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Inaugural Einstein-First International Workshop: Teaching Einsteinian Physics in Schools 
Perth, 18-21 February 2020 

Hosted by the University of Western Australia 
 

Collaboration Outcomes Meeting Report 
Chair: Elaine Horne, Recorder and Explainer: Carolyn Maxwell, IT: Rahul Choudhary 

 
An International Outcomes session took place on 20 February, with brief presentations from 
members of the Collaboration. From these presentations, as well as discussions on guide 
questions and a round table callout, a set of Outcomes was determined. 
 
PRESENT in Perth: 
David Blair 
Jackie Bondell 
Shon Boublil 
Ron Burman  
Rahul Choudhary 
Robin Groves 
Elaine Horne 
Theo Hughes (Monash University) 
Steve Humphry 
Fadeel Joubran (Israel) 
Jyoti Kaur 
Magdalena Kersting 
Ju Li 
Carolyn Maxwell 
João Pereira (Brazil) 
Marina Pitts 
Richard Toellner (Germany) 
David Treagust 
David Wood 
Marjan Zadnik 
 
PRESENT via Zoom: 
Hongbin Kim (Korea) 
Zong-Hong Zhu (China) 
 
Other Einstein First project and EPER collaborators who commented by email: 
Jan Devlin (Gravity Discovery Centre) 
Ellen Henriksen (Norway)  
Ute Kraus and Corvin Zahn (Germany)  
 
Background: 
 
Pioneering research has provided convincing evidence that a reworked curriculum across the 
schooling years from primary science to specialized high school physics can make the 
conceptual foundations of humanity’s best understanding of the nature of reality available to all. 
The international groups who are partners in this project have pioneered differing approaches 
and techniques aimed at different age groups.  
 
In December 2016, 77 international educators and teachers participated in an International 
Workshop on the Teaching and Learning of Einsteinian Physics at the Gravity Discovery Centre 
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and Curtin University, both in Western Australia. The purpose was to discuss research and 
methods of introducing Einsteinian Physics internationally across the wider school curriculum. 
One outcome of the 2016 International Workshop was the grant application that led to five-year 
funding of the international project on teaching Einsteinian physics in schools: the Einstein-First 
project. It also led to many collaborative projects, and workshops at international conferences. 
Outcomes from the 2016 International Meeting are attached in Appendix 2. 
 
In the Einstein-First project, a coherent Einsteinian-focused physics curriculum will be tested. 
We would like to see trials in as many countries as possible beyond the foundation members of 
the EPER collaboration. We are creating a text Teaching Einsteinian Physics in Schools (to be 
published 2020) and lesson plans and other online products. We would like to bring in 
commercial partners, to support the research and create further online materials. 
 
2020 Outcomes  
 
At the conclusion of the Collaboration Outcomes session, all participants were asked to identify 
key points / actions / motivations / outcomes from the meeting that we should be working 
towards. Below are the outcomes suggested. 
 

• Einsteinian Physics FOR ALL 
• Einstein-First inspiring new passion and enthusiasm in teachers 
• Focus on learning for UNDERSTANDING 
• How to assess UNDERSTANDING of Einsteinian Physics eg. teaching someone else, apply to 

a new context, giving answers in different formats 
• Focusing on, valuing and respecting teachers and the other pressures on them – support, 

problems faced by teachers, how we can help solve these problems, the reality of others and 
the perspectives they bring 

• Change management: the plan is to “change physics education in the whole world”. Attend 
to all stakeholders and others, use different measures of success for different audiences, 
publications are a means of reaching critical mass for some communities. 

• Balance between student discussion (dialogic) and authoritative modes of instruction. 
• Move beyond case-studies and explorative research. 
• Exploring VR (Virtual Reality technologies and augmented reality). 
• Focus on the big picture and keep the end goal in sight. Emphasise strategy and specific goals for 

times. Design based research project. 
• Follow good research processes. Research data to be as robust as possible, keep good 

records, keep everyone in the loop, review assessment data, give feedback to people and 
evaluate ourselves from time to time. Focus on timelines and plans. 

• Consider software platforms, including for project management eg. Program Logic which is 
currently on the website, Basecamp, Slack is free, ensure website is mobile phone friendly. 

• Quality materials and teacher training. Format with introductory summary, 
supplementary content. Trialling of teaching units. Collaborating with teachers who would 
like to trial a unit produced overseas and provide feedback. 

• Make friendly and acceptable analogies to help understanding, addressing misconceptions 
as they arise. Develop a concept inventory associated with analogies. 

• Increased sharing of work, especially with the many people who have joined the EP project 
since 2016. Aim for a critical mass of people. 

• "Journal club": sharing of publications on Einsteinian physics found in journals or online, 
both new and rediscovered older ones 

• Extend teaching-relativity.org: GR education research and GR in international curricula. 
Atomic model at different levels of schooling. 

• Develop coherent concept progression levels. 
• Compare Einsteinian Physics worldwide and translate useful programs or texts into 

appropriate international contexts.  

http://teaching-relativity.org/
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Reports from Collaboration Partners 
 
The major part of the Collaboration Outcomes Meeting consisted of reports from Collaboration 
partners and reflecting on a small number of guide questions. The discussion is summarized 
below. 
 
Brief Progress Reports  
 
Western Australia Team (Emeritus Professor David Blair) 
 
I would like to summarise what we have been reporting during this conference – developing 
lesson plans for an Einsteinian physics curriculum, which goes from Years 3-6 and 7-10. We are 
starting trials this year. We have had many events and workshops that have helped us to focus 
on this big task, particularly in the last year. During this workshop we have been collecting ideas 
from many people on approaches. We are getting ready to train teachers. 
 
Norway (Dr Ellen Henriksen – via email, presented by Dr Magdalena Kersting) 
 
In Norway, the ReleQuant project is formally ended (at least in terms of funding!); however, we 
want to keep in touch with the EPER community and we are at the moment reworking and 
extending the Teacher guides for the ReleQuant Learning Resources. We are still open to 
Master's Degree Projects related to the ReleQuant data and to participating in workshops and 
symposia at Conferences together with EPER colleagues. 
 
China (Dr Zong-Hong Zhu – presentation on screen sharing) 
 
I will talk about our China working group. I am from Beijing Normal University and Wuhan 
University; both are top 10 universities in China. Wuhan is in a dangerous place right now 
(Coronavirus). Maybe some of you know we have many normal universities, the purpose of 
which is training teachers. I organised this working group from Beijing Normal University. Our 
plan and contents are summarised: 
 
Surveying the current status 
Comparative research 
Generating curriculum material and pedagogy 
Practising research 
 
Current status. We just finished a survey in a high school in Hubei Province with questions 
designed by Dr Qhao. Students chose one of five alternatives. All students have some knowledge 
of Einsteinian physics, but a number of students answered ‘unclear’ so there is space for 
teaching Einsteinian physics. They understand high school physics well, but their knowledge of 
Einsteinian physics is poor. They are willing to learn more about it and there is some difference 
for boys and girls. We need to do surveys at more universities and we also need some more good 
questionnaires from all of you. I already have some from Dr Kaur. 
 
Comparative research is two-fold. In China we have different versions for curriculum standards 
on Einsteinian physics. We want to compare the different contents of the length and breadth of 
Einsteinian physics. We also want to compare curriculum standards for China with different 
countries. Of course, at the same time generating curriculum materials and pedagogy, and 
practising research achievements as well. 
 
Popularisation materials for gravitational wave astronomy. Cartoon characters (student, friend, 
gravitational wave, black hole etc) have been designed according to science technology 
principles. We are using the history and philosophy of science to explain gravity and relativity. 
We are also using a music movie to explain black holes – this uses a popular song. The purposes 
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are to explain profound theories in simple language, educating through entertainment and 
getting familiar with black holes by listening to it many times. (Zhu played the music movie). 
This is for middle school. 
 
Korea (Dr Hongbin Kim) 
 
In Korea we are working on a second paper – a research professor, me, a post-doc student and 
five other students. 
 
In South Korea we have been conducting our own research about Einsteinian physics education. 
The most problematic situation in our country is teacher education. First, relativity and quantum 
physics has been included in the high school curriculum since the 2009 and the 2015 reformed 
curriculum. Most teachers still have great difficulty in teaching Einsteinian physics because most 
of them did not learn these topics deeply in their college days. For instance, teachers might 
worry about the right level for teaching relativity in their classrooms. And secondly, the level of 
quality of teachers is very high. Teachers are one of the most preferred occupations among the 
top scoring students. That is why we are concentrating on teacher education programs that meet 
the needs of our teachers.  
 
Our research program has three steps. 
 
The first is a conceptual foundation for Einsteinian physics education. We examined Einstein’s 
perspectives on physics and teaching physics by examining his own writing, for example his 
books and papers. As an outcome, we have developed a framework of relativity and we have 
developed textbooks and papers on relativity. 
 
Course development for teachers in college education: for four years, 2016 until now, we have 
developed general relativity courses for teachers. First, we have tried with a typical 
undergraduate level textbook, for example James Arthur’s book and Einstein’s paper published 
in 1916 and we have tried with The Evolution of Physics by Einstein, written for laymen. This has 
been we think quite successful in teacher education. This might be related to the high familiarity 
of teachers with Einsteinian physics in South Korea. 
 
We are still working on a general relativity course for teachers. Along with this we are working 
on a general relativity textbook developed for teachers. I expect that the Korean textbook for 
teachers will be published this coming season. 
 
Finally, as a further step, we are considering development of the secondary school curriculum 
based on the achievement of these previous steps. Thank you for listening. 
 
Question response: There are many famous and good textbooks on general relativity already, 
but they are good for future physicists not for teachers. A relatively simple book is James 
Arthur’s but even that book many teachers and future teachers have difficulty understanding. 
We just experimented for one semester with that textbook and after that we realised there must 
be guidelines for teachers. The book is translated into Korean. 
 
Gravity Discovery Centre (GDC), Gingin, WA (Jan Devlin) 
 
The Gravity Discovery Centre and Observatory currently deliver 3.5 hour primary and 4 hour 
secondary programs that have a wide-ranging delivery focus based on a variety of needs as 
determined by the school booking. Our primary focus is to showcase Einsteinian Physics, using 
exhibits that demonstrate, in ways that schools wouldn't normally have access to, key areas of 
curriculum outcomes.  As a result, we are not focused on full curriculum outcomes, but we do 
have level-appropriate activities that could be adapted for inclusion into future Einsteinian 
physics curriculum and we are happy to share those.  
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Reflections on Guide Questions: 
 

1. Suggestions for future collaboration.  
 

a) Future areas of curriculum development 
 

In Norway, new national curricula are being constructed in 2019-2020. The general science 
curriculum is already decided on (by the Ministry of Education) and in terms of Einsteinian 
physics content, the most promising area is cosmology for grade 11 (15-16-year-olds). 
The physics curriculum (optional subject) for years 12-13 is in progress, and our Research 
Group is active in the hearing process, giving feedback to the Curriculum Group. We are hoping 
for (and will be fighting for!) GR to still be part of the Physics curriculum. 
 
In WA, the focus on the Einsteinian work has been naturally out of the gravity wave paradigm 
and in the six months I have been involved there is an obvious shift to the quantum side, but I 
am not sure we have got this as clear as the gravity side. We need to be clear on the different 
models at the different levels of schooling. It is the photons, phonons and atoms that are 
important – also the development of VR [virtual reality] resources. We could get a small number 
of, but high quality, VR resources. We have ventured into the massive this morning – if we can 
get some resources to venture into the miniscule that will be great. 
 
Curriculum development: 
Incorporating materials for Einsteinian physics in the existing primary and secondary 
curriculum. We have much to do. 
Addressing misconceptions related to students’ ideas about gravity 
Review articles on GR curricula around the world. 
Do not ignore Newtonian gravity. It’s previous importance and its inability to explain scientific 
phenomena at the cosmology level.  
 

b) Further topics in existing areas: eg. quantum topics, solid state, cosmology 
 

In Norway we are doing work in Quantum physics related to ReleQuant and will look for 
possibilities to continue with this within the frames of the New curricula. Also we are in touch 
with a "European flagship" Project on quantum physics and Quantum Computing that has an 
outreach component concerning Public understanding of Quantum physics. 
Cosmology: We might be interested in translating, adapting and trying out teaching and learning 
activities developed by Einstein-First partners for the cosmology learning goal for our general 
science subject. 

 
Topics: 
• Size and Scale 
• Development of Atomic Models 
• Quantum Perspective 
• VR Resources for Students 
• Cosmology 
• Space Exploration 
• Solar Systems/Galaxies 
• Cosmos 
• Timeline of the Universe 
• Timeline of Aboriginal Culture 
• The Future 
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c) Problems and difficulties in teaching Einsteinian Physics which we need 
to address 

 
• Teacher knowledge and confidence in teaching Einsteinian physics 
• Teacher professional development 
• Interactions between teachers and students 
• Lack of time, resources and activities 
• Abstract concepts, which could be addressed by activities built on good models (the space-

time curve is an important example of this) 
• EPER researchers to do educational assessment 
• Mathematics of EP. If students learn that on a curved surface that a triangle does not have 180 

degrees, when do they learn that on the plane it does have 180 degrees? The youngest 
students I taught were 11 years old and they had problems drawing them. ‘How long is your 
line?’ I asked them. Are these concepts obsolete? 

• How can we teach the historical context because that requires understanding of our Korean 
context. How can we teach procedural knowledge when teaching Einsteinian physics? 

 
d) Activities and strategies 

 
It is so important to have a strategy. In past years, there have been many goals –a bit chaotic. It is 
important to have KPIs [key performance indicators], regular talks, see have we achieved the 
goals, how far away are we from achieving them and what are the next steps we need to take. I 
think this is something that the Einstein-First team in Perth can do, as you are leading this. Have 
a strategy and KPIs each month. Have less meetings and when we have meetings, more focused 
meetings. 
 
Activities: 
• Teacher PD 
• School visits by researchers 
• Film clips, videos, movies that are engaging and entertaining for students 
• Use VR in Einsteinian Physics. Content for visualisations can be in various languages if our 

collaborators can provide translations. 
• Integrate activities as much as needed.   
• Appendix 1 shows the Einstein First project research the GDC uses to base its current delivery 

on.  
• We have to ensure the vertical coherence between units and between approaches. 
• Provide training to pre-service teachers – how to get teachers confident to teach this way. 
 

e) Conceptual clarity or confusion: priority areas to address 
 
Implementation guides for teachers with concepts explained clearly 
Collaborate on topics of SR. I think we have too much focus on GR. 
Look at conceptual areas from the standpoint of assessment – establish the quality of the 
assessment. You need this to get good outcomes. How do you investigate and identify 
progressions when they are likely to depend on what is taught and how it is taught etc? It is 
likely to change over the course of the project. Questions are usually done very badly – there are 
principles for designing them and for analysing the data at the end of it. And lastly, we need to 
have a strategy for statistical analysis of the data, especially longitudinal data.  
 
 

2. What are your expectations from the Einstein-First project? 

There is an expectation that the project includes exemplary teaching and learning. The processes 
around the development of the resources need to include a significant education lens (as well as 
a physics lens) and we need progressive 21C resources. 
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When introducing new, especially difficult, concepts, it is best to give students opportunities to 
explore and interpret the scientific/mathematical ideas in a meaningful/authentic context. 
Students are most likely able to make sense of concepts when they are supported to explore the 
ideas informally within a real context compared to the situation in which students are first 
taught a scientific/mathematics rule out of context and then asked to apply it to a context. This 
type of introduction to ideas supports students to use and apply mathematics/science in many 
contexts, exemplifying STEM behaviours. 
 
In Norway a network of contacts is very important, and also sharing of teaching and learning 
material and of research results concerning students' conceptions, learning processes and 
motivation related to Einsteinian physics.  
 
• Incorporate EF concepts into the regular curriculum such that these can be taught by every 

teacher not just those in the EF project. 
• Possible short textbook for primary, middle (and senior high) school. 
• Physics curriculum updated. 
• A sequence of lessons and activities that teachers can use with their students. 
• Appropriate assessments developed for use by teachers in schools. 
• We need a strategy! 
• Support teachers with everything they need to teach with passion and self-confidence. 
• To be an umbrella of a lot of collaborations between participants. 
• Support financially any translations from English to other languages. 
• We need to do this project extremely well and this is the direction we are taking. 
• The Gravity Discovery Centre and Observatory would like clear recognition and 

recommendation for the support role it will be able to provide as an excursion/incursion 
outreach. The centre will be able to provide extension and support to the future Einsteinian 
physics curriculum.  

 
3. How can the team in Western Australia best contribute to your research goals? 

 
• Circulating a newsletter (like you do) and maintaining an informative web page would help us 

all keep in touch and would be much appreciated. 
• Please formulate KPIs (Key Performance Indicators) and check if we are a good way towards 

meeting them. 
• The team in Western Australia could contribute to my research goals by sharing results, 

sharing professionality (e.g., statistical analysis), collaborate in the same research with 
different countries. 

• The WA Team could have an input to the development of exhibit material for the planned GDC 
main gallery upgrade. They could also conduct curriculum development workshops at the GDC 
& Observatory. This would be partner inclusive and also provide inspiration for understanding 
Einsteinian physics. A workshop with the GDC and Observatory team would be valuable to the 
project as they deliver activities regularly.  

 
4. What are your criteria for the success of the project? 

 
• Formulation of criteria in line with the strategy 
• Incorporation of EF principles in the rewritten Australian curriculum 
• Implementation in WA schools 
 

5. How would you like the WA team to engage with your organisation? 
 
• A visit to each school involved in the project. 
• Demonstrations by researchers of activities relevant to students. 
• Newsletter 
• Regular updates 
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I have experience of a three years' project that has been funded by the EU. My college was a 
partner with an official agreement. So, it could be a good model of engagement. 
We would like to continue to be invited to teacher workshops in particular but also elsewhere it 
might be valuable for us to contribute (GDC). 
Have exchanges of students between our groups as much as possible. We (WA) would be very 
happy to welcome international students and our students would be happy to spend time with 
other groups. 
 
This project is a seven-nation collaboration project so maybe comparative research is very 
valuable, but also to compare curriculum standards from different countries to see the 
differences and to dig up the reason or motivation for this. I would like to ask for your help to 
provide curriculum standards for your country as well as textbooks. So I think this kind of 
research will be very nice for this collaboration project. I think also the differences between our 
different countries for survey results is also interesting. If we have a good questionnaire to use 
to survey children of the same age in different countries and to compare the results, this would 
be useful. We have designed some of these so I would like to get some questionnaires from some 
of you if you would like to do some comparative research. (China). 
 
In China we can try to get students and schools interested in teaching modern Einsteinian 
physics through popularising gravitational wave cosmology. That will be attractive to students 
and schools. I would like to continue to collaborate with UWA as we did the past 10 years. We 
are also working on trying to use worldwide telescopes to make more and more movies to 
explain gravitational waves, black holes and so on, so I would like to collaborate more with UWA 
on this.  
 
People exchange is extremely important for this project. Maybe these seven nations or other 
countries who are interested to join. Of course, I welcome all of you to visit Beijing Normal 
University, China. I would also like to send members of our Chinese working group and students 
to your group to work in collaboration. 
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Appendix 1 
 
OUTCOMES from the 2016 International Workshop at the Gravity Discovery Centre, Perth. 
 
The 2016 International Workshop was attended by a loose gathering of Physics education 
researchers from several countries. The Workshop enabled the researchers to establish a more 
formal International Collaboration and share ideas and research. 
 
During several sessions within the Meeting, Dr Robin Groves steered groups through a process 
enabling a final agreement from the newly formed Collaboration on outcomes for the future. 
These are listed below. By the Meeting at the University of Western Australia in Perth in 
February 2020, most of these outcomes had been achieved. 
 

• Increased sharing / cooperation of work underway. 
• Review the current state of EP around the world – start to collect and structure in the 

Dropbox.  Published papers in Archive 
• Long term – website, then house materials there David and Ruby investigating UWA 
• Email contact list  

- Form/build international network 
• A ‘point team’ in each country - Magdalena, Robin/Elaine, Hong Bin, Zong Hong, 

Ute/Corvin 
• Making presentations available 
• Rationale statement  
• Curriculum for younger ages 
• Video meeting?  Share Scottish materials?  Not urgent: if Scottish materials are available 

we can let people know through Dropbox 
• Next face-to-face meeting in Norway – launch ReleQuant, Autumn 2017.  Only possible. 
• Australian trialling of ReleQuant – Yes, with Norway researchers travel to Perth 
• Building community and political support 
• Funding 
• Preparing curriculum materials/resources? 

- Difficult through research funds 
- What do we need? 
- STAWA – activities booklet, including science, programs 

• Dropbox – for photos 
• Providing activities for GDC – from ReleQuant, and Hildesheim, Germany, 

- Hands-on – strong commitment! 
• Book 

 


