe how objects are a ected by the curved geometry
caused by the mass of objects.

Equipment: The SpaceTime Simulator (STS) is very simple in its construction. The Gravity
Discovery Centre's STS is made from an old trampoline frame that was recovered from a local
recycling centre. The frame may be constructed from any number of materials (steel tube,
aluminium or timber) depending on its availability and the skill of the person constructing the
STS.

The circular design has proven to work the best, given when a mass is applied to the fabric, it
produces an even curvature rather than a strange curvature produced by a square/rectangular
frame. However, a square/rectangular can still work well enough to demonstrate curved Space-
Time. The Fabric used is Ly@mat Spande® This material is durable, has the ability to stretch
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a great amount and return to its original form. One addition to the fabric would be grid-lines
that may represent the dimension of Time. Time can be observed to remain constant (i.e. no
stretching or compressing) when there is no mass applied and "stretch” when a mass is applied
to the fabric.

The test masses (planets & stars) can be anything from golf balls, tennis balls, billiard balls,
bocce balls, shot-puts/solid iron balls and even ten-pin bowling balls. A range of masses is ideal,
a heavy mass to represent a star, an intermediate to represent a Super Jupiter/Jupiter planet,

and numerous, lighter masses for small planets.

Demonstrations:As the video shows, a number of demonstrations can be performed utilising
STS. From demonstrating how a photon of light travels in a straight line with no mass present to
how matter is "spaghetti ed" by the gravitational interactions of a simulated Black Hole. The
STS has been in use at the Gravity Discovery Centre for well over 15 years and has demonstrated
to countless people how Gravity is an acceleration along the curved geometry of Spacetime.

We imagine that Albert Einstein would have been delighted to see his complex theory demon-
strated in a manner that is understood by people of all education levels and ages.

Designing an Astronomy Exhibition to Support Outdoor
Education for School

Speaker: Farprakay Jiarakoopt, National Astronomical Research Institute of
Thailand

The astronomy exhibitions in Thailand were designed with the
contents related to the basic education core curriculum in mind.
The exhibitions feature interaction both via the use of technology
and more traditional means to provide a better experience for
the audience. The audience are encouraged to experience and
promote inquiry to further explore the exhibits. The exhibition is
produced in-house, therefore, visitors can easily deliver ideas of
the exhibited equipment to apply with their activities in classroom.
Our exhibition values lifelong learning and teaching, curiosity
and inquiry, iteration and evidence, integrity and authenticity for
sustainability. Examples of exhibition zones such as moon phases,
scattering of light, and proof of the Earth's rotation by using the
pendulum, etc.

Talk link:https://youtu.be/RM65PLIAOSU
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The National Astronomical Research Institute of Thailand or NARIT is a research institute under
the Ministry of Higher Education, Science, Research and Innovation. Its main missions are to carry
out, support, and promote the development of astronomy and astrophysics in Thailand through
research, public outreach, and educational activities. To raise awareness of astronomy, NARIT
provides exhibition services for students and the general public across all regions in Thailand to
explain the basic knowledge of astronomy by designing with the contents related to the basic
education core curriculum in mind: Astronomy and Space. The exhibitions feature interaction
both via the use of technology and more traditional means to provide a better experience for the
audience. The audience are encouraged to experience and promote inquiry to further explore
the exhibits. The exhibition is produced in-house including technologies, contents, infographics,
etc. Therefore, visitors can easily deliver ideas of the exhibited equipment to apply with their
activities in the classroom. Our exhibition values lifelong learning and teaching, curiosity and
inquiry, iteration and evidence, integrity and authenticity for sustainability.

Objectives

1. To be a learning center in astronomy for local communities, schools, and universities to
support astronomical academic services in school's curricula. And become the modern
astro-tourism attractions of the region.

2. To be alearning resource where visitors can easily deliver ideas of the exhibited equipment
to apply with their activities in the classroom.

3. To pursue knowledge and technology transfer in the eld of astronomy.

Exhibition in AstroPark:The exhibitions feature interaction both via the use of technology
and more traditional, emphasis on self-learning through devices and demonstration video.
Furthermore, there are sta standbys to give more information to the visitor. There are two
main exhibitions in AstroPark.

1. The Basic Astronomy Exhibition is inspired by basics of astronomy that can be seen in
everyday life. Divided to 17 zones including Exploring the Solar system, Songs of the
Universe, Moon Phases, Tides, Cosmic ray detector, Spectrum, Pattern in the sky, Aper-
ture and Intensity, Seasons, Compare the weight on each planet, Your weight on other
planets, Rotation of gas giant, Meteorite, Stellar evolution, The cosmic calendar, Foucault
Pendulum, and Mission on Mars. In addition, the content and format of the exhibition
are modi ed and updated to create a variety of learning.

2. The Astronomy Insight exhibition applied knowledge of fundamental physics and intro-
duced in-depth astronomy data in the research eld. There are 14 zones consist of Colors
of light, Scattering of light, Refraction of light, The speed of sound, Pinhole Camera, Sun-
dial, Liquid mirror telescope, Multiwavelength Astronomy, Infrared, Exoplanet exploration,
Black Hole, Gravitational Lensing, In nite re ections, and Astronomical phenomena.

Year-to-Date Operating Result®uring July 2020 to July 2021 there were 160,945 people who
visited the exhibition in AstroPark (temporarily closed due to COVID-19 in April to June 2021).
And 1,160,290 people participated in the online events.
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