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Welcome Message from the  
Conference Chair and Co-chair

On behalf of the GIREP-ICPE-EPEC-MPTL Eötvös Year 2019 organizing 
committee, we are honoured and delighted to welcome you to our conference 
between 1st and 5th of July 2019. We believe that we have chosen a venue – the 
Budapest University of Technology and Economics – that guarantees a successful 
event amid the culture and beautiful world-heritage scenery of Budapest, Hungary. 

This conference is coinciding with the centenary year of Roland Eötvös 
passing away. Also the UNESCO is associated to commemorate his achievements 
in physics in 2019. Roland Eötvös (1848-1919) was a Hungarian physicist, who 
was not only an outstanding scientist – measuring the strict proportionality of the 
inertial and gravitational masses to a precision unprecedented before –, but was also 
an excellent educator and reformer of the Hungarian science education system.  

We think that the scientific program of the conference is rich and varied. We 
reserved slots for keynote speeches and several parallel sessions enabling to present 
many works about physics education practices and physics education research. The 
posters can be on show during the whole conference. We have also included scientific 
visits into the program, which will give the opportunity to visit sites that would not 
be reachable otherwise. Those visits will help physics educators to gather personal 
impressions about outstanding physics research laboratories or installations whose 
operation is strongly based on achievements of modern physics. These personal 
impressions can be further distributed to thousands of pupils and students during 
lessons in the schools.  

Prof. Dr. Beáta JAROSIEVITZ
Conference Chair

Prof. Dr. Csaba SÜKÖSD 
Conference Co-Chair
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The conference dinner (for some extra cost) will be on a boat on the Danube 
river, connected with a cruise enabling to admire the beautiful, world-heritage 
panorama of the illuminated Budapest. 

As a conference chair and co-chair we know that the success of the conference 
depends ultimately on the participants, but also on the many people who work with 
us in planning and organizing both the scientific program and the supporting social 
arrangements. In particular, we thank the Scientific Advisory Board for their wise 
advice and brilliant suggestions on organizing the scientific program; the reviewers 
for their thorough and timely reviewing of the abstracts and the papers, and our 
sponsors who have helped us to keep down the costs for all participants. Recognition 
should go to the Local Organizing Committee members too, who have all worked 
– and are still working – extremely hard for the details of important aspects of the 
conference. 

Prof. Dr. Beáta JAROSIEVITZ
Conference Chair

Prof. Dr. Csaba SÜKÖSD 
Conference Co-Chair
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Welcome Message from the Rector of Budapest 
University of Technology and Economics

Being the Rector of the Budapest University of 
Technology and Economics, I cordially welcome 
you in our university. It is an honour for us to host 
this important international conference about 
physics education, which gathers professionals 
from all around the World; from Brazil to 
Japan and from Norway to South Africa. I am 
amazed to see how many international societies 
are co-organizing it, all dealing with different 
aspects of Physics Education. It is also an 
important coincidence that this conference is 
organized here in Hungary this year, when we 
commemorate Roland Eötvös achievements 
and remember him on the 100th anniversary of 
his passing away.

Our university, the Budapest University of Technology and Economics is 
more than 230 years old, it was founded in 1782 under the name of Institutum 
Geometrico-Hydrotechnicum. It has always been among the top higher education 
institutions in Hungary and it also has well-established international reputation.

The eight faculties of the University have their individual characteristics 
but they all aim at outstanding educational results. The faculties cover such wide 
scientific areas that are well enough to understand and study within the time 
frames of the courses. The qualified professionals have strong technological and 
scientific base knowledge and economical skills and are also able to apply structural 
approaches to various processes.

Finally, I hope that you will enjoy your staying here in Hungary in general, 
and in our university in particular. I wish you a very successful 5-day conference. 

Budapest, 1 July 2019. 
Prof. Dr. János Józsa

Rector
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Welcome message of GIREP President 

I cannot hide the emotion in welcoming you in 
Budapest for the Conference organized by GIREP in 
cooperation with the European Physical Society (EPS), 
the International Commission on Physics Education 
(ICPE) of the International Union of Pure and Applied 
Physics (IUPAP) and Multimedia Physics Teaching and 
Learning (MPTL). 

At the 53th GIREP Anniversary I am honoured 
to be here in this wonderful city, considered to be one 
of the bests in EU, one of the sites that had greatly 
contributed to forming GIREP’s identity with its high-
quality contributions to Physics Education from research 
perspective.

This conference is appreciated by colleagues from all over the world, as the 
number of 336 submitted contributions shows. A double blind peer review process 
selected 39 contributions for 10 Symposia, 11 Workshops, 174 oral presentations and 
76 poster presentations.  This will be an event rich with scientific contents, allowing 
us to learn from each-other and exchange results of studies and competences. During 
the Conference there are many initiatives and valuable contributions presented: the 
abstracts booklet allows us to appreciate their value.

Here we launch a new initiative: the creation of a GIREP Community on 
Teaching/Learning Quantum Physics, which wants to produce a document and a 
book after the Discussion Workshop described in the abstract booklet. 

When I see so many participants and contributors who come together here in 
Hungary from so many countries to work for this Conference and offering so good 
contributions, I have to thank those, who initiated this movement and created the 
first international physics teachers–researchers community by organizing the first 
GIREP activities and by leading GIREP as presidents and Committee members.

Budapest is a special place. The place where George Marx lived, taught and 
did his research work. On behalf of GIREP let me make a special tribute to this great 
colleague, who was president of the GIREP and who – together with a great teacher, 
Eszter Tóth – has organized 12 international conferences in Hungary, which made 
contributions that founded new lines of content research for physics education. I 
want to remember all these conferences, because they have greatly contributed to 
the growth of the GIREP community in collaboration with many different bodies.

1975 Atoms in the School (1st Danube Seminar in Vienna, 2nd Danube Seminar 
in Visegrád, Hungary)

1976 Momentum in the School (3rd Danube Seminar in Visegrád, Hungary)
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1979 Structure of Matter in the School (4th Danube Seminar in Fonyód, 
Hungary)

1980 Finnish – Hungarian Teacher Meeting (Teacher Seminar in Budapest, 
Hungary)

1981 Nuclear Physics – Nuclear Power (GIREP’81 Conference in Balatonfüred, 
Hungary)

1984 Entropy in the School (5th Danube Seminar, Balatongyörök, Hungary)
1985 Microscience (UNESCO Workshop in Balatonalmádi, Hungary)
1988 Teaching Non-Linear Phenomena (UNESCO-ICPE Workshop in Csopak, 

Hungary)
1989 Energy Alternatives–Risk Education (UNESCO–GIREP–ICPE Confe-

rence in Balatonfüred, Hungary)
1992 Ikiiki-wakuwaku – Japanese and Hungarian teacher meeting (in 

Jászberény, Hungary)
1994 Rio Followup – International science education meeting on environmental 

issues (in Eger, Hungary)
1997 Creativity in Physics Education (UNESCO, IUPAP, ICPE Conference in 

Sopron, Hungary)

The basic idea of these conferences was to introduce modern physics to high school 
students: Statistical Mechanics, Quantum Physics, Nuclear Physics, and the History 
of the Universe. 

From 1992 to 1995 George Marx was GIREP president and Eszter Tóth was 
GIREP secretary. They promoted many activities and those kind of cooperation 
between different bodies that we are promoting also now. GIREP came to Budapest 
for the Conference on Energy Alternatives held in 1989. I get really excited at the 
thought of how much George Marx and Eszter Tóth knew how to anticipate such 
important topics as modern physics in school, energy and the environment and 
sustainability.

Now let me express some personal thoughts and memories… My work 
in Physics Education Research began during George Marx years and my first 
contribution at international level in physics education was here, in Budapest, at 
the 1979 Conference on School Quantum Physics. George Marx wanted to translate 
it into Hungarian. Recently I returned to Budapest, was invited to help rebuilding 
the educational research group of the Physics Department in the Eötvös University 
of Budapest. This collaboration, as well as the participation of Beáta Jarosievitz 
and Csaba Sükösd in Krakow Seminar for 50th GIREP anniversary has laid to the 
foundations of this conference.

I would like to thank first all those who made that possible. Tamás Tél who 
coordinates the PhD course in Physics Education, Beáta Jarosievitz and Csaba 
Sükösd who organized the conference with great rigor and precision, exceeding 
any best experience lived so far. The GIREP Committee, who had a meeting every 
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month, and shared ideas about every problem and found solutions with the serenity 
that characterizes a family. None of the less I would like to thank the Presidents of 
the cooperating bodies co-organizing this conference: Ton Ellermeijer, President 
of MPTL, Roberto Nardi, President of ICPE and David Sands, chair of EPS-
PED. Many thank goes also to the national and local authorities who supported 
the organization of the Conference and in particular the Hungarian Academy of 
Sciences and the host Budapest University of Technology and Economics.

Let me now speak a little bit about GIREP. In the past 53 years 1800 physics 
education researchers, teachers and other specialists of 75 countries shared their 
common problems, studies, results and experiences in GIREP initiatives. Out of 
teachers scattered in faraway schools, colleges and universities, GIREP created a 
community.

GIREP is an international membership organisation founded in 1966, open 
to academics, teachers, curriculum developers and all other stakeholders with the 
concern to improve physics teaching and learning by means of Physics Education 
Research, Innovative Experimentation in Physics Teaching/Learning, Innovative 
Materials and Methods, Suggestions for Stakeholders, International Cooperation in 
Conferences, Seminars, Selected Paper Books.

We put attention to research and teaching together from primary to university 
levels, because we believe that 

• The quality of teaching is determined by a mutual fertilization of research
and praxis;

• Teacher education and teacher professional development need a connection
with Physics Education Research and we experiment that this is not
extensively done in the different countries;

• Continuity in vertical  and in transversal perspective is very important;
• A large society engagement is needed to promote

• Scientific learning
• Policies for teacher education and quality in Teaching/Learning.

Why focus on contents? Our reflections are:
• Learning is content specific;
• Subject matter and pedagogy are not enough for teacher professional

development:  we require Didactic on subject matter for the Pedagogical
Content Knowledge – PCK.

Our goals are: Improving practice by means of research, Promote content structure 
research, Explore teaching / Learning processes for new topics, Explore Conceptual 
learning and Lab work, Explore methods, strategies  & Tools role in learning.

Different kinds of research lines are active in GIREP: Research based 
Teaching – learning paths, Design Based Research, Tools’ role in learning, 
Curricular research, Research and Development, Conceptual profile, 
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Developing formal thinking, Learning progression, Teacher Education: pre-
service and in-service or professional development.
There are many GIREP initiatives and activities:  
1) GIREP Conferences. From 1967 to 2019 GIREP organized 35 international 

Conferences in cooperation with EPS, ICPE, MPTL, Unesco, GIREP
Seminars;

2) WORLD Conference in Physics Education: invented by Ton Ellermeijer.
In 2012 the 1st GIREP+ICPE+MPTL Conference (1st WCPE) was
organized in Istanbul (by Fatih Tasar) with important help of Dean
Zollman. Proceedings are 1000 pages of selected papers. The 2nd WCPE
is just finished in Sao Paolo with a great success (organized by Mauricio
Pietrocola). The 3rd WCPE will be in Hanoi in 2020;

3) GIREP Seminar for Teachers: they are invented by Wim Peeters, and are
organized in the last years around the GIREP Conferences: the day before,
during Conference or at the end, asking the contribution of participants
to the Conferences. We have in mind to organize a special full week for
Teachers in Malta for the GIREP Seminar in November 2020.

4) GIREP web site. Gorazd Planinsic, who already left GIREP Committee,
designed us a nice web site. Leos Dvorak and Jan Kouplin expanded and
maintained the web site, giving it the actual look, very rich in information,
although not too modern http://www.girep.org/

5) GIREP Newsletter. The first Newsletter appeared in 1974 for initiative of
Maria Ferretti and Arturo Loria. At the beginning it was appearing once a
year, now it appears twice a year. One can reconstruct GIREP story using
the Newsletters from the website. GIREP Newsletter was renewed in the
actual form in 2010 by Claudia Haagen-Schützenhöfer. Now it is edited by
Dagmara Sokolowska.

6) GIREP Books. The 30 GIREP Books produced till 2016 are available in
GIREP web site thank to Mojca Cepic, who helped a lot in collecting
and scanning books. The new editorial policy of GIREP is to produce a
selected paper book every year with Springer. The contributions in these
books are peer reviewed and ISI, Scopus indexed. The papers in the IOP
proceedings are also peer reviewed and ISI, Web of Science indexed. Two
specific agreements were signed for this scope.

7) GIREP Country representatives: 60 different Countries have a
representative who take part at the GIREP Conferences and work for local
GIREP activities.

8) GIREP Thematic Groups (GTG) are important scientific activities in
GIREP, qualifying the work. The goals and activities of each GTG are
described in GIREP website.

http://www.girep.org/
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9) GIREP Collaboration with many organizations started in a systematic way
in 2013. The actual cooperation based on a signed agreement are with the
followings:
• American Association of Physics Teachers (AAPT)
• American Physical Society (APS)
• Conferencias Inter-Americanas sobre Educación en Física (CIAEF)
• European Physics Society – Physics Education Division (EPS – PED)
• Inter-American Conference on Physics Education (IACPE)
• International Society of Educational Research (iSER)
• Multimedia in Physics Teaching and Learning (MPTL)
• Latin-American Physics Education Network (LAPEN)
• the International Association of Physics Students (IAPS)
• The Physics Education Society Japan (PESJ)
• DS Kothari Centre for research and Innovation in Science Education,

Miranda House, University of Delhi, India
• Further cooperation without a signed agreement are with:
• European Science Education Research Association (ESERA)
• International Conference on Physics Education (ICPE)

Concrete regular cooperation are: Joint Congresses with MPTL every even 
year, with EPS-PED every odd year, WCPE every four year. In order to 
avoid overlapping we promote a coordination in activities. We exchange 
information and materials by means of Newsletters and posters during the 
conferences. We promote grant initiatives for teachers participating in the 
EPS-PED WS. We discuss with all partners involved to decide about the 
keynote speakers in the events. We have also agreed in a mutual reduced 
fee with APS, AAPT.

10) GIREP Medal. In 2003 the first GIREP medal was given to Arturo Loria. We
continued this initiative by giving GIREP medal to Jon Ogborn in Palermo
(2014), to Lillian Mc Dermott in Wroclaw (2015), to Laurence Viennot in
Sao Paolo (2016), and to Gorazd Planinzic in San Sebastian (2018).

11) GIREP Prize to the best contribution by young researcher in GIREP
Conferences

In the last 5 years the GIREP Committee worked hard for a better organization: it has 
formulated a Statute, so that GIREP could become a legal organization. This enabled 
GIREP to have an own account, to collect fees by credit cards, to participate in EU 
Projects as full partner, and to have a transparent identity from all points of view. 
GIREP has been successfully registered as an international non-profit organization 
GIREP vzw in Belgium on the 2nd of January 2016. Therefore in its 50th anniversary 
year we celebrated a kind of rebirth of GIREP. Starting from 2016, GIREP membership 
can be paid in two easy ways: by bank transfer or PayPal account. There is another 
promoted change: we may have Election Procedure on line.
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GIREP Committee is a family of friends working together with monthly 
meeting: initiatives and cooperation is the base of our work.

We put this spirit in all of our activities and especially in the conferences, 
which are more and more important and useful for us. Thank you for sharing this 
approach and for having enriched this Budapest conference with your contributions. 
I wish you all a good, successful and profitable stay during this conference. I thank 
all those who want to give us suggestions, advice and support.

Marisa Michelini 
           President of GIREP
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NEW INITIATIVE 
GIREP COMMUNITY ON TEACHING/

LEARNING QUANTUM PHYSICS

GIREP is working on improving even more the quality of Teaching and Learning Physics 
with different initiatives with the goal to support the production of research results, 
studies and in general teaching proposals based on Physics Education Research (PER). 
Contributing to this goal are the excellent Conferences and Seminars organized 
more and more in collaboration with other bodies, the very active and qualified 
GTGs (GIREP Thematic Groups) instituted in the last years and the contracts with 
the Springer and IOP for Scopus / Web of Science indexed ISI books of selected 
papers.

Content research, design based research and integration of research with 
practice is characterizing the GIREP members and sympathizers.

Teaching / Learning modern and contemporary physics is the main topic of the 
Budapest Conference in July 2019. GIREP have the dream to contribute in creating 
a community on Teaching / Learning Quantum Physics, starting from Budapest 
Conference. 

We believe that the first step is the identification of those who have worked in 
this field and are avalable for discussions on that topic.

We have sent a letter on 25 January 2019 inviting interested colleagues to fill 
in a FORM to express their specific interest in working on this field.

We received 45 applications including references and very intersting 
suggestions.

In the meantime the European Quantum Flagship Group (EQFG) organized 
a meeting in Grenoble, where a session was devoted to Quantum Education. This 
is to thank Oxana Mishina who pressed EQFG for that goal and created a little 
scientific Board for that scope, composed by Rainer Mueller, me and herself. The 
Girep Community on Teaching Quantum Physics includes this scientific board, so 
the connection between GIREP and EQFG-Physics Education is born.

In Budapest Conference three Symposia (S5, S7, S8) are focused on modern 
physics Teaching/Learning, on the role of math in quantum physics and on Teaching 
/ Learning Quantum Physics. Beside them several different contributions in oral or 
poster presentations are showing results in this field. Symposia and contributions 
will play the role of introduction to the discussions of GIREP Community on 
Teaching /Learning Quantum Physics.

Much thank should go to the colleagues sending contributions, suggestions 
and accepting to help as volunteers.
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As promised, we organize in continuity with S8 on Tuesday (2nd July) time 
16:30-18:00 a “Discussion Workshop (DW)” with the following goals:

1) Build a working community that will have the continuity of a GTG or
similar structure;

2) Draw up a scientific position paper on T/L Quantum Physics that serves
to guide projects and teaching activities on these topics, also for EQFG-
Physics Education.

3) Prepare a book of selected papers on PER for T/L Quantum Physics in
secondary school.

The 90 minutes’ session of the DW will be organized as follows
• Introduction (10 min)
• Group work on the same aspects in 5 approaches (30 min)
• Presentation of the discussions in groups (5 min x 6 groups)
• Plenary discussion and conclusions (20 min)

Appendix 1 here contains the suggested questions to treat in each approach 
considered. Sergej Faletic, Marco Giliberti, Alberto Stefanel and me worked to 
prepare this proposal. 
Please consider to prepare your contribution to the discussion group in advance to 
facilitate the discussion during the meeting.
To collect your answers and comments, we have prepared a FORM at the following 
page https://bit.ly/2GojhYy
Please let us know (marisa.michelini@uniud.it) about the participation/interest in 
the Community work and in the Discussion Workshop (DW) in Budapest.

Thank you in advance for your cooperation.

Best wishes

Marisa Michelini

Appendices: 
Appendix 1: Proposal for the GIREP Discussion Workshop (DW) T/L Quantum 

Physics (Tuesday, 2 July 16:30-18:00  Room: Kf51)
Appendix 2: The founding members of Girep Community on Teaching/Learning 

Quantum Physics 

https://bit.ly/2GojhYy
mailto:marisa.michelini@uniud.it
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APPENDIX 1

Proposal for the GIREP Discussion  
Workshop T/L Quantum Physics

(Sergej Fatelic, Marco Giliberti, Marisa Michelini, Alberto Stefanel)

Goals of the discussion Workshop
To write a position paper to submit to GIREP Assembly on QM T/L in high schools 
and non-physics major courses at University level (mathematics, engineering, bio-
area, informatics).

All groups should discuss the topics listed in point 2 within the framework of 
a specific approach in list 1:

1. Approaches: each group will select one of the following approaches:
1.1. Two states (polarization, spin, double wells, …)
1.2. Wave function and/or Matter-wave
1.3. Historical
1.4. Quantum field theory (QFT)
1.5. Feynman path integral

2. How should each of the following topics be taught within the approach selected?
2.1. Properties/eigenvalues
2.2. Probability
2.3. States
2.4. Superposition
2.5. Trajectory/Which way
2.6. Duality
2.7. Uncertainty relations/incompatibility
2.8. Schrödinger equation
2.9. Entanglement 
2.10. Non-locality
2.11. Teleportation
2.12. Q computing
2.13. Should we do formalism or not?

2.13.1. Which formalism to choose (Hilbert space, wave function, 
matrix)?

2.14. Interpretations (Copenhagen, Bohm, Dirac, …)
2.15. Should history be included or can we teach only the content?
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2.15.1. Which history should be included?
2.16. Contexts (polarization, spin, potential wells) 
2.17. Applications (laser, LED, semiconductors, …)
2.18. Modularity in a coherent approach: 

2.18.1. Can the course be split in modules on different topics so that 
the teacher can choose only one module in a limited amount of 
time?

2.18.2. Can the same approach be used for all modules and how?

3. HOW TO TEACH
3.1. How to motivate students to QM?
3.2. How much time should be allocated in total to QM?
3.3. Adopt a single approach and interpretation or more, and motivations 
3.4. Should we emphasize contrast or the similarity with classical physics 

(CPh)?
3.5. Formalism and interplay with math

3.5.1. Should we use math formalism and how in depth?
3.5.2. Should math be presented as having a conceptual role?
3.5.3. What math do teachers know? What can they use to teach QM?
3.5.4. Which formalism to choose? Dirac, wave function, multiple?
3.5.5. Teach additional math to the students (matrices, algebra)?

3.6. Which experiments can be done?
3.7. How to include experiences, applications?
3.8. Assessment

3.8.1. What type of assessment to use? Produce a universal 
questionnaire?

3.8.2. What problems to use?

MODULES: hypothesis of modules for internal discussion:

A. Measurement, probability, states, properties, superposition, collapse, 
[incompatibility]

B. Wave description, non-locality, collapse, superposition, motion, 
incompatibility, trajectory

C. Potential barriers, transmission, reflection, tunnelling, motion
D. Entanglement, non-locality, teleportation, include quantum technology 

and the so called QM 2.0: quantum computing?
E. QFT: what topics can be treated from a unified QFT point of view and 

how?
F. Interpretations, history, philosophy; specifically what is the added 

value of studying these?
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The following very important aspects will be discussed in next GIREP Community 
meeting (Malta November 2020):

4. TEACHER PREPARATION
4.1. Who teaches physics at the target levels? Can we reach them? What do 

they know?
4.2. Can we provide in-service training?
4.3. Ask teachers what they would need.

5. RESOURCES
5.1. QPER data
5.2. Didactical resources for teachers and students
5.3. Experiments
5.4. Simulations
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APPENDIX 2

The founding members  
of GIREP Community on Teaching/Learning 

Quantum Physics initiated by GIREP’s President 
Marisa Michelini 25 January 2019

Surname Name Affiliation

Alberto Ruiz Jimeno Univ. of Cantabria - Spain
Andreas Müller University of Geneva - Switzerland
Andreotti Erica UC Leuven - Belgium
Arribas Enrique University of Castilla-Spain
Bodensiek Oliver TU Braunschweig - Germany
Bondani Maria CNR - IFN- Como - Italy

Buisman Henk Huygens Laboratory Leiden - The 
Netherlands

Bungum Berit The Norwegian University - Trondheim - 
Norway

Carlsmith Duncan University Ave - Madison USA
Colletti Leonardo Liceo „G. Carducci”-  Bolzano - Italy
Didiş Körhasan Nilüfer Zonguldak Bülent Ecevit University - Turky
Dür Wolfgang Universität Innsbruck - Austria
Faletic Sergej University of Ljubljana - Slovenia 
Fazio Claudio University of Palermo, Italy
Frans Renaat UC Leuven-Limburg - Belgium
Giliberti Marco University of Milan - Itlay
Girtu Mihai Ovidius University of Constanta - Romania
Gkiolmas Aristotelis University of Athens - Greece
Hans Peter Dreyer University of Zurich - Switzerland
Henriksen Ellen Karoline University of Oslo - Norway
Ishak Mohd Zaki University Malaysia Sabah - Malaysia
Ispal Azlinah University Malaysia Sabah - Malaysia

Jurčić Leon Privatna klasična gimnazija - Zagreb - 
Croatia
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Surname Name Affiliation

Koupilová Zdeňka Charles University - Prague - Czech 
Republic

Krijtenburg-
Lewerissa Kim University of Twente - The Netherlands.

Malgieri Massimiliano Università di Pavia- Italy
Malte Ubben IDP Münster - Germany
Merzel Avraham The Hebrew University - Israel
Michelini Marisa University of Udine - Italy

Mishina Oxana Technische Universität Braunschweig - 
Germany

Monti Francesca University of Verona - Italy
Mueller Rainer TU Braunschweig - Germany
Onotato Pasquale University of Trento - Italy
Organtini Giovanni Sapienza Università di Roma - Italy
Pisano Raffaele Lille University, France
Planinšič Gorazd University of Ljubljana, Slovenia
Raffaele Pisano Univ. Of Marseille - France 
Ravaioli Giovanni Bologna - Italy

Sadaghiani Homeyra California State Polytechnic University 
Pomona, USA

Santi Lorenzo University of Udine - Italy
Skordoulis Constantine University of Athens, Greece
Stadermann Kirsten University of Groningen, The Netherlands
Stefanel Alberto University of Udine - Italy
Stoumpa Artemisia University of Athens, Greece.
van den Berg Ed University of Twente, The Netherlands

Vokos Stamatis California Polytechnic State University, - 
USA

Zollman Dean Kansas State University, USA
Zuccarini Giacomo University of Udine - Italy

The first meeting of this Community occurs during the GIREP-ICPE-EPEC-MPTL 
2019 CONFERENCE in Budapest (Hungary), 1-5 July 2019.  
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Information for speakers

Instruction for speakers
All speakers are asked to bring their presentation on a memory stick, we will 
provide a presentation laptop in the room. The laptops will have the English version 
of Windows10TM operating system, with MicrosoftTm  Office2016. The last version 
of AdobeTm Acrobat Reader and the VLC player will also be installed. 

Please load and quickly test all presentations early in the morning, or during 
coffee/lunch breaks, before sessions begin – this is to ensure that if there are any 
difficulties, there is time for the technicians to fix the issues before sessions begin. 
Should you have any difficulties in the meeting rooms, please report this to the 
volunteer teacher managing your room (wearing a different badge and a T-shirt) 
who will assist you to solve the problem. 

In order to ensure the smooth running of the sessions, speakers are asked to 
respect their time limits. 

Each chairperson will monitor your presentation’s timekeeping and notify you 
as your time limit is approaching. Should you run over your allocated time, you will 
be asked to move immediately to your final slide out of courtesy to the next speaker. 

All speakers must be in their session room at least 10 minutes before the start 
of session and identify yourself to the chairperson, and to the volunteer teacher 
managing your room.

Symposia 
Each symposium will be organized by a Chairperson and will contain maximum four 
(4) presentations concerning a common topic of interest. Each symposium session 
will be given a 90-minute block of time in the programme: 15 minutes for each 
presentation and 30 minutes allocated for discussions. There is also a discussant 
colleague who helps to start the discussion. 

Workshops
Workshops enable presenters to display, explain and familiarize users with an 
innovative approach, a teaching or research tool, or some other aspect of research 
or teaching practice. Learning-by-doing should occupy most of the session, and any 
presentation should be brief. Workshops are scheduled in blocks of 90 minutes.

Oral Presentations
Oral presentations are 15 minutes long, followed by a 5-7 minutes discussion 
moderated by the session chairperson. Each accepted oral contribution will be 
scheduled into a session of 90 minutes with four (sometimes five) individual 
presentations.
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Posters
Posters will be displayed in the first floor of building K, around the wide corridor. 
All accepted posters can be placed before the opening ceremony on 1st of July, and 
can be taken off on the 5th of July after the closing ceremony. All posters can be 
visited during the whole week. Each presenter can explain his/her work during 
the poster sessions, and in all other breaks or free times. The poster size is A0 (84,1 
x 118,9 cm) in “portrait” format. Only portrait format posters can be displayed. 
Posters will be put on both sides on the poster stands. Each participant is invited to 
place his/her poster finding the corresponding panel number. 

Technical condition
All rooms will be equipped with a projector and a laptop prepared for presentations 
(MS Windows10-English, MS Office 2016; Adobe Acrobat Reader and VLC player 
will be available). Each presenter should prepare her/his slides presentation in 
advance. 

Accepted file formats should be the following: “pdf”; “ppt”; “pptx”; “pps”; 
“ppsx”. 

All presentations of a session should be uploaded into the laptop in the session 
room, during the break (or morning) before the session starts. There will be local 
teachers/students in every room who can assist you in this task. If you wish, your 
own laptop can also be used; however, the organizers cannot ensure that connecting 
cables will be available to every type of computer, and that every type of computer 
will work correctly with the projector in the room. For other special technical 
requirements please contact the conference organizers in advance of your arrival.
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General Information

Venue
The GIREP-ICPE-EPEC-MPTL 2019 CONFERENCE will take place at 
Budapest University of Technology and Economics, Hungary (BME) from 1st 
July – 5th July 2019. All conference sessions will take place in building K.
Address: Műegyetem rkp. 3. (building K), 1111 Budapest, Hungary 

Registration and Information Desk
All attendees, organisers, volunteer teachers, students must be registered and are 
required to wear their official conference badge at all times. Reserved Conference 
Dinner Tickets (Gala dinner) will be given at the same time as the conference badge. 

The registration desk is located in the ground floor foyer of building K.

Registration Desk Opening Times:
08:00 – 18:00 Monday
08:00 – 16:00 Tuesday
08:00 – 14:00 Wednesday
08:00 – 15:00 Thursday
08:00 – 15:00 Friday
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Catering
All conference catering (lunch, coffee breaks, welcome reception) will take place 
in the main Aula of building K. 

Emergency Contact Details
During the meeting, in case of emergency of any kind, please contact Beata 
JAROSIEVITZ (phone number you can find in your conference package). 

If you require medical services while resident in your hotel/accommodation, 
please contact your hotel/accommodation reception who will be able to arrange a 
doctor on call. 

The Fire/Ambulance and Emergency Number in Hungary is: 112 (http://
www.112.hu/en/112_in_the_EU). 

Official Language
The official language of the conference is English.

Parking
All visitors are advised to use a free car park in front of the University building 
K (along the Danube). If there are no more free places in the car park (which 
happens quite often), you will find several little streets around the university; but 
in these streets parking might not be free anymore, and only 2 hours can be paid. 
Unfortunately in this area there is no multi-storey car park. 

Smoking
Smoking is not permitted in Hungary in any public building, and there is no smoking 
allowed in any of the meeting rooms or public spaces. There are designated smoking 
areas outside the building. Delegates are requested not to litter in these areas. 

WIFI
During the conference there will be dedicated Wi-Fi with Internet access in the 
building K. The access data are the following:

SSID: BME-K 
Username: girep2019 
Password: ied4ahphahgh

Eduroam access will also be available for those conference participants who already 
have Eduroam user ID from their home institution. 
See: https://net.bme.hu/wlan/eduroam-guest.php?lang=en 

http://www.112.hu/en/112_in_the_EU
http://www.112.hu/en/112_in_the_EU
https://net.bme.hu/wlan/eduroam-guest.php?lang=en
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GUIDE@HAND

The eLearning Department of MTA SZTAKI started mobile-based software 
development in 2005. As a result of this activity, a new mobile application family 
was created with the brand name of GUIDE@HAND. The first such mobile 
application served for tourist purposes and was granted with several prizes in 
Hungary and abroad. Thanks to the dynamic development, there were 22 self-
standing touristic applications created during the past 8 years. These applications, 
covering 7 countries, contain more than 360 interactive packages. Our methodology 
and tools enable the use of the packages for multiple purposes, including various 
areas of tourism, education, museum pedagogy, settlement history, etc. Not only 
tourists may feel like at home in a strange town or region but local people are also 
provided with an unforgettable experience, as well!

Main services
The GUIDE@HAND application family consists of multilingual applications 
running on smart phones and tablets whose most relevant services are as follows:

• availability on the most widely used mobile platforms (iOS and Android),
• the contents and information provided by the system can be downloaded in

advance, therefore, the visitors do not have to pay for the Internet,
• recommending news, events and public information,
• displaying useful places (e.g. restaurants, local service providers, pharmacies

etc.) on the map,
• usage of offline or online interactive maps and GPS (outdoors),
• multilingual, thematic guided audio walks in a city or in the nature,
• possibility of standalone discovery of attractions,
• interactive presentation of sights by using panorama pictures,
• offline tour guide using thematic databases (walking, cycling, etc.),
• sharing experiences on mobiles and presenting them on the Web,
• multilingual Web portal with the functions as follows:
• preparation, editing and publishing contents,
• collecting and classifying usage data,
• prior presentation of content, direct application download and support for

community functions.
• integration with external databases (e.g., tourism, festival databases).
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The GUIDE@HAND application 
family main results

GUIDE@HAND Miskolc mobile application is the tourism application of the 
year in 2015

GUIDE@HAND Tata mobile application – 2015 efestival – „Excellent city 
marketing application” award.

The multiplatform package called “Attila József in Ferencváros” has been 
awarded the special prize “For widespread use” in the category „Best Practice 
eLearning Quality Product 2017”, at the 18th eLearning Forum conference.

The Multiplatform-based Content Development, Management and Presentation 
Method applied in the GUIDE@HAND application family were selected into the 
publication “The Top 100 most interesting Hungarian innovations” in 2018.
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GUIDE@HAND Budapest
EXPLORE
BUDAPEST

           For more details:

           https://girep2019.hu
        https://www.guideathand.com

INSTALL GUIDE@HAND Budapest application
to your mobile device

Answers to these questions and a lot more you find
in GUIDE@HAND Budapest.

EVENTS function to Discover the Budapest

DOWNLOAD and START the
available walks in GUIDE@HAND Budapest

 what is the Millennium Underground Railway famous for?
   where can the Temple of Knowledge be found?
       who is the inventor of the ballpoint pen?
  where can the Hungarian Champs Elysee be found?
               what is the legend of the Chain Bridge?

Do you know

Hit the “Walk” tab and select a walk
(e.g. “Quick Taste of the Inner City”).
You can use the „Download” button below the description...

Use the Events function within “Explore” tab
to get information on interesting programs in
Budapest.
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EVENT@HAND GIREP 2019

EVENT@HAND GIREP 2019
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Scientific visits

The scientific visits are included in the programme
Date: 03/07/2019, Wednesday. Time: from 13:30 

Buses are leaving for the visits at 13:30 (university garden)

Only the previously registered participants can join these visits. Delegates are 
leaving for visits, from the university garden. All buses will be parked in the 
university garden. Only VISIT 3 does not require transportation (this visit is on site, 
in 200-300 m walking distance). 
The following scientific visits are available for earlier registered participants: 

• Visit 1: Paks Nuclear Power Plant (about 120 km South from Budapest, bus
transport will be provided)

• Visit 2: Wigner Research Centre for Physics & Center for Energy Research
(these 2 scientific laboratories are in the Buda hills, a few km from the 
university. Bus transport will be provided)

• Visit 3: Institute of Nuclear Techniques of BME & Institute for Computer
Science and Control (these 2 research institutes are in walking distance; 
200-300 m from the K-building of BME)

• Visit 4: ELI-ALPS Research Institute (this is an international, high-power,
short-pulse laser research institution, initiative of the European 
Union. It is about 170 km South from Budapest. Bus transport will be 
provided.)

• Visit 5: Low and Medium level Radioactive Waste Management Site (it is
about 200 km South from Budapest. Bus transport will be provided.)

Social Events

Welcome Reception 
The welcome reception is included in the programme
Date: 01/07/2019, Monday. Time: 19:00 – 21:00

Location: Aula, building K
We are pleased to invite you to our welcome reception in the Aula, building K. 

All registered delegates can enjoy the welcome reception.
Besides the greeting talks there will also be a short cultural program in the 

welcome reception. It consists of a short (15 minutes) theatre performance on 
Physics, prepared especially for this event. The performance was written and directed 
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by a physics teacher and performed by her students. The title of the presented play is 
Atomic Life Picture (Script and director: Dr. Éva Kirsch, physics teacher).

Delegates will also enjoy a singing performance of a physics teacher (opera 
singer). 

Snack food and drinks will be served. 
Dress Code: Smart Casual

Conference Dinner 
(not included in the conference fee. Only for those who got registered and paid 
for this event)
Date: 04/07/2019, Thursday. Time: 19:00 – 22:00

Conference dinner location:
Boat “Europe” will wait for us at the pier just in front of the university main building 
(building K). Group of delegates can leave from the university alone or together, 
accompanied by local teachers. Leaving time: 18:45. 

Boarding starts at 18:50.  All delegates should arrive to the boat “Europe” on 
time, by 19:00 the latest. The boat leaves the pier at 19:15 (if you arrive later, you 
will miss it!).

Dress Code: Smart Casual
The boat arrives back there and the conference dinner ends by 22:00. 
GPS coordinates of the pier: 47°28’54” N; 19°3’24” E
See the photos below 

The conference dinner is connected to a cruise on the river Danube, where you 
can enjoy the spectacular view and a delicious dinner. During the cruise the boat 
will pass by the most important sights of the city such as Parliament, Buda Castle, 
Vigadó, National Theatre and of course the beautiful bridges. The ship will cruise 
for two hours on the Danube and then it will stop at its pier for another hour. 
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Optional cultural excursions

Optional cultural visits are included in the programme
Date: 05/07/2019 Friday afternoon (extra cost required)

Important information:
Please note that there is a registration deadline for these tours: 14th June 2019
Minimum number of participants to operate these tours: 15 persons. Please 

note that below this number the programme will not be organised.
Pickup point for all visits: Budapest University of Technology and Economics 

– in front of K building

Excursion #1
Classical City Tour

• Partly by coach partly by
foot

• Major sights: Citadel (best
photo point), Medieval Buda
Castle with Fishermen’
Bastion and Matthias
Church, Heroes Square,
Opera House, Parliament,
St. Stephen Basilica

Duration: 3 hours
Admission: € 25,- / person 
(inclusive of transportation 
and English-speaking guide 
assistance)

Date: 5th July 2018 – 14:15

Excursion #2
On Sissi’s steps - Tour  

to the Castle in Gödöllő

• Gödöllő is located ~30 km
from Budapest

• The 250-year-old Baroque
royal palace was the summer
residence of Sissi and Franz
Joseph (king of Hungary,
emperor of the Austro-
Hungarian Monarchy)

Duration: 5 hours
Admission: € 54,- / person 
(inclusive of transportation, 
English-speaking guide 
assistance, entrance fee and 
one coffee and cake)

Date: 5th July 2018 – 14:00

Excursion #3
The treasures of the  

Danube Bend – Tour to 
Visegrád and Szentendre

• Tour to Visegrád and
Szentendre

• Visit of the ruins of the palace
of King Matthias

• Wonderful panorama from the
palace

• Szentendre is a charming city,
its history is going back to the
prehistoric ages, the city has
got an active cultural life

Duration: 5,5-6 hours
Admission: € 59,- / person 
(inclusive of transportation, 
English-speaking guide 
assistance and entrance fee)

Date: 5th July 2018 – 13:45
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Prof. Dr. Marisa MICHELINI

Marisa Michelini is full professor in physics education 
in Udine University, Italy, where she is rector delegate 
for Didactic Innovation, Tutoring and school-university 
relationship since from 1994 cooperating with 4 different 
Rectors. She founded and head many institutional structures 
(Interdepartmental Center for Research in Education, Lab 
in Physics Education, Guidance Center, Faculty of Science 
Education, School for Teacher Education, the first Italian 
PhD Course in Physics Education Research) and rules for 
evaluation, Didactic management and Innovation. She is 
responsible of the Research Unit in Physics Education 
(URDF) from 1992.

She is president of GIREP, director of the Italian University Consortium GEO, 
committee member of the Multimedia Physics Teaching and Learning (MPTL), 
board member of EPS-PED division and honorary member of the Italian Association 
for Physics Teaching (AIF), after being in the Executive Committee of ESERA.

Research activity is in two fields: Electrical transport properties in thin films 
and Physics Education, with continuity from 1976, having research responsibility 
on the following lines: A) Curricular Research to build vertical paths and study 
learning progression. Educational paths on thermal and optical phenomena, study of 
motion, electromagnetism, quantum mechanics and superconductivity. B) Design 
Based Research to study way to overcome learning knots and ICT role in learning 
processes. C) Empirical research on learning processes and developing formal 
thinking. D) R&D. Innovation in physics teaching/learning developing original 
proposals for Lab activities integrated in vertical paths; E) Informal learning, 
Inquiry Based Learning and CLOE-Conceptual Labs for Operative Exploration in 
bridging common sense ideas with scientific one. F) Teacher Education. G) Model 
for School-University cooperation and institutional way for co-planning instruction 
and relative supports. H) Innovation in University Strategies and Education.

Responsible of 2 EU Projects on physics education and partner in 5 other EU 
Projects, she carried out 46 projects on physics and teacher education at national 
level as scientific responsible in Italy and was responsible of 8 projects at regional 
level. She is head of the Italian series Projects IDIFO carried out from 2006 till 
today, involving 20 Universities and INFN for the Innovation in Physics Teaching 
and guidance on modern physics, being Director of 8 biannual Master’s program 
and 7 specialization courses focused on the teacher education.

She organizes 9 International Congresses and 8 National relevant congresses 
and school, being in the Advisory board of all GIREP, ICPE, MPTL Congress 
organization in the last 15 years. Key-note invited speaker in 28 International 
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(AAPT, GIREP, EPS, IACPE, ICPE, LAPEN, LASERA, MPTL) and in 39 National 
Congresses. In 1989 she received the award in physics education by the Italian 
Physical Society. Her work is documented in more than 660 publications selected 
by referees, on books and journals, 257 of which in English.

Modern Physics in Secondary School and Physics  
Education Research 

Marisa MICHELINI 
Full professor in Physics Education University of Udine, Italy

Abstract
A new secondary school curriculum including modern physics is a need. The narrative 
approaches and the appendices in the books dedicated to special relativity and quantum 
physics do not solve the problem. Instruments and methods of the new physics have 
to become competences for students, as well as the new research approaches in 
fundamental and applied physics. In the perspective of a coherent path integrated in 
the physics teaching/learning process, we developed seven research based proposal on 
modern physics validated by the implementation in secondary school.

1. Introduction
In the last 15 years Modern Physics (MP) appears in many curricula of the secondary 
school and it is present in the main textbooks of the European countries at least in a 
chapter, even if in a non-organic way [1, 2]. In Physics Education Research (PER) 
literature, many specific proposals appear, but there is a lack of a coherent global 
path and there are very different positions for what concern the introduction of 
Modern Physics in secondary school [4, 5, 6]. Conceptual knots in classical physics 
are often quoted to argue the exclusion of MP in the secondary school curriculum 
and there is a wide discussion on goals, contents, rationale, instruments and methods. 
Special relativity and the physics of quanta are privileged topics. Methods used are 
story telling of the main results, argumentation of crucial problems, integrated or 
as a complementary part in the curriculum. The narrative approach to new ideas 
and to a new way to interpret crucial experiments prevails. In that way students 
can understand the idea presented, but they cannot gain mastery of new ideas, 
epistemology and way of thinking for the phenomena interpretation.

The physics of twentieth century is very different from that of the previous 
one. With the scientific revolution of the last years of 1800 and the beginning of 
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1900 the scientific paradigm begins to change. Theoretical physics is born and 
experimental work becomes strongly related with the way to explore and interpret 
phenomena. Technological world plays a new important role, as well as the formal 
description by means of mathematics. The mathematical formalization of the new 
theories requires a new mathematical apparatus, offering interpretative challenges 
in physics. The need to use both the complex number field and the extension to 
the complex vector spaces requires an in-depth reflection on basic concepts, as for 
example those of physics property, state of a system, measure. Euclidean space is 
no more an absolute referent for phenomena description. The basic principle of 
the motion description, the dynamical evolution of processes requires a revision 
in which the concepts of basic quantities as space, time, contemporary events, 
trajectory, mass and energy change. Common perception is no more a basic referent 
for the physical description of phenomena. There are now many new research 
fields drawing new way of build physics knowledge in condensed matter, in high 
energy physics, in chaotic phenomena, in space physics, offering contribution to 
different scientific, cultural and social worlds, as in medicine, in cultural heritage, in 
computer science, in technology.  Students cannot ignore this new world of physics, 
which increases in relevance by finding application in our daily life. Modern 
physics in secondary school is a challenge, which involves curriculum innovation, 
teacher education and physics education research to individuate ways that allow the 
students to face the interpretative problems and to manage them in many contexts 
and in social decisions. Last but not least, we have evidence of the motivational role 
for students of the intellectual challenges [7]. In this perspective, modern physics is 
an integrated content in curricula involving the building of formal thinking. In the 
physics research unit of the University of Udine we work since from 1992 to offer 
research based proposals on modern physics in a wide perspective.

2. Research approach
Content research focused to produce vertical coherent learning paths integrated in the 
curriculum is the main goal. Our perspective is to design, develop and test research 
based proposals, in cultural perspective focused on the foundation of basic concepts, 
methods and applications in physics research, integrated in physics curriculum and 
not as a final appendix, offering experience of what modern physics is in active 
research. Vertical paths are designed, as learning corridor [8] for individual learning 
trajectories and step by step concept appropriation modalities [9]. Our research 
approaches require that the first step in research task is to rethink scientific content 
as a problematic issue, to rebuild it with an educative perspective, according to 
the Model of Educational Reconstruction [10]. This task is often integrated with 
empirical research on student reasoning and Teaching/Learning (T/L) paths [7, 11-
15], DBR: Design based research [13]; action–research in a collaborative dialectic 
between school and university, to contribute to the classroom practice, to develop 
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vertical path proposals experimented with students [6]. The approaches are not 
purely based upon disciplinary contents [11] in order to identify strategies for 
conceptual change [15]. Attention is paid to identify strategic angles, critical details 
used by common knowledge to interpret phenomena [15], to study spontaneous 
reasoning paths [7], to find new approaches to physics knowledge [14,15,16-17,24], 
avoiding reductionism, offering opportunities of learning interpretative solutions 
and results, becoming able to manage basic concepts and building competences of 
instruments and methods [7]. Research and development are part of the research 
aimed to produce new hardware and software innovative educational tools. The 
study of rubrics for qualitative data analysis in school implementation of the 
proposals defines learning outcomes for each step of the learning progression.

3. Findings and discussion
Seven different kind of proposals for a global perspective on modern physics were 
developed [16]: 1) optical phenomena as diffraction and polarization bridging 
theories on light nature; 2) spectroscopy from optical range to gamma range as a 
way to explore micro world; 3) the physics in modern research analysis techniques: 
Rutherford Backscattering Spectroscopy, Time Resolved Reflectivity, Resistivity 
and Hall measurements to analyze electrical properties of matter [17]; 4) a coherent 
educational path on superconductivity phenomena [17]; 5) discussion of crucial/
transversal concepts, both in classical and modern physics: state, measure, cross 
section [18], 6) mass and energy in relativity [19]; 7) building the theoretical 
thinking, in a coherent path on the foundation of Quantum Mechanics [20-21].

Discussion of the research methods and of the research process integrated in 
content proposals and learning outcomes build the scenario of Modern Physics as 
an integrated part of the curriculum.
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Prof. Dr. András PATKóS

Professor emeritus of theoretical particle physics at Eötvös 
University. Author of over 100 research papers in quantum 
field theory of fundamental interactions. Intensively 
studied the quark-hadron phase transition and the 
electroweak phase transition both of cosmological interest. 
More recently he has investigated the stability problem 
of the electroweak (Higgs-) vacuum against quantum 
fluctuations. Also authored a primer on the renormalisation 
and resummations of effective models of particle physics. 
Prof. Patkós regularly publishes science popularisation 

articles in Hungarian. In 2013 the Association of Hungarian Science Journalists has 
awarded him the title of the best Science Communicator of the Year. 

He has served twice as President of the Roland Eötvös Physical Society of 
Hungary. Organized a large number of topical workshops, including the Johns 
Hopkins Workshop in Theoretical Physics and the International Conference on 
Strong and Electroweak Matter. In 2001 he has been elected to the Hungarian 
Academy of Sciences, where he coordinates at present the Content Pedagogy 
Research Program of the Academy.

Scientist, educator, statesman – legacy of Roland Eötvös 

András PATKÓS 
Institute of Physics, Eötvös University 1117 Pázmány Péter sétány 1/A, 

Budapest, Hungary

Abstract 
The first part of the talk offers a qualitative discussions of the physics underlying 
the discoveries achieved by Roland Eötvös (1848-1919) and the influence they exert 
on the actual development of gravitational physics and the geophysical exploration 
of the continental evolution. In the second half of the presentation his outstanding 
contributions to advancing  institutions and organizations of teacher’s training in 
Hungary will be discussed.

1. The Eötvös centenary
The international community of science and culture commemorates this year the 
centenary of passing of Roland Eötvös, the most renowned Hungarian experimental 
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physicist, performing all his famous achievements in his home country. Beyond his 
strict research activities he has made long lasting initiatives in the field of higher 
and public education. In particular, he has founded in 1891 the Mathematical and 
Physical Society of mathematics and physics teachers, whose physics branch, 
separated in 1950, bears today his name. The centenary is commemorated  together 
with Unesco. The Internationnal Honorary Scientific Committee consists of more 
than fifty renown scientific personalities from all over the world. In Hungary the 
Hungarian Academy of Sciences, the Roland Eötvös University and a large number 
of professional and sport organizations participate in the celebrations. 

2. His youth and initiation
Baron Roland Eötvös, descendent from an aristocratic family has surprised the 
Hungarian high society with his choice for a scientific instead of a political carreer. 
At age 20, in 1868 he has compared science and politics in a letter to his father, at 
the time Minister of Public Education and Cults:

„Your great achievements drive me to activities whose results are of no less 
utility for the society than yours.  I am convinced that science can contribute to 
human happiness as much as politics does. Moreover, in my view true advances of 
politics originate in scientific advancement.”

3. His most important scientific investigations
His ambition has chosen a correspondingly high target, the unprecedentally high 
precision confirmation of the first postulate of the Principia of Newton. He has 
invented an ingenious new tool allowing him to achieve three orders of magnitude 
improvement over the previous checks of the law of Universal Free Fall (UFF). The 
Eötvös-balance is not only an extremely sensitive equipment for comparing the 
effective force of weight exerted on pieces of different materials by the combined 
force of gravitational attraction and the inertial (centrifugal, and occasionally also 
Coriolis-type) forces. It allows the preparation of maps of gravimetric anomalies, 
deviations in the effective gravitational acceleration from what is produced by a fully 
homogenous density distribution. In this way he has invented a first geophysical 
equipment completing the geological methods of searching for valuable minerals, 
oil and other raw materials. 

4. Contemporary impact of the Eötvös-type experiments on competing
theories of gravitation
Modern significance of the Eötvös-experiment has been recognized more than half 
a century after it has been performed. In 1957 John Wheeler  and Robert Dicke 
of Princeton University have advocated a much more thorough check of the 
Equivalence principle since theories representing alternatives to Einstein’s theory 
of General Relativity, commonly violate it. Starting with the Priceton group in 
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1963 until the experiments performed in Seattle by the Eöt-wash group of Eric 
Adelberger, all have used a variant of the Eötvös-balance. Application of the latest 
detection techniques in 2008 has allowed five orders of magnitude improvement 
in the performance of Eötvös-type experiments relative to the original results of 
Eötvös and his collaborators in 1909.

5. His long-lasting contributions to the institutional developments in
Hungarian Public Education
Roland Eötvös during his scientific carreer has put great emphasis on improving the 
teaching of physics and science in general. He felt also responsibility for the living 
and working conditions of physics teachers. Directly after returning from  Heidelberg, 
the place of his doctoral studies, he has proposed a grant scheme facilitating original 
research by high-school teachers. He has contributed to the progress of teacher’s 
social status. He has transfered the author’s rights he inherited for the novels of his 
father, rather popular in Hungary and also in some other European countries, to the 
Hungarian Teacher’s Association. A most significant initiative was taken by him 
in 1891 when he convoked his colleagues to the Main Auditorium of the Institute 
of Physics, where they have founded the Mathematical and Physical Society. The 
journal of the Society launched at the same time had chosen for its main goal to 
make understandable the latest results of mathematics and physics to high-school 
teachers. Eötvös has introduced the famous notion of  „teacher-scientist”, which 
attracts even today many and is also heavily disputed by others. Finally, in 1894 
he stepped into the footsteps of his father, when he became the Minister of Public 
Education and Cults for seven months. He has used this intermission in his scientific 
activities to found an independent high level institution of teacher’s training (named 
after his father) and also to increase considerably the salaries of the headmasters of 
primary schools.

6. The bonus: Eötvös, the sportsman
In the concluding part of the talk I would prefer to provide some picturesque details 
of the entertaining activities of Roland Eötvös, like horse riding, mountaineering, 
stereo-photographying.  



49

Prof. Dr. Igal GALILI

Igal Galili is currently Professor Emeritus of Science 
Education at the Amos de-Shalit Science Teaching Center 
in the Faculty of Mathematics and Natural Sciences of 
the Hebrew University of Jerusalem. He graduated in 
theoretical physics at the Hebrew University of Jerusalem. 
He learned physics education research in San Diego 
and Berkeley. His research interests include structure of 
students’ knowledge of physics and structure of physics 
knowledge, conceptual knowledge of physics, nature of 
scientific knowledge and its representation in education 

and art. In particular, he investigated the concept of weight/gravity as different from 
gravitation in physics history, philosophy and education. His research products 
include the paradigm of Discipline-Culture and the corresponding to it Cultural 
Content Knowledge with regard to physics knowledge. Those concepts specify 
the role of the history and philosophy of science for the meaningful teaching and 
learning of physics. Igal closely cooperate with colleagues in different countries 
around the globe. Among the European cooperative projects were HIPST (History 
and Philosophy in Science Teaching, 2008-2010) and TRACES (Transformative 
Research Activities. Cultural diversities and Education in Science, 2010-2012).

The impact of Equivalence Principle on physics teaching –
The ongoing opposition in teaching of Weight-Gravity 

Igal GALILI 
The Hebrew University of Jerusalem

Abstract 
The Equivalence Principle presents one of the cornerstones of modern physics. 
The unprecedented accuracy reached by Eötvös in his experiment practically made 
the equivalence of gravitational and centrifugal forces – discovered by Huygens 
and amazed Newton in the 17th century – an established fact which provided the 
just emerging Einstein’s Theory of Gravitation with convincing evidence and 
solid status. Other evidences, including recently obtained, continued to support 
this celebrating scientific result. Soon after discovery, the philosophy of science 
interpreted the principle of equivalence as implying the required split between 
gravitational force and weight concept. Since then, for about a hundred years, the 
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system of introductory physics education, for which the weight concept is especially 
relevant, has been going through a contraversive process in which some teachers 
and even countries changed the way they teach the concept of weight at schools to 
that defined operationally, and others (a significant majority) continue with teaching 
the Newtonian nominal definition of weight as equal to gravitational force. The 
issue of weight concept presents a very special case where teaching introductory 
physics actually deals with the fundamental problem of epistemology, the role of the 
operational definition of physical concepts, which was in the core of the scientific 
revolution in the beginning of the 20th century. I will briefly depict the history of 
weight concept in physics, the epistemological account of the related problem, and 
will review the research in physics education which investigated different aspects 
of adoption one of the two definitions of weight in school teaching and suggested to 
resolve this conceptual opposition in physics curriculum1.

1 e.g. Galili, I. (2001). Weight versus gravitational force: historical and educational perspectives. 
International Journal of Science Education, 23 (10), 1073-1093;

 Galili, I., Bar, V & Brosh, Y. (2017). Teaching Weight-Gravity and Gravitation in Middle 
School—Testing a New Instructional Approach. Science & Education, 26(3), 977-1010.
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Prof. Dr. Dean ZOLLMAN

Dean Zollman is University Distinguished Professor 
Emeritus of Physics and Director of the Center for 
Research and Innovation in STEM Education (CeRISE) 
at Kansas State University. From 2001 to 2011 he was 
the William & Joan Porter University Distinguished 
Professor, and Head of the Physics Department. He also 
holds the title of Distinguished University Teaching 
Scholar Emeritus. He has focused his scholarly activities 
on research and development in physics education since 
1972. He has received four major awards – the National 

Science Foundation Director’s Award for Distinguished Teacher Scholars (2004), 
the Carnegie Foundation for the Advancement of Teaching Doctoral University 
Professor of the Year (1996), and American Association of Physics Teachers’ 
Robert A. Millikan Medal (1995) and Oersted Medal (2014). Dr. Zollman served on 
International Commission for Physics Education from 2002 to 2011. He has twice 
been a Fulbright Fellow in Germany, once each at Ludwig-Maximilian University 
in Munich (1989) and the Institute for Science Education at the University in Kiel 
(1998).

Dr,. Zollman is part of the Kansas State Universality Physics Education 
Research group (KSUPER) which was founded in 1972 and now has three faculty 
members.  His present research concentrates on investigating the mental models 
and operations that students develop as they learn physics and how students transfer 
knowledge in the learning process. He also applies cutting edge technology to 
the teaching physics and to providing instructional and pedagogical materials to 
physics teachers, particularly those teachers whose background does not include a 
significant amount of physics In addition to numerous papers in refereed journals, 
Dr. Zollman is co-author of six videodiscs for physics teaching, the Physics 
InfoMall database, a textbook and the Visual Quantum Mechanics and Modern 
Miracle Medical Machines projects. He was co-coordinator of PhysWare, a series 
of workshops to introduce active learning methods to university physics faculty in 
developing countries.
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Context, Representations and Transfer: How Physics 
Education Research Informs Teaching and Learning

Dean ZOLLMAN 
Center for Research and Innovation in STEM Education & Department of Physics, 

Kansas State University, Manhattan, Kansas USA

Abstract 
For over 30 years, research on teaching and learning of physics has provided a 
large amount of data and results about effective (and not-so-effective) learning and 
teaching methods. These data can provide guidance for our teaching. At the same 
time, teaching and learning are very complex activities, involving many variables. 
Thus, one size does not fit all. Nevertheless, we can gain insights to appropriate 
approaches to our teaching from the research. In this talk, I will provide a view of 
some research that has guided me during my teaching career.

1. Introduction 
Many years ago, I told the story of how my eight-year-old daughter questioned 
whether university students could learn physics because “they just sit there.” [1] 
Today, that wise little girl is a grandmother, but for many students the primary 
way of learning physics is still to just sit there and listen. Fortunately, many other 
students are given the opportunity to learn physics by actively engaging with the 
subject matter, a variety of equipment, and their peers. 

This change has come about, in part, because of physics education research 
(PER). For over 30 years, researchers have investigated the way that students learn 
physics and how our teaching methods help or hinder that learning. See Docktor and 
Mestre. [2] for a review. 

2. Transfer
An important aspect of this research is understanding how students use their prior 
knowledge in making sense of the concepts of physics that they are studying. In 
these situations, the students must transfer knowledge which was acquired in a 
different context to a situation in physics. Much research has shown us that students 
rely heavily on their experiences which occurred before they studied physics when 
interpreting or applying the principles while they are studying physics. Thus, they 
transfer to physics experiences from other formal learning, from everyday life 
and from other learning environments. Sometimes this transfer is appropriate and 
helpful; other times it leads students down a wrong path.
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However, transfer within physics learning is equally important. Students need 
to be able to use knowledge from one part to learn successfully other concepts. As 
with transfer to physics, this type of transfer can sometimes be helpful and sometime 
hinder learning. [3]

Using fundamental work by psychologists as a foundation [4] our group 
developed a framework for understanding transfer while students are learning 
physics.[5] In this model horizontal transfer involves activating and mapping pre-
constructed models to new situations. Vertical transfer includes constructing a new 
model to make sense of a situation. In learning physics both types of transfer are 
valuable. Analyzing ones teaching in terms of a transfer framework can help us 
understand better students’ difficulties (and successes).

3. Representations
When trying to understand a physics concept or solve a problem, students can be 
helped by using different ways of looking at the situation. They may use words, 
equations, pictures, graphs, computer visualizations and so on.  Each of these is 
a different representation of the situation. Whether transferring within the context 
of physics or from other contexts to physics, students will frequently need to work 
with more than one of these representation or combine concepts to build multiple 
representations.

Multiple representations have made a particular impact on the teaching 
of quantum physics. Traditionally, representations for quantum concepts were 
equations with some static drawings. Computer visualizations have changed the way 
we teach quantum physics and the audiences that can have an opportunity to learn 
these ideas. Computer visualizations add motion to graphical representations and, 
most importantly, provide ways in which students can interact with and modify the 
representation. Thus, the instructional materials provide students with engagement 
in the learning. They don’t just sit there while they are learning.

Our most recent effort to use interactive visualizations to teach contemporary 
physics is related to quantum computing. We are expanding the Visual Quantum 
Mechanics [6] instructional material to include quantum computation. We have 
just started this effort by combining some of our instructional strategies with the 
interactive visualizations from the QuVis project [7].

Representations are also important when students are solving problems.  
Particularly when the problem is complex, the students may use several different 
representations and combine them to complete the problem solution. Weliweriya, 
Sayre and Zollman [8] investigated a problem solving situation in an upper-level 
electricity and magnetism oral examination. They were able to see how a student 
used many different representations, both alone and in combination, productively; 
how resources were sometimes not productive; and how the student used 
representations and resources to recover from going down a non-productive path. 
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The analysis provided insights into the use of resources available to the student and 
the importance of representations in using those resource in the problem solving 
process.

4. Conclusion
Physics Education Research is providing insights into the learning-teaching process. 
Most of this research can have direct application to the physics classroom at all 
levels of instruction. Here I have discussed just a few of the many ideas that can 
help us improve our students learning.
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Abstract 
The Activity-Based Physics Group (with principal members Priscilla Laws, 
Ronald Thornton and the author), is best known for a number of physics active 
learning curricular developments including RealTime Physics, Interactive Lecture 
Demonstrations and Workshop Physics. Equally important for the advancement of 
physics education has been the series of faculty development programs (institutes, 
workshops and short courses) that the group has organized and presented during 
more than three decades. This plenary describes the context of these programs, and 
the characteristics that have made them successful and sustainable over the years.

During Summer, 1987, the National Microcomputer Based Laboratory (MBL) 
Institute for Teachers of Physics, was held at Tufts University. With financial 
support from the U.S. Department of Education, 20 exemplary secondary physics 
teachers from across the U.S. came to Boston to learn about the new computer-
based laboratory tools (for Apple II computers) and a new hands-on, active learning 
curriculum for use with the tools (that would eventually evolve into RealTime 
Physics). This first faculty development workshop organized by the Activity-Based 
Physics Group incorporated a number of design features that supported the success of 
active learning dissemination: (1) introduce the new computer-based tools and new 
active-learning curricula through active participation of the workshop participants, 
(2) help the participants “fill in the gaps” in their conceptual understanding by 
working through the materials “as students,” (3) provide resources and support for 
implementation back home, and (4) encourage dissemination to colleagues.

These design features were implemented through the following components 
found in almost all of our faculty development programs: Participants (1)  read 
the literature on PER and active learning before coming to the workshop, and 
are presented an introduction before beginning their work, (2) take pre and post 
conceptual evaluation tests (which they will also use for action research with 
their students), (3) work through the student curricular materials—no lecturing on 
content!, (4) prepare curriculum projects (plans) for implementation back home, 
(5) receive sets of curricula and equipment to take home, and also information 
on buying additional sets, and (6) receive stipends for presenting active learning 
workshops to colleagues.
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Since 1987, the author has been an organizer and/or presenter at nearly 300 
institutes, workshops and short courses attended by over 8500 college/university 
and secondary faculty, sponsored by the National Science Foundation, Abdus Salam 
International Center for Theoretical Physics (ICTP), UNESCO, U.S. Department of 
Education, Howard Hughes Medical Institute, and others. Because these programs 
have retained and refined these design features over the years, they have been 
successful in disseminating new developments in active learning. 

This plenary will elaborate on this successful model for dissemination of 
active learning strategies, tools and curricula. 
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Abstract 
Journals, destined for teachers, provide practical ideas about the use of multimedia 
in physics teaching and learning. However, usually the articles are written in local 
languages. Twenty-four official languages in the EU generate a considerable barrier 
for an exchange of teaching and learning material. Recommendations for teaching 
and learning in one country often are not noticed in neighboured countries. Hence, 
scientific members of the MPTL-group (Multi-media in Physics Teaching and 
Learning) got together to provide a review about articles on multimedia applications 
and corresponding concepts that are discussed in county-specific lan-guages (not in 
English).

491 articles about multimedia applications were analysed, using a list of 81 
categories. Ad-dressed topics, teaching strategies, technologies and multimedia 
features were fundamental categories. In addition to several descriptive statistics 
like frequency analyses, also a log-linear multiway frequency analysis and cluster 
analysis were carried out. This provides insights about preferred combinations 
of content and teaching strategies. Furthermore, differences between countries, 
changes between periods, and special patterns of articles in 34 teacher-oriented 
journals from 10 countries are uncovered. Diverging main topics and some changes 
between two time intervals (2006-2010 and 2011-2015) are to mention. 

A broad spectrum of ideas aiming on the use of multimedia in practice is 
available, but re-quires more international exchange to circulate the best ideas all over 
Europe. Furthermore, findings also point to the need to improve the dissemination 
of current research findings and a profound theoretical background. E.g. modern 
concepts about augmented reality, a profes-sional use of internet-based sources and 
modern mobile devices are rare in several countries. Thus, besides exposing results 
of this study, the presentation is also a call-up for more ex-change and discussions 
about dissemination of multimedia concepts for teaching and learning of physics.
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Abstract 
For the development of scientific competencies as part of a comprehensive general 
education the execution of experiments is of central importance. If the conduction 
of an experiment is too complex, risky, or time-consuming, or the experimental 
material is not available, remote experimentation is an alternative way to convey 
experimental skills and competencies and to encourage self-regulated learning. In 
order to give students access to experiments which are not practicable at school, 
various virtual and remote labs were developed at LMU Munich. The accompanying 
instructional material grounds on two different but complementary approaches 
which have deeply influenced the science education of the last two decades. First, 
based on the theory of situated learning the importance of contextualization was 
highlighted in a variety of ways and empirically substantiated. Secondly, the use 
of multimedia in science teaching and learning has been grounded in theory and 
has become increasingly widespread as the opportunities for using new media in 
teaching continue to improve. Accordingly, research on context-based learning in 
virtual and remote labs as an important example of science education can deliver 
meaningful insights and implications.

In this talk two aspects will be discussed that are particularly important for 
experimentation in the distance lab. First, what information students need and when 
and how this information should be presented. Second, the question of how to find 
the balance between open instruction and necessary guidance in self-regulated 
inquiry-based learning.
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Abstract 
The experimental observation of gravitational waves in recent years has generated 
much excitement. Various names have been coined for such learning experiences, 
authentic, inquiry, to the practice of physics. Can such experimental experiences 
be recreated in university and school laboratory programs? How can we tell if such 
experiences  experience are captured. It is important to note that there are genuine 
challenges, from how to measure to defining effective. This talk seeks to shed light 
on this dilemma by sharing two decades of research on experimentation in the 
Australian context. 

1. Introduction 
The direct observation of gravitational waves in recent years has generated much 
excitement. One could say that there has been a sense of exhilaration. Given 
that gravitational waves were theorised by Einstein a century ago, and indirect 
observations had been made, what was so special about the direct observations? 
After all, the exercise was about confirming theory, not unlike undergraduate physics 
experiments. Or was it? While a lot was known, a lot was experimental in the true 
sense of the word. Can this experience be recreated in undergraduate laboratory 
programs? The quest is on to capture similar experiences in experimentation in 
both school and undergraduate physics experimentation. Various names have been 
coined, authentic, inquiry, to the practice of physics. However, it is important to 
note that there are genuine challenges, such as:

a. What does it mean to measure ‘student experiences of experimentation’? 
How do we measure? How do we intrpret results to further improve 
experimentation?

b. How do we design ‘effective’ experiments? What does effective mean? 
How do inquiry, authentic and practice surface in the design?

c. Finally, if the experiences are tenuous and ill defined, how do we assess?
This talk seeks to shed light on the above questions by sharing two decades of 
research on experimentation in the Australian context.

2. What does it mean to measure ‘student experiences of experimentation’?
To measure student experiences of experimentation, I draw on two surveys; ASLE 
focusing on individual experiments and ALPE on laboratory programs. The ASLE 
has been administered to 2691 students and the ALPE to 9790 students, in physics 
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and four other disciplines [1, 2]. After checking for assumptions, Exploratory Factor 
Analysis was used to extract 2 factors: motivators which appears in both ASLE and 
ALPE and a separate second factor for each instrument. Our analysis suggests the 
items in the motivators factors align with student satisfaction with their experiences. 
Those in the second factor appear to be more subtle, if not done well, these give 
rise to student dissatisfaction, but once at a certain level do not contribute to further 
satisfaction. The key message for teachers is to invest in items on the motivators 
to continue improving student experiences while those in the other factors will not 
influence student experiences after a certain level. 

3. How do we design ‘effective’ experiments? What does effective mean?
Designing ‘effective’ experiments’ is not a trivial task, as ‘effective’ takes on different 
meanings for contexts.  This talk will present three approaches  for designing 
‘effective’ experiments, all three have been implemented with large cohorts, many 
tutors, and slotted into fairly standard first year laboratory programs.  First, the 
open-ended projects, often referred to a open inquiry, has been running for 20 years 
[3]. In the first fours weeks students working in teams carry out electricity/circuits 
experiments with 30 minutes each week to plan their project guided by tutors. They 
submit a project proposal, and carry out the project in the next 4 weeks. A fleet 
of formative assessment tasks are deployed to support students culiminnating in a 
presentation and written report.  Second is the two part experiment where the the first 
part is to ease students into the ‘space of the experiment’ and to ‘connect the whole 
class’ [4] and the second part is for the main experiment.  The whole class activity 
on a spreadsheet enables the class to have a shared experience before commencing 
the main experiment.  Current research focuses on emotional engagement.  

4. How do we assess experimental work?
Finally, assessment is a challenge, as the goals of laboratory programs can be diverse. 
If one sets out to asees conceptual understanding or physics problem solving then 
assessment tasks maybe easier to construct. If one seeks to assess individual students 
inquiry skills, ranging from setting up and conducting experiments to interpreting 
data, there are more challenges. In earlier longitudinal study [5], we have shown that 
students do develop skills. However, assessing within the semester, is something we 
have recently done. A snapshot of carefully crafted ‘authentic’ assessment tasks will 
be presented.

Conclusion
In conclusion, our measures have provided collective evidenc that experimental 
programs are worthy.  However, we note that more effort needs to be invested in 
garnering such evidence in a systematic manner. 
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Contributions

The submitted contributions were reviewed by at least 2 reviewers in a double blinded 
procedure. The following figure shows the distribution of all accepted contributions. 
The ten symposia contain 39 oral presentations as shown in the figure. The letters 
A… J denote the 10 main topics of the conference. For their list see next page. 
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Contributions for oral presentations 

The following figure shows the distribution of the number of accepted abstracts for 
each topic. The green colours show the number of individual oral presentations, and 
the yellow colours show the distribution of the topics within the symposia.
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Ilia State University, 3/5 Cholokashvili Av. 0162, Tbilisi, Georgia, 

Abstract.
Ilia State University (ISU) is one of Georgia’s leading universities in teacher education. ISU
has taken part in a number of EU-funded projects aimed at implementing new approaches to 
science teaching in Georgia, including those with an inquiry-based science education (IBSE) 
focus. After sharing the experiences of other EU countries, new curricula for pre-service 
science teachers in ISU was developed where innovative teaching and learning approaches 
were piloted and implemented. This paper describes how an elementary level pre-service 
science teachers’ curriculum was designed. Some examples of inquiry-based learning will also 
be discussed below.

1 Introduction 

After the collapse of Soviet Union several educational reforms have been implemented in 
Georgia, but the country’s education system is still struggling to overcome the purely 
academic, subject matter structured, and teacher-centered paradigm in science and physics 
education [1].  

The most substantial changes began in 2004 in the frame of the National Education 
Reform. Conceptual changes in teaching science subjects were suggested also. The new 
science curriculum is based on an interdisciplinary integration approach, focused on inquiry.
The process of implementation for the New National Curriculum began in Georgia, but the 
process faced many difficulties [2]. A wide variety of factors such as a lack of materials and 
equipment and in-service teacher professional development hindered implementation. The 
role and responsibility of the universities in the country is very important for the preparation 
of science teachers who will be equipped with the ability to integrate this new curriculum and 
conduct innovative studies of science in their classroom, as we know that teachers are key to 
success of any innovation [3].

2 Pre-service science teacher preparation 

ISU is one of Georgia’s leading universities in teacher education programs. The Science 
Education Research Centre SALiS (Student Active Learning in Science) was established after 
the implementation of Tempus project in 2012 [4]. This centre is responsible for academic 
programs for pre-service and in-service science teachers. 

ISU offers pre-service science teacher education programs for elementary level and 
secondary and high school level. The number of students on the secondary level physics 
program for pre-service teacher education is regressing every year.  The opposite picture is for 
the elementary level program.  

S01-1
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After implementation of the SALiS project, new curriculum and science education courses 
for science teacher education were designed. These courses were piloted in a SALiS 
laboratory with pre-service teachers. Additionally, Ilia State University opened equipped 
science laboratories with modern technologies.

As an example we’ll present one course from the new curricula for elementary level pre-
service science teachers. The course is about integrated learning in science and its structure is 
special - Result Format. Students prepare research projects as part of this course. They choose 
the topic of the project from the beginning and engage in planning and the development of the 
project activities and conduct the research during one semester in the classroom. One group of 
my students studied the role of the experiments for enhancing students’ motivation in 3rd

grade last year. They prepared experiments in the SALiS laboratory and conducted them with 
the 3rd grade pupils during the lessons. The topic of the lesson module was Magnets and 
Magnetic Field. The structure of this course and findings from the study will be presented 
during the symposium presentation in more detail. For example, we will discuss how, after 
this project, pre-service science teachers found out and realized how important inquiry-based 
learning and student-centred approaches are for enhancing student motivation to study 
science.  

3 Conclusion 

Our experience shows how important it is to develop student-centered approaches and 
conduct inquiry-based courses in pre-service teacher education training programs. 
Furthermore, we think that the form of the seminars and the lectures should be changed at the 
universities. Seminars should be designed and lectures should be prepared to be led by a more 
student-centered instruction and to provide opportunity to be flexible on reflection of the pre-
service teachers’ own beliefs and experiences. We suggest also offering more practical and 
inquiry-based courses during the university teacher education program. Here we are 
formulating the questions for further study - how well prepared are university science teacher 
educators for the new changes? Are they familiar with the new teaching methods and research 
in this field? It seems visible that it is necessary to organize professional development courses 
in modern teaching and learning approaches for university science educators.  
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Abstract. Scientific practices are key in curricular proposals from early stages with the intention 
of educating rational and critical citizens. For pre-service teachers, is essential experiencing its 
importance which requires them to do scientific practices so that they are "learning by doing". A 
pre-service teacher training proposal about floating and sinking objects is presented in two cycles 
of inquiry: in the first, the initial models of future teachers are expressed and evaluated, and 
certainties of descriptive knowledge are obtained; in the second, a scholar model called “ghost 
object” is used. Finally, some results related to the training proposal effectiveness are presented.

1 Scientific practices in initial teacher training  
Considering the importance of Scientific Practices in Science Education, our aspiration as 
educators is for future teachers to incorporate them systematically when they teach their students 
[1]. To this end, our teacher training proposal leads the pre-service Primary teachers (PPT) to 
experience Model-Based Inquiry (MBI) sequences, and to reflect on the teaching-learning 
process, so that their self-confidence and security are further enhanced and thus promote the 
incorporation of scientific practices into their future classes in Primary school [2]. The MBI 
sequences are structured around the following phases with greater or lesser autonomy according 
to the PPTs' experience and knowledge on this teaching approach: 1. Address a question that 
engages students, 2. Express ideas or hypotheses, 3. Plan, evaluate or develop a design to obtain 
evidence, 4. Collect and present data, 5. Obtain evidence and analyze them to confirm or refute 
initial ideas, 6. Obtain conclusions and communicate them (descriptive knowledge). 7. 
Construction of a model to explain and predict [3]. Our proposal for initial teacher training is 
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School level are analyzed and modified based on consolidated criteria. 

2 Inquiry-based cycles about floating and sinking objects 
1st cycle: How much sand should be put into the pot so that it does not float or sink in the 
water, that is, so that it is completely covered with water but without touching the bottom of 
the glass? What if instead of sand we use other substances? In the PPTs' three kinds of 
justifications are found: the tendency of the air to rise pushes the pot upwards and the 
tendency of the sand to lower pushes it downwards; the density of the pot must be the same as 
that of water, although they can not justify this fact; the weight pushes the pot down and the 
water upwards ... although they ignore how to calculate the value of the buoyancy and 
therefore can not respond. This cycle allows them to conclude a fact: whatever substance is 
thrown into the container, it will remain floating as long as the total mass is 28 g, a value 
numerically equal to the volume of the cointainer: 28 cc. With this knowledge it is easy to 
introduce the model: the water pushes up the object (buoyancy) just as it pushed the water that 
occupied that place before introducing the container (and which we call "phantom object") 
(fig. 1).  
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After implementation of the SALiS project, new curriculum and science education courses 
for science teacher education were designed. These courses were piloted in a SALiS 
laboratory with pre-service teachers. Additionally, Ilia State University opened equipped 
science laboratories with modern technologies.

As an example we’ll present one course from the new curricula for elementary level pre-
service science teachers. The course is about integrated learning in science and its structure is 
special - Result Format. Students prepare research projects as part of this course. They choose 
the topic of the project from the beginning and engage in planning and the development of the 
project activities and conduct the research during one semester in the classroom. One group of 
my students studied the role of the experiments for enhancing students’ motivation in 3rd

grade last year. They prepared experiments in the SALiS laboratory and conducted them with 
the 3rd grade pupils during the lessons. The topic of the lesson module was Magnets and 
Magnetic Field. The structure of this course and findings from the study will be presented 
during the symposium presentation in more detail. For example, we will discuss how, after 
this project, pre-service science teachers found out and realized how important inquiry-based 
learning and student-centred approaches are for enhancing student motivation to study 
science.  

3 Conclusion 

Our experience shows how important it is to develop student-centered approaches and 
conduct inquiry-based courses in pre-service teacher education training programs. 
Furthermore, we think that the form of the seminars and the lectures should be changed at the 
universities. Seminars should be designed and lectures should be prepared to be led by a more 
student-centered instruction and to provide opportunity to be flexible on reflection of the pre-
service teachers’ own beliefs and experiences. We suggest also offering more practical and 
inquiry-based courses during the university teacher education program. Here we are 
formulating the questions for further study - how well prepared are university science teacher 
educators for the new changes? Are they familiar with the new teaching methods and research 
in this field? It seems visible that it is necessary to organize professional development courses 
in modern teaching and learning approaches for university science educators.  
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 To reinforce the model understanding, each group of PPT is 
assigned a phenomenon to explain or predict: flotation or 
sinking of "normal" and light soda cans, of an egg in good and 
bad condition, of a diver. Communication acquires a greater 
importance since each group has tackled a different 
phenomenon. 
The 2nd cycle focuses on how much (the portion) the objects 
that float sink. The problem that arises is: How much substance 
should be put in the container so that it sinks to the marked 
signal? Finally, the PPTs have to argue their position in a debate 
on the impact of the icebergs melting on the sea level.

3 Evaluation of teacher training proposal effectiveness  
The experimental design for the evaluation of the of the training proposal effectiveness 
includes responses to a pre/post activity [4] and self-regulation of knowledge questionnaires 
(fig. 3, scale likert of self-perception of what PPT have learned) already evaluated in previous 
works [4]. Both instruments were applied to a sample of 150 students (PPT) of the subject 
Science Education I (9 ECTS), of the 2nd year of the Degree in Primary Education of the 
University of XXXX, before and after experiencing the sequence.  

The influence of this sequence in the selection of the most relevant activities, whose results 
will be shown in oral presentation, suggest that the greatest change in PPTs' thoughts occurs 
when they identify the model as an expression of ideas, something that can be observed when 
they choose as most relevant activities to 
learn science "questioning to promote the 
expression of ideas" and "formulating 
experimental designs to look for evidence 
check the initial ideas".  Figure 3 shows the 
recognition of the PPT that they have 
learned and allows to identify the 
explanatory power of the model "phantom 
object", but also indicates the demand for 
more training because the PPT do not 
consider that they are "capable of 
explaining it to a friend". 

Fig. 1 Self-perception of what the PPT have learned 

4 Conclusions 
The results obtained show an effect on PPTs' professional knowledge: a positive evolution in the 
PPTs' perception of the relevant activities to learn science as their final preference of activities 
close to Inquiry shows, in particular the activities directly related to scientific practices that have 
been included in the category "genuine". 
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Abstract. The last decades witness a rapid progress of Nanoscience-Nanotechnology (NST). 
Educational aspects of NST is a challenge. The designing of professional courses aiming at the 
acquisition of teachers’ NST content knowledge as well as of Pedagogical Content Knowledge is 
considered crucial in order teachers to reflect their beliefs as learners and as teachers. Under this 
lens, we examine whether the implemented course influenced primary teachers’ conceptions 
about NST and inquiry teaching-learning. In addition, we seek to designate the characteristics of 
the course that teachers considered as influential to their teaching practice.  

1 Introduction 

In this paper a professional development course is presented. The course is depicted in 
figure 1 and combines the following five characteristics: (i) the introduction of NST content 
in an inquiry learning environment, (ii) the explicit introduction of Pedagogical Content 
Knowledge (PCK), teachers’ engagement in (iii) Lesson Planning as well as in (iv) Teaching 
Practice and (v) a continuous teachers’ collaborative reflection on their own experience in the 
course [1]. We assume that the integration of these characteristics could significantly 
contribute to teachers’ knowledge about NST content as well as it could enhance their own 
practice with inquiry learning activities such as analyzing data, modeling etc. We also assume
that teachers could develop their own critical thinking concerning educational issues such as 
to be open-minded towards the incorporation of modern science fields (e.g. NST) in grades K-
6.

2 The Professional Development Course 

PCK has three components: content, pedagogy, and context. In this course, content 
knowledge includes concepts, phenomena and applications of NST related to Big Ideas [2]:
landmark objects of nanoscale (virus, DNA), lotus and gecko effects, water nanofiltration,
models (nature and role of models). Pedagogy refers to the knowledge of teaching methods
that we implemented for approaching this content, namely inquiry teaching methods (e.g. 
modeling), the Jigsaw method, out of school inquiry activities. Context knowledge involves 
the description of the educational material that is required for the NST content negotiation: a 
variety of representations (e.g. video simulations), several materials in order to study lotus 
and gecko effect (e.g. superhydrophobic wooden surfaces, scratch strips), etc. PCK 
components were analyzed under the lens of NST content. Specifically, teachers with 
researchers’ support collaborated in order to become aware of these components as well as to 
share their reflections about the educational impact of each one, e.g. how useful is to teach 
models and modeling to primary students in order to help them approach the lotus effect?
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Fig. 1 Characteristics of a professional development course for teachers in Grades K-6 

The collaborative reflection also was focused on their lesson planning and teaching practice. 
Specifically, having the feeling of interdependence, teachers planned and taught NST content 
to 5th-6th grade students. Crucial questions were raised: how feasible is to teach NST content 
to primary students? The duration of course was 16 lessons (48 hours).  

3 Research methodology 

We aim to answer the following research questions: (i) How did the teachers’ conceptions 
on the term “Nanoscience-Nanotechnology” change after the course? (ii) How did the 
teachers’ conceptions on inquiry teaching-learning change after the course? (iii) What 
characteristics of the course do teachers think that could support changes to their own 
teaching practice? Two sources of input were used for the evaluation of the course, (a) a 
questionnaire that measured teachers’ knowledge about NST content and about inquiry 
teaching-learning, and (b) an interview regarding the five course characteristics. The 
participants were 12 primary teachers and one kindergarten. The analysis of the teachers’ 
responses on the NST content knowledge was based on a four-level scale of understanding. 

 

4 Results-Conclusion 

Prior to the implementation most of the content responses were categorized in the two 
lowest levels which indicates an incoherent view about NST. After the implementation, all the 
teachers were ranked in the two upper levels, which shows that all of them expressed an 
informed view for at least one of the NST Big Ideas. Teachers' conceptions of inquiry 
teaching-learning were enhanced mainly to modeling and the Jig Saw method, namely two 
aspects of pedagogy component that were not recognized in the prior measurement. 
Concerning the 3rd question, results revealed that nearly all the teachers: (a) focused on the 
newness of the NST field which they estimated as very interesting and feasible for introducing it  
in K-6 grades, (b) advocated the inquiry process of modeling as a pedagogy method for 
understanding complex science contents as NST, and (c) acknowledged the explicit introduction 
of PCK as a main factor for improving their lesson planning. 
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Abstract. The research based model MES [1] of the Physics Education Course for Prospective 
Primary Teachers (PPT) in the University of Udine involves students in planning and 
experimenting the teaching of two intervention modules at school chosen from 15 topics treated. 
Here we analyse 23 cases of the implementation in classrooms of planned educational paths on 
the topic of fluids by paying attention to how the path proposals are build, planned and 
implemented in classrooms, starting from the educational reconstruction of the topic of fluids on 
the light of a reflection on the research based educational paths offered in literature. 

 

Introduction 

Prospective Primary Teacher (PPT) Education is a relevant challenge in improving scientific 
literacy. It involves the study of the way in which the integration of subject matter and 
pedagogical aspects [2] offers professional competences in science education and in particular 
those professional skills related to the use in context with children fertile strategies for 
overcoming conceptual knots and/or to activate interpretative models building scientific 
thinking. In our research, the PPT Education model include Metacultural, Experiential and 
Situated formative phases MES [1] and it is focused on the construction of a flexible PCK, 
based on Physics Education Research (PER). Theoretical framework for the whole process 
was the Model of Educational Reconstruction (MER) [3,4]. The following five activities 
prepare PPT for the path planning and its implementation in school with children characterize 
MES model: 1) the conceptual reconstruction of subject matter, 2) the analysis of the main 
conceptual difficulties on the specific topic reported in, 3) the analysis of some research based 
educational proposals, 4) the reflection on how the main conceptual activities (2) are 
considered in proposed paths (3), 5) peer discussion in group of the activities, instruments and 
methods suggested in the proposals explored. The successive personal involvement of PPT in 
planning and analysing educational proposal for primary school and in experience practice in 
school of their proposal [5, 6, 7] are the main characteristics of the chosen approach and of the 
actual research. 

Resources for educational discussion during interactive lecture demonstration were research 
based proposals on the same topic implemented in primary school [8]. Selected strategies and 
methods were Inquiry Based Learning and Prevision, Experimentation, Comparison. A 
conceptual analysis of the physics involved and goals addressed were in parallel with the 
educational discussion of the topic [8].  

Fluids is one of the main topics treated in primary school to introduce the study of the 
properties of matter, the state conditions and phase changes and buoyance. In our approach 
the Pascal, Stevino, Archimedes laws are the main topics on fluids in equilibrium faced by a 
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mesoscopic model for the interpretation [7]. Capillarity and viscosity phenomena are 
considered to evidence the real fluids properties by means of explorative experiments in 
qualitative way.  

In a previous study we analysis the educational proposal on fluids done by 85 PPT according 
with a simple Rubric, after phase five of their formative path [9]. Here we analyse the detailed 
paths planned on fluids by 26 PPT at the end of the formative process, their implementation in 
23 primary school and the relative monitoring of pupils learning by PPT. 

 

The research 

The global research goal is the analysis of the role of the adopted MES model in professional 
development of PPT and in particular on the contribution of planning and practicing an 
educational path on a specific topic.  

The selected topic is fluids for different reasons: it is a frequently discussed topic in primary 
school, it lends itself to differentiated approaches, it is suitable for a strategy Inquiry Based 
Learning (IBL), a simple mesoscopic model can be used to approach interpretative plan in 
phenomena exploration. In addition, ideal fluids in equilibrium laws can be approached with 
simple experiments and the role of a state quantity as the pressure can be focused. Subject 
matter and epistemological aspects, as well as kind and way to approach formal thinking are 
interrelated in fluids, offering multi-perspective planning opportunities to PPT. 

Sample consist in 26/89 PPT involved in the same physics education course. The 26 interested 
PPT take part to the five preparatory activities of the formative module MES and actively 
participate in preparing and discussing proposals on fluids by means of the simple standard 
Rubric adopted by the 89 PPT and analysed in a previous study [9]. 

To plan the Intervention Module in School (IMS) the PPT prepared and discussed with the 
teacher and peers a detailed educational plan including; 1) scientific, social, educative 
motivation for the topic of fluid; 2) chosen approaches, instruments and methods; 3) rationale of 
the path; 4) conceptual and procedural maps; 5) key questions related to conceptual knots; 6) 
the story board of the suggested activities; 7) detailed description of the explorative and 
experimental work for pupils; 8) educational materials and monitoring modalities and 
instruments. 

The 26 PPT implemented in classroom with children the path proposals, after a discussion and 
revision, supported by the physics education course responsible. PPT analysed pupils learning 
process by means of different instruments and methods, reflecting on their own learning. In this 
paper, we analyse how the 26 PPT-students have taken, used and transformed the research based 
proposals analysed in their formative experience. We compare the PPT approaches and how 
PPT transform the specific learning difficulties studied in literature in teaching/learning 
resourced.  

The implementation in schools made it possible to implement 23 IMS that involved 331 
children from 7 to 10 years old in normal primary classroom work 

A final report prepared by each PPT include the: A) simple standard proposal by means of the 
common Rubric; B) detailed path proposal and relative revision after discussion; C)  report on 
IMS, including story board and comments on the comparison between the path planned and 
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classroom experience; D) analysis of data on learning process during IMS; E) reflection on the 
personal learning in the whole formative process, including in action learning. 

We analyse the final report for the 23 IMS by means of standard qualitative analysis to 
individuate the role of each active part in the applied MES model for PPT education. 

Specific research questions in the analysis are how PPT: 

RQ1) use the subject matter in planning proposal and in the path planned for IMS on fluids; 

RQ2) reuse and transform the educational research based proposals on fluids offered for their 
education; 

RQ3) collect and analyse data in the learning process of pupils during IMS; 

RQ4) reflect in their own learning in the final report. 

We pay attention to: 1) how conceptual knots and stimulus questions offered in the preliminary 
part of their education are taken into account in planning proposals and in planning paths; 2) 
how the path planned and IMS reflect a coherent approach to fluids; 3) how interpretative and 
formal aspects are taken into account; 4) how the approach adopted in IMS is based on active 
learning; 5) how the reflection on the personal learning contribute in building a flexible PCK. 

 

Conclusions 

The adopted MES model for PPT physics education contains the challenge to integrate 
pedagogical and content knowledge by means of a research based approach, including the 
building of professional competences in science education. Different kind of knowledge are 
combined in the process to produce planning experience, discussion of outcomes and relative 
reflection. The learning in a research based activity in classroom practice complete the 
professional goal.  

The analysis of PPT reports provides relevant results on the way in which the PPT use the 
subject knowledge, reuse the analysed educational paths on fluids and how they fit it into the 
paths, as well as how they reuse the teaching and laboratory activities they have experienced 
directly in MES formative model. From data analysis emerge in particular: 

- How the approach based on the discussion of research based physics education proposals 
play the role of build PCK competence and individuate the professional needs to plan 
intervention modules for children; 

- How the process of planning, discuss and revise proposal produce a change of perspective 
in PPTs from an information based teaching to an explorative inquiry based approach 
where question related to situation build explanations and interpretative models; 

- How the implementation in classroom of a planned proposal and relative monitoring of 
learning by children contribute in a meta-reflection of the professional development. 

The task to prepare tutorials and educational materials for children produces a reflection on 
the choices for the learning environment and on the approach step by step. During the 
implementation of the proposed activities of the planned path the PPTs activated a meta-
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reflection on their educational practices, integrated with the informal learning acquired in the 
experience, which produce example of action-research processes. 

The analysis of the PPT reports highlights how research based education of PPTs contribute in 
their competence in collecting children's spontaneous ideas through meaningful questions, 
analysing learning data and representing them. Evidence emerge on how, during the meta-
reflection phase, the PPTs gained ownership in their own learning process. 
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The Teaching and Learning of Einsteinian Physics – an 
International Perspective

Magdalena KERSTING
Department of Physics, University of Oslo, Oslo, Norway 

OzGrav-UWA, Department of Physics, The University of Western Australia, Australia

Abstract. This symposium brings together research conducted in Scotland, Israel, Australia, 
and Czech Republic on the teaching and learning of Einsteinian Physics. Despite Einstein’s 
theory of relativity now being known and celebrated by the science community for more than 
one hundred years, related concepts are still usually only taught in universities. As a 
consequence, nineteenth century concepts about gravity, space and time prevail in schools. In 
countries where Einsteinian physics is taught in the school curriculum there is often a problem 
with teachers who lack the confidence and pedagogical expertise to engage their students and 
support their learning. This symposium addresses these problems both from the teacher and the 
student perspective.

1 Introduction  

This symposium seeks to synthesize research on the teaching and learning of Albert 
Einstein’s special and general theory of relativity at the school level. Building on two 
symposia held at GIREP 2017 in Dublin [1] and GIREP 2018 in San Sebastian [2],  the four 
contributions extend our shared explorations of teaching approaches, student learning 
processes, and teacher perspectives in the learning domains of special and general relativity. 

Even though Einstein’s theories of general and special relativity have influenced scientific 
and technological process for more than one century, physics educators have not fully caught 
up yet. As a consequence, nineteenth century concepts about gravity, space and time are still 
taught in schools as if these were the way that today’s scientists also perceive reality and 
denying the majority of students our most advanced ways of understanding. The modern 
Einsteinian perspective represents a significant paradigm shift compared with the Newtonian 
paradigm that underpins most of school education today. A consistent education within the 
Einsteinian paradigm requires the rethinking of science education across the entire school 
curriculum.   
 
Conceptual demands in special and general relativity are high and relativistic concepts 
challenge students and teachers alike. Often, teachers lack the subject and pedagogical 
expertise to support students’ learning [3]; students on the other hand struggle with the high 
level of abstraction and counterintuitive phenomena [4,5]. In response to the educational 
challenges that Einsteinian physics presents, this symposium is designed for colleagues 
interested in the teaching and learning of special and general relativity at the school level. The 
format will provide an opportunity to present new teaching approaches and to discuss findings 
on teacher and student perspectives that will contribute to promote Einsteinian physics as an 
important part of physics education in the 21st century. 

Introduction of S02
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2 Symposium Overview  

Even though the theory of relativity challenges teachers and students alike, we argue that the 
far-reaching scientific, philosophical and cultural impact of special and general relativity is 
too important to ignore in science classrooms. Thus, a goal of this symposium is to provide a 
coherent set of contributions that encourage a fruitful debate on how to make relativistic 
concepts more accessible and how to support teachers and students. The four contributions 
address these issues from multiple angles presenting both teacher and student perspectives.

Specifically, the four contributions present  

1. the development of a teacher professional learning workshop on the general theory of 
relativity 

2. a comparison between Israeli and Hungarian physics high school teachers' attitudes 
towards general relativity assimilation in the curriculum 

3. a comparison of high school students’ responses to short and long intervention 
programs on Einsteinian physics

4. experiences with teaching general relativity to upper secondary school students 
without special relativity.
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Developing a teacher professional learning workshop on the 
General Theory of Relativity

Stuart FARMER 

Institute of Physics, 37 Caledonian Road, London, N1 9BU, UK 

Abstract. The development of a teacher professional learning workshop to support the General 
Relativity section of the Scottish Qualifications Authority Advanced Higher Physics course for 
17-18 year old secondary school students is described. This professional learning workshop is 
designed to support the development of teachers’ subject matter knowledge and pedagogical 
content knowledge so they are better able to provide a conceptual, non-mathematical approach 
to teaching curved spacetime, spacetime diagrams and evidence of the tests for General 
Relativity. The professional learning workshop draws on a number of resources including the 
educational outreach materials from the Perimeter Institute.

1 Background  

In 2015 the Scottish Qualifications Authority (SQA) updated the Advanced Higher Physics 
course [1] for final year secondary school students. For the first time the course contained a 
number of more modern physics topics such as quantum physics, stellar physics and the 
General Theory of Relativity (GR). This meant here was a significant need for professional 
learning to support teachers teach the new GR content. In my role as Institute of Physics 
Teacher Network Co-ordinator in Scotland I sought to develop professional learning support 
and teaching materials to support Scottish physics teachers.  

I first became aware of the Perimeter Institute (PI) educational resources in 2014. I 
subsequently worked with the PI educational outreach team to make PI resources [2, 3, 4] 
available to Scottish teachers in a way that fits with the new curriculum.  

2 Structure of the Workshop 

The workshop is usually delivered as a 2 hour one-off session. It begins, as for many PI 
sessions, with discussion of the role of models in physics. This naturally leads into a 
comparison of Newton’s ‘Force Model’ and Einstein’s ‘Acceleration Model’. Spacetime 
diagrams are introduced in a way which builds on the use of simple descriptions and 
calculations using the equations and graphs for uniform accelerations in free-fall. This builds 
on likely secure classical physics knowledge of delegates. Delegates, use tape to trace out the 
paths of objects through both flat and curved spacetime, comparing the motions of the objects. 
This emphasises that the ‘Acceleration Model’ of gravity is consistent with curved spacetime 
and with observations. 

Having established the equivalence principle this is explored in relation to light paths in 
spacecraft in deep space and in a gravitational field.  The implications of this for clocks at the 
front and back of accelerating spacecraft are then discussed and the link is made that clocks 
therefore run at different rates at different altitudes in gravitational fields. 

The delegates then have the opportunity to use Lycra® gravity wells and marbles to model 
curved spacetime. Delegates are asked to evaluate the model and how it relates to a previous 
activity with a beach ball, including the comparison of positive and negative curvatures and 
how this relates to the relative time dilation at different points on the curved surfaces. 

The workshop is completed by discussing the Einstein’s tests for the GR, plus additional 
tests which are now available. Hands-on teaching strategies which can be used to visualise 
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some of these are introduced and delegates given the opportunity to use them. These include 
using wine glasses and another tape activity to model gravitational lensing reinforcing the 
representations of constant velocities and accelerations in the flat and curved spacetime 
activities from before. The session concludes with the discovery of gravitational waves being 
as predicted by Einstein’s ‘Acceleration Model’ of gravity. 
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A comparison of high school students’ responses to core and derived 
concepts of Einsteinian physics using short and long intervention programs

Rahul Kumar CHOUDHARY*, Alexander FOPPOLI, Tejinder KAUR, David BLAIR, Marjan 
ZADNIK

The University of Western Australia, 35 Stirling Highway, Crawley 6009, Western Australia
*rkc.girija@gmail.com

Abstract: The need for modernising school physics to encompass the fundamentals of 
Einsteinian physics is widely recognised. While the ability of students to comprehend 
Einsteinian qualitative concepts has been demonstrated, little data exists to determine the best 
age and the time required for introducing Einsteinian concepts. Furthermore, we have little 
knowledge of how conceptual understanding depends on academic talent. In this paper, we 
compare 4-hours interventions with students in Years 7-10 with a 10-lesson (10-hours)
intervention program with students of Year 7, which teaches similar material at greater depth.
We further compare these results with a 15-lesson program (15-hours) and find similar results. 
Short interventions were shown to be effective for introducing the core concepts of Einsteinian 
physics, but rather ineffective in communicating the derived concepts. 

1. Introduction

We discuss the ability of school students to accept the fundamental concepts of Einsteinian 
physics, and also the time required to embed these ideas into their thinking. 

In a series of short interventions conducted during in this research, we found that short 
interventions are effective in introducing the core ideas of Einsteinian physics, and rather 
ineffective in communicating the derived ideas. [1]

We categorised the concepts in the following way. The basic ideas, which have been 
comparatively easy to understand, were termed as ‘core concepts’, for example: “gravity is the 
warping of space-time” or “light travels as a stream of particles (photons)”. Those concepts,
which are derived from the core concepts, were termed as ‘derived concepts’, for example: 
‘momentum of photons can cause uncertainty in measurement”.

We compared our results from the short intervention (4 hours in a one-day program) with that 
of long intervention (10 lesson program of 1 hour each, spread over 3-weeks). The 10-lesson
program, which provided more time for students to deepen their understanding through 
worksheets and follow-up sessions, led to much greater uptake of derived concepts. We also 
observed a greater uptake of concepts by academically talented (as identified by their schools) 
students compared to mainstream students.

2. Results

We used pre-/post- test questionnaires to measure student’s conceptual understanding and 
attitude.

The main results from the short (4-hour) and long (10-hour) programs are as follows: 
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Figure 1(a) & (b) [Left and Right respectively]: Pre and post test scores of 24 and 27 students of Year 7 mainstream 
and high performance learning (HPL) students respectively arranged in ascending order of the pre-test results. We 
observe that all students undergo a substantial improvement in their scores after the programs. The improvements 
of all students are independent of their pre-test scores. The average improvement is by a factor of 4.2 and 3.5 
respectively for mainstream and HPL students respectively.

 

Figure 1(c): Pre and post test scores for 24 students of Year 7 arranged in ascending order of the pre-test results. 
We observe that five students did not show any change in their score, four students scored lower and the rest 
scored significantly higher after the programs. The average improvement is by a factor of 1.5

Further comparison of the mean scores with a 20-lesson program [2] also indicated improved 
results.

Table 1: Comparison between one-day (4 hours), 10-lesson (10 hours) and 20-lesson (15 hours) 
program

One day ( 4 hour lessons 
with Year 7 students)

10 day (10-hour 
lessons with Year 7)

20-lesson (15 hour lessons 
with Year 9)

Pre Post Pre Post Pre Post

Mean scores 27% 53% 22% 78% 27% 89%

3. Conclusion

Our results demonstrate a significant improvement in both short and long interventions for the 
derived concepts as well as the core concepts. It was found that long programs are suitable for 
communicating the derived concepts through reinforcements and follow up sessions. We also 
observed that academically talented students (HPL students in this case) performed better in 
the derived concepts when compared to the mainstream students. 

Reference
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improve students’ understanding and attitude? Phys. Educ. 53 065020
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Comparison Between Israeli and Hungarian Physics High School 
Teachers' Attitudes Towards general relativity Assimilation in 

the Curriculum
Fadeel JOUBRAN 1  

The Academic Arab College of Education in Israel, Haifa, Israel 
Laszlo  VARNAI 2

Padányi Katolikus High school, Veszprém. Hungary. 
 

Abstract. On the assumption that any successful change on the curriculum is largely dependent on teachers being 
positive about it, we assessed and compared between 134 physics high school teachers' attitudes towards general relativity 
Assimilation in the Curriculum by online questionnaire, 71 from Israel and 63 from Hungary. We assessed and compared 
five issues related to pedagogical knowledge and content knowledge. The results showed that teachers in both countries 
think that teaching general relativity in high school, has obstacles like lack of time and content knowledge. However, the 
high level of general relativity mathematics is not an obstacle in teaching general relativity.

1 Introduction 

General relativity (GR) is not part of physics curriculum in most countries in the world, 
including Israel and Hungary, that have similar physics curriculum, population and PISA test 
score. On the assumption that any successful change on the curriculum is largely dependent on 
teachers being positive about it, teachers' attitudes towards GR assimilation in the curriculum in 
the two countries were assessed and compared by an online questionnaire covering five issues: 
the degree of past and current GR knowledge, expectations of obstacles in implementing GR in 
the classroom, degree of importance teaching GR as mandatory, degree of importance teaching 
GR as internal elective and coping with mathematics difficulty. 

2 Results 

We found that the majority of the Israeli and Hungarian physics high school teachers, 69% 
and 83% respectively, have studied GR in the past. However, regarding to the current 
knowledge, only 18% and 23% of the Israeli and Hungarian physics high school teachers, 
respectively, think that their knowledge of GR is sufficient.
Israeli physics high school teachers think that the main obstacle of teaching GR is time pressure, 
however, the Hungarian physics high school teachers think that the main obstacles of teaching 
GR are content knowledge and student responsiveness. 
When we asked the teachers about the degree of teaching GR as mandatory, only 22% and 26% 
of Israeli and Hungarian teachers, respectively agreed to its importance. However, when we 
asked the teachers about the degree of teaching GR as elective or internal, 62% and 36% of 
Israeli and Hungarian teachers, respectively agreed to its importance. 
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3 Conclusion 

Regarding to the comparison between the two countries, we think that there are some 
similarities and other differences in teachers' attitudes, due to sociocultural issues and 
educational system in the two countries. We think that both researchers and education decision 
makers should take in account teachers' attitudes in any curriculum changes proposals. 
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Teaching General Relativity to Upper Secondary School 
Students without Special Relativity 

Matěj RYSTON 

Department of Physics Education, Charles University, V Holešovičkách 2, 180 00 Prague 8, 

Czech Republic 

Abstract. In the Czech Republic it is not mandatory for schools to teach Special Relativity, the 
knowledge of which is traditionally required when dealing with General Relativity. Therefore, 
when we created a one-time seminar meant to popularize General Relativity among upper 
secondary school students, we had to account for the fact that students attending this voluntary 
activity might not be familiar with Special Relativity. Not wanting to increase the length of the 
already two-hour seminar, we decided to circumnavigate this obstacle. The train of thought of our 
seminar as well as used activities will be described in this contribution. 

1 Introduction 

Modern relativity (as opposed to classical relativity) is a subject deemed very abstract and 
difficult to learn; yet, its apparent paradoxes and astrophysical predictions make it intriguing to 
young learners. There is an ongoing debate whether relativity should be taught in secondary 
school and if so, to what extent. Of course, this debate varies from country to country as does the 
curriculum. In the case of Czech Republic, teaching Special Relativity (SR) in upper secondary 
school is not currently mandated by law but many schools still teach it (or rather the very basics 
of it) because it used to be mandatory in the past. General Relativity (GR), on the other hand, is 
not and has never been typically taught in secondary school. Such is the case probably in many 
other countries, because GR is considered more abstract and mathematically difficult than its 
Special predecessor. Nevertheless, we can recently find projects around the world (such as [1] or 
[2]) aimed at finding ways to introduce students to GR without necessarily delving into complex 
mathematics.

2 Seminar for students 

One of the ways we chose to spread knowledge of GR among students is a voluntary one-time 
seminar which we offer to physics teachers for their students to take place at their school. The 
main goal of the seminar is to explain what General Relativity is and what some of its real world 
applications are. To be more precise, because GR states that gravity is essentially spacetime 
curvature, we spent most of the time building up understanding of this concept. We also 
mention some historic experiments in support of GR as well as some modern ones. The form of 
the seminar is a lecture accompanied with practical activities meant to help students understand 
abstract concepts, especially curvature itself. 

The main obstacle we face is that students that come to our seminar are not necessarily 
acquainted with SR and the concept of spacetime which makes introducing the curvature of 
spacetime understandably more difficult. We decided against including a treatment of SR in our 
lecture because it takes valuable time away from the GR part. Time is a limiting factor because 
the longer the lecture is, the less likely students are to keep their attention until the end or come 
at all. We think that the present length of about 110-120 minutes is quite enough for the students. 
We also wish not to restrict our audience to only those students who have had SR in their physics 
classes, because those students are typically a very small minority (the most common in our 
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3 Conclusion 

Regarding to the comparison between the two countries, we think that there are some 
similarities and other differences in teachers' attitudes, due to sociocultural issues and 
educational system in the two countries. We think that both researchers and education decision 
makers should take in account teachers' attitudes in any curriculum changes proposals. 
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country is for the students to have SR in a special physics seminar in the last year of upper 
secondary school), which would result in severely limiting our possible audience.  
 We therefore decided to account for this problem in a following way. First, we reformulate 
the concept of spacetime curvature by saying that “space and time in the presence of gravitation 
don’t behave as we would expect them to”. We then split the problem into time curvature (i.e. 
gravitational time dilation) and spatial curvature. The latter, being too abstract for a human mind 
to imagine, is immediately simplified to surface curvature, which is possible for us to visualize, 
has foundation in our everyday experience and, most importantly, gives us the ability to work 
with real objects, thus providing students with tangible activities to support their understanding. 
The activities will be discussed in detail in the contribution. Finally, after we have gone through 
both time and spatial curvature, we combine these two concepts by asking: “Why does an object 
originally at rest start falling in the presence of gravity?” This question cannot be answered by 
time or spatial curvature alone. To answer it, we construct a simple two-dimensional spacetime 
diagram and show that it is the “movement” of the object in time that causes its position in space 
to change in the presence of gravity (in other words, its spacetime trajectory is curved). In doing 
so, we stress out that time and space are in relativity inseparable and form one entity called 
spacetime. 

3 Conclusion 

So far, the above mentioned seminar was held two times. We have been gathering feedback 
from the students and the material and used activities are still being refined. We hope to address 
more and more students as well as physics teachers, to help them incorporate basics of GR in 
their teaching if they wish.  

The seminar, tangible activities as well as feedback from the students will be discussed in the 
contribution. 
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Abstract. Energy is a unifying topic in physics at all levels and often one of the first abstract 
concepts that students encounter in primary school.  Even at more advanced levels, treatments 
of energy tend to stop short of introducing quantization and the equivalence of mass and 
energy.  Therefore, many students who do not take a rigorous secondary school course, or 
university-level courses are not exposed to these ideas at all.  In this symposium, researchers 
will describe projects that address the specific challenges presented by the treatment of energy 
in modern physics.  

1 Symposium focus 

Energy is a unifying topic in physics at all levels and often one of the first abstract 
concepts that students encounter in primary school.  At more advanced levels, 
treatments of energy tend to emphasize the different forms of energy but stop short of 
introducing quantization and the equivalence of mass and energy.  Many students who 
do not take a rigorous secondary school course, or university-level courses are not 
exposed to these ideas at all.  As a result, these topics may be poorly understood even 
by people with a strong background in physics.  At the same time, as with many topics 
in modern physics, these ideas feature prominently in popular culture - with E=mc2

being the only physics equation most people recognize, though few can explain what it 
means or why it plays such a significant role in the development of the theories of 
physics. The increased visibility of quantum information and quantum computing also 
increase the need for teaching and learning sequences that allow students to appreciate 
the nature and implications of quantization.  In this symposium, researchers will 
describe projects that address the specific challenges presented by the treatment of 
energy in modern physics.   
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Abstract. The fundamental concepts of mass and energy were the basis for a change of 
theoretical perspective in modern physics, starting from Einstein's work of 1905 and the 
relationship E0 = mc2. To achieve mastery of these concepts and changes, we realized a
didactic path for secondary school students in the theoretical framework of Model of Educational 
Reconstruction [1], developed as a result of pilot experiments with the methodology of Design 
Based Research. The cardinal points of the rationale emerge from the re-elaboration of operative 
proposals following the student learning. Here we present the path experimented and the 
conceptual nodes emerged.

1 Introduction  

The physics of the last century finds its origin in a process of rethinking and rebuilding of the 
founding concepts, which has led to new ideas in the scientific field. An example of this can be 
found in the genesis of Special Relativity (SR), in which the principles had a fundamental role in 
the founding of the theory, bringing it for some aspects in contrast to the classical mechanics, as 
in the case of the inertial mass and its conservation for matter transformations.

From the educational point of view, a teaching approach of this topic at the secondary school 
level must allow the students to face the conceptual and interpretative problems involved. In this 
framework, the phenomena exploration can play an important role in the activation of the 
conceptual change for the scientific thinking [2,3] especially when the introduced topic has 
aspects that conflict with prior knowledge and/or everyday cognition, as in the case of SR.

For this reason, and to privilege the gain of conceptual understanding, we decided to build an 
educational path with a phenomenological approach from Newtonian mechanics to relativistic 
dynamics, leading to the introduction of the mass/energy correlation. Each proposed 
“phenomenology” focuses on specific aspects or concepts, that can suggest new hypotheses to 
learners, causing a knowledge restructuring process and generating accommodation in students’ 
mental frameworks [4].  

The T/L path, realized in the framework of Model Education Reconstruction, has built up 
using the responses of the students in the experimentations, focusing and refining the activities 
proposed, aiming to tackle the main conceptual nodes and following the methodology of the 
Design Based Research. 

2 Outline of the T/L path. 

The educational path can be categorized in 5 main blocks, as follows. 

Crisis of classical mechanics. 
Pivot point of this part is the analysis and the discussion of the results of measurements of the 

velocity and the kinetic energy of relativistic electrons, carried out by W. Bertozzi [5] at the 
Stanford linac in early 1960s. It allows a rethinking of concepts as “work”, “kinetic energy” and 
“theorem of kinetic energy” from an operative point of view, showing that they are extendable to 
kinetical domains in which the Newtonian forecasts fail. The expected results of this activity is 
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the acknowledge of the existence of a limit velocity for the electrons and the inadequacy of the 
classical formal definition of the kinetic energy for a point mass. 

Postulates of special relativity and the proper time. 
Einstein’s postulates are introduced, outlining the importance that the author attains to the 

operative definition of concepts like “frame of reference”, “measure of time intervals” and so on. 
This is done by analyzing though experiments and tools (“on a beam of light”, the “light clock”). 
A discussion on the time dilation effect and the pivotal concept of proper time and its invariance 
is carried out by using simple simulations. 

The relativistic ' dynamics '. 
Aim of this part is to show how the classical linear momentum can be extended in the 

relativistic framework, building a vector quantity proportional to the velocity, addictive for 
composed systems and conserved in collisions. In order to obtain for  this quantity the well know 
expression P = m (v) v for a point mass, the invariance of the proper time is imposed while 
analyzing the thought experiment of the completely inelastic collision of two point masses.  

Finally, the role of the function (v) in the definition of momentum constitutes a clue to model 
the kinetic energy dependence on the velocity: a fit of the results of the Bertozzi experiment 
suggests the relation K = m ((v) -1) c2. These two results will be used in the following to discuss 
dynamical situations in terms of conservation of momentum and energy. 

The photon as «Ideal Relativistic object». 
A discussion of the measurements of the radiation pressure of light carried out by Lebedev 

and Nichols [6] is used to introduce the proportionality relation between energy and momentum 
carried by light. Therefore, a photon is modelled as a massless “particle of light”, moving at the 
speed of light and satisfying the proportionality between energy and momentum. 

 In this way, the interaction radiation-matter can be analyzed in terms of conservation of 
momentum and total energy. An example is the thought experiment of the absorption of two 
photons by a point mass. The analysis shows the first example in which the mass of an object 
must change in the absorption/emission of energy, following the Einstein’s relation E0 = mc2.  

Mass and energy relation. 
Mass is a quantity conserved in all the matter transformations in classical physics. As 

example of non-conservation, we discussed with the students the  decay of instable nuclei. We 
used a map of nuclides, ordered in rows and columns by the Z and N numbers of the nuclei,
containing information on mass and on the eventual decay of the isotope. The exploration of the 
map allows to discover a relation between the nucleus mass changes in the decay and the energy 
released, and a quantitative analysis shows that this relation satisfies the Einstein’s relation.
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Abstract. The concept of energy is one of the fundamental concepts of physics. However, the 
existing research shows that many students have problems understanding this concept at all 
educational levels. These problems become even more pronounced when discrete energy levels 
are introduced in modern physics. Student understanding of atomic energy levels was 
investigated within the research on student understanding of atomic line spectra, conducted on a 
large sample of university students (N ≈ 1000). It will be discussed how university students 
reason about atomic energy levels in connection with spectral lines in discrete atomic spectra.

1 Introduction  

Energy is a core concept of physics and and PER community searches intensely how to 
improve to the teaching and learning of this topic. Although energy is one of the most 
investigated concepts in PER, it still presents a great challenge for students at all levels. One 
special part of the topic of energy are the discrete energy levels in modern physics. 

2 Research Context 

The research presented here was a part of the larger project on identifying and addressing 
university students’ difficulties with atomic emission line spectra, which spanned over four years 
[1,2]. The sample included ca. 1000 introductory students from University of Washington and 
University of Zagreb. All students were enrolled in introductory physics courses and the research 
was conducted after students had attended traditional lectures and UW tutorials on atomic line 
spectra within those courses.

The main research question was to which extent the students could relate atomic energy levels 
to specific lines in a discrete line spectrum. In order to probe students understanding, five open-
ended written questions were developed. Students’ answers and explanations were analyzed and 
organized into categories that made explicit their conceptual and reasoning difficulties. An 
example of a question is given in Figure 1.  

Based on student answers and explanations a multiple-choice instrument with 21 items on 
formation of atomic spectra was constructed and administered to additional 71 physics students 
from University of Vienna and to 80 students from University of Zagreb after introductory 
physics courses. 10 questions in the instrument addressed the student understanding of energy 
levels and transitions.
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Figure 1. An example of one question. 

Results and Discussion 

The results indicate that after traditional instruction many students had difficulties in relating 
spectral lines to electron transitions between energy levels. The most frequent error made by 
students (50% - 70%) was to associate each line in a spectrum with a single energy level of the 
source. The results were similar for different groups of students from University of Zagreb, 
University of Washington and University of Vienna. 

After tutorial on atomic line spectra student performance increased considerably. Between 
85% and 95% students were able to relate spectral lines to transitions between energy levels. 
However, some students still had problems with negative energies. These problems need further 
investigation. 

The results from open ended questions and the multiple-choice instrument will be discussed, 
as well as the implications for the teaching of discrete energies.  
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Abstract. Moving from the research tradition on the use of Feynman’s sum over paths approach 
in education, we have developed an educational reconstruction of elementary quantum physics 
which uses Feynman paths at fixed energy and is capable of a simple conceptual explanation of 
discrete energy levels in bound systems. The reconstruction has been found to offer several 
educational advantages, may help students think of quantum physics in a way more akin to how 
the subject is used by scientists, and allows to shed light on the relationship between energy and 
time. 

1 Introduction 

In the traditional teaching of physics in the secondary school, energy is usually first taught as 
an ancillary concept in kinematics, where students have to deal with problems concerning the 
time evolution of pointlike masses, and energy is only marginally useful. Gradually, as students 
proceed onwards in the physics course, energy takes more and more importance, and they should 
be led to reflect upon the circumstance that, in all the problems in which time is irrelevant (for 
example, problems of equilibrium thermodynamics) energy is the central concept to be 
considered for understanding the behavior of a system. 

It would be desirable that in the final year of secondary school, when students are introduced 
to rudiments of quantum physics, such introduction was done first of all in the energy domain, 
i.e. starting from stationary problems. In fact, this is the approach also used in University 
courses, where the first problem students encounter concerns the solutions of the time 
independent Schrödinger equation. Not only are time independent, stationary, fixed energy 
problems easier to solve in quantum physics; they are also those on which the theory gained his 
first historical successes (for example, the explanation of the photoelectric effect and the 
derivation of the energy levels of hydrogen-like atoms). 

The research line on the use of Feynman’s sum over paths approach in education, started from 
the work of E. F. Taylor [1], has had important successes in the past, especially in leading 
students to build a qualitative, conceptual understanding of the basic meaning of the theory. 
However, Taylor’s educational reconstruction, following the route tracked by Feynman’s 1948 
paper on path integrals [2], and the divulgation book QED [3], was formulated in the time 
domain, starting from the time-dependent single particle propagator. A problem of such 
approach is that even a conceptual treatment of simple bound system becomes rather intricate. 

In the last few years, our group provided an innovative contribution by reconsidering the 
educational proposals based on sum over paths, re-elaborate and extend them using a fixed 
energy (time-independent) sum over paths approach [4]. The theory of energy dependent 
propagators (or Green functions) in nonrelativistic quantum mechanics started from the works of 
M. Gutzwiller in the 1970’s [5], and has allowed to obtain several results of theoretical interest. 
Translating such approach to an educational reconstruction essentially allowed us to preserve all 
the advantages of the traditional sum over paths approach, and also to obtain a conceptually clear 
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treatment of the emergence of discrete energy level in bound systems, and of the time-energy 
uncertainty relationship. 

2 Description of the approach 

Similarly to other proposals based on sum over paths, educational sequences based on our 
approach devote a significant amount of time to analyze experiments which show the need for a 
new model for light and matter, going beyond the classical wave and corpuscle models. When 
the “rules of the game” of Feynman’s model are introduced, the experimental situation 
considered follows the usual source-to-detector philosophy [6]. However, the experimental 
situation is explicitly described as stationary: what we are considering is a source which will emit 
a photon at an unspecified time, and a detector which may reveal the photon at any time, or not 
detect it at all. What is being computed is the probability that the photon arrives at a detector 
placed in a certain position, independently of when this could happen.   

As one may rapidly understand, the difference between the two approaches is only conceptual 
but of no relevance to the calculations until only problems concerning a free quantum object 
constrained by insurmountable obstacles (free evolution, two slit interference, single slit 
diffraction) are considered. However, it becomes significant when considering simple one-
dimensional bound systems. In fact, by considering all possible paths between a source and 
detector both placed within the confining potential, including paths which go from source to 
detector through an arbitrary number of roundabouts in the potential, one can efficiently find the 
energy levels (and, if necessary, the stationary wavefunctions also) as the sole values of energy 
for which the probability of detection is non zero. Furthermore, by considering the situation in 
which instead only a finite number of paths from source to detector are allowed, for example 
because there are experimental constraints which limit the possible time at which a detection 
event may happen, one obtain an elegant and conceptually meaningful explanation of the time-
energy uncertainty relationship. The above ideas allow for a simple graphical representation 
which uses very little mathematics, since complex amplitudes are replaced by vector arrows; 
educational sequences designed based on our approach generally use GeoGebra simulations, 
either pre-made or constructed by students themselves with the help of the teacher, to obtain an 
efficient visualization of the results of Feynman’s model for a given problem.  

3 Conclusions 

In the talk we will discuss the features and results of teaching-learning sequences designed by 
our group and based on a time-independent, fixed energy sum over paths approach. We will 
concentrate on describing how our approach can help students understand the relationship 
between energy and time, both in physics as a whole and in quantum physics in particular.   

References  

[1] E.F. Taylor, S. Vokos, J. O’Meara & N.S. Thornber Teaching Feynman’s sum-over-paths quantum theory. 
Computers in Physics, 12(2), 190-199 (1998). 

[2] R. P. Feynman, Space-time approach to non-relativistic quantum mechanics, Rev. Mod. Phys. 20, 367 (1948) 
[3] R. P. Feynman, QED: The Strange Theory of Light and Matter (Princeton University Press, Princeton, 1985)  
[4] M. Malgieri, P. Onorato & A. De Ambrosis, A, A sum-over-paths approach to one-dimensional time-independent quantum systems. Am. J. Phys., 84(9), 678-689 (2016).  
[5] Gutzwiller, M.C. “Phase integral approximation in momentum space and the bound states of an atom,” J. 

Math. Phys. 8(10), 1979–2000 (1967). 
[6] Dobson, K., Lawrence, I., & Britton, P. The A to B of quantum physics. Phys. Ed., 35(6), 400 (2000).  

  

Educational reconstructions of quantum physics using the sum 
over paths approach with energy dependent propagators

Massimiliano MALGIERI  

Department of Physics, University of Pavia, Via A. Bassi 6, 27100 Pavia, Italy 

Pasquale ONORATO  
Department of Physics, University of Trento, Via Sommarive 9, 38123 Povo (TN), Italy 

Abstract. Moving from the research tradition on the use of Feynman’s sum over paths approach 
in education, we have developed an educational reconstruction of elementary quantum physics 
which uses Feynman paths at fixed energy and is capable of a simple conceptual explanation of 
discrete energy levels in bound systems. The reconstruction has been found to offer several 
educational advantages, may help students think of quantum physics in a way more akin to how 
the subject is used by scientists, and allows to shed light on the relationship between energy and 
time. 

1 Introduction 

In the traditional teaching of physics in the secondary school, energy is usually first taught as 
an ancillary concept in kinematics, where students have to deal with problems concerning the 
time evolution of pointlike masses, and energy is only marginally useful. Gradually, as students 
proceed onwards in the physics course, energy takes more and more importance, and they should 
be led to reflect upon the circumstance that, in all the problems in which time is irrelevant (for 
example, problems of equilibrium thermodynamics) energy is the central concept to be 
considered for understanding the behavior of a system. 

It would be desirable that in the final year of secondary school, when students are introduced 
to rudiments of quantum physics, such introduction was done first of all in the energy domain, 
i.e. starting from stationary problems. In fact, this is the approach also used in University 
courses, where the first problem students encounter concerns the solutions of the time 
independent Schrödinger equation. Not only are time independent, stationary, fixed energy 
problems easier to solve in quantum physics; they are also those on which the theory gained his 
first historical successes (for example, the explanation of the photoelectric effect and the 
derivation of the energy levels of hydrogen-like atoms). 

The research line on the use of Feynman’s sum over paths approach in education, started from 
the work of E. F. Taylor [1], has had important successes in the past, especially in leading 
students to build a qualitative, conceptual understanding of the basic meaning of the theory. 
However, Taylor’s educational reconstruction, following the route tracked by Feynman’s 1948 
paper on path integrals [2], and the divulgation book QED [3], was formulated in the time 
domain, starting from the time-dependent single particle propagator. A problem of such 
approach is that even a conceptual treatment of simple bound system becomes rather intricate. 

In the last few years, our group provided an innovative contribution by reconsidering the 
educational proposals based on sum over paths, re-elaborate and extend them using a fixed 
energy (time-independent) sum over paths approach [4]. The theory of energy dependent 
propagators (or Green functions) in nonrelativistic quantum mechanics started from the works of 
M. Gutzwiller in the 1970’s [5], and has allowed to obtain several results of theoretical interest. 
Translating such approach to an educational reconstruction essentially allowed us to preserve all 
the advantages of the traditional sum over paths approach, and also to obtain a conceptually clear 
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Abstract. We present a sequence of activities designed to stimulate students toreflect on the 
nature of light, the different models (ray, wave, classical and quantum particles) used in 
teaching and learning optics, and tohelp them evaluate the profound meaning ofthe 
"correspondence principle". 
In fact,optics is a paradigmatic case where different scientific models are proposed in the 
University (and high school) courses. Even the oldest of these models have non empty domains 
of validity and  bothMaxwellian electromagnetism and geometrical optics are largely still used 
in the Physics curricula. Thus students are often puzzled, and think that each of these theories 
works in a specific domain, without any connection onewith the other.  

 
Alongthe physics curriculum, in the University (and high school) courses, students meet three 
different models of light, at three different levels of complexity: light as a ray (geometrical 
optics), light as a wave (optic wave) and light as a beam of photons (quantum physics). 
Since different scientific models are proposed in the courses many educational papers in the 
past were focussed on students’  or teachers' perceptions about models in optics, also because 
misconceptions in optics could  be related to the underlying models.   It was found that 
students use different, often inappropriate, models in explaining various physical phenomena 
such as colour, refraction, diffraction [1]; students use hybrid models in explaining 
phenomena related to geometrical and physical optics[2] and often  the models used by 
students to explain these phenomena do not match the scientific models[3]. The majorityof 
studies by physics education researchers were focussed on the wave-ray dichotomy and 
onlyrecently phenomena, usually explained by a particlemodel of light, were analyzed[4]with 
the aim of understanding what mental models students formabout the nature of light, and 
whether  students’ mental models about light change with the context. 
In this work we present an activity sequencein which students are confronted with a 
succession of phenomena, chosen to be as close as possible to their daily experience. For each 
phenomenon students derive a phenomenological law then they build a model. 
At each stepconceptual change may be stimulated from the observation of the new 
phenomenon, which will constitutean anomaly compared to the previous model. Thus the 
development of a new model will be needed.  
The activity sequence has a total duration of about 12 hours and is structured according to the 
following steps: 

a) Light refraction, studied quantitatively through Snell’s Law, which can be explained 
through a ray model. 

b) Chromatic dispersion as observed in the rainbow. This is an anomaly for the 
achromatic ray model, therefore it requires the development of a new model: the ray 
model with refraction index dependingon the wavelength of the emitted light.  

c) Light absorption, studied quantitatively through Beer's Law [5]; the inadequacy of the 
previous model is shown. As a result, a new one is needed: the corpuscle model with 
classic behavior.  
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d) Light interference: fringes in soap films [6] show the inadequacy of the corpuscular 
model, which is replaced by the wave model. To discuss the interference in a more 
quantitative and detailed way students perform measurements on the interference 
fringes of a double slit experiment.   

e) Finally the photoelectic effect is qualitatively observed and subsequently 
quantitatively studied with an experimental set-up (photodiode). Einstein's 
interpretation shows students the inadequacy of the wave model in favour of a 
quantum photon model. 

f) A qualitative explanation of the beahaviour of the quantum object is given starting 
from the sum over path approach[7,8]. 

Each step from a) to e)  is characterized by activities where the students are really engaged in 
performing  experiments, simulations and toy models.   
During the activities, we discuss with students step by step how the new model, is related to 
the previous one on the basis of the  "correspondence principle" which denotes the 
requirement that any new theory reduces to an older theory when it gets applied to the older 
theory’s domain of validity. Thus each new model must also be able to explain the 
phenomena belonging to the validity domain of the previous model; this should work up to 
arrive toa coherent explanation of the whole phenomenology based on the quantum model.  
Before, during and after the activities with students we asked them questions aimed at 
understanding their opinion and general perspective on physics; thus we collected databoth 
from multiple-choice items and interviews. The questions we pose focus on students’ general 
epistemological understanding of the "correspondence principle".  In fact often students 
conceive physics as a set ofdisjointed phenomenological domains, to each of which a different 
theoretical model must be applied [9].Questions generally involve asking students whether a 
model of light is able to explain phenomena typically represented with another model, e.g. 
can wave optics explain refraction? 
Results confirm that students are often confused by the use of different models to describe 
optical phenomenaand consider each model as limited to a narrow and specific set of 
phenomena. The idea of a correspondence principle, requiring that new physical theories do 
not contradict previous ones, but extend and generalize them, is in most cases foreign to 
students’ thought. 
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Abstract. The Active Learning of Physics is a modern methodology for teaching that can help us
to improve the teaching-learning process in the classroom. We explore this possibility by means 
of Interactive Lectures Demonstration for the Ohm’s law, electric circuits and Faraday’s law 
teaching with university students from Bogota, Colombia. Also, we used the semiotic triangle in 
order to understand electromagnetic concepts. We obtained a positive improvement as we can 
show through the Rasch analysis and the learning gain factor of Hake. 

1 Introduction 

This work shows the results of the application of a strategy to guide the teaching-learning 
process of general concepts of electricity and magnetism at the university level. In the 
development of the research, learning activities were built linking the Prediction, Observation, 
Discussion and Synthesis (PODS) cycle of Active Learning in Physics [1], the Interactive 
Lectures Demonstrations with the support of virtual laboratories [2], over a semester of the 
course Electricity and Magnetism taken by 140 engineering students in Antonio Nariño 
University of the South Campus of Bogotá DC Colombia. To demonstrate the advantage of this 
teaching methodology, it was necessary to take into account different approaches to semiotics [3] 
and statistics applied to educational research [4], as well, as apply to experimental groups and 
control groups, a test of 23 questions that was designed and validated locally. The test was 
applied to both groups during the pretest phases (to take into account their level with their 
previous knowledge), and the posttest (once one of the two teaching methods has been applied). 
The results of the application of the test in each case and in each phase, were collected and 
subsequently analyzed using different models such as: The Hake efficiency factor as a 
comparative quantitative indicator, the parametric statistical analysis of the Student's t test as the 
second quantitative indicator , the concentration factor as an indicator of students' thinking 
models and the Rasch statistical model [5] as an indicator of the skills acquired by the students 
during the development of the classes. 

2 The Rasch curves 

The Rasch model, named after Georg Rasch, is a family of psychometric models for creating 
measurements from categorical data, such as answers to questions on a reading assessment or 
questionnaire responses, as a function of the trade-off between (a) the respondent's abilities, 
attitudes, or personality traits and (b) the item difficulty [4-5].

The curves were calculated of response to the Item corresponding to the Rasch model, for the 
questions of a test prepared for this purpose, these curves are obtained for the application of the 
test before the teaching process and after this process. The analysis was made for 140 students of 
experimental groups and 46 for control group. 
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In this way we can compare both gains and see if the gain obtained in the experimental group 
was greater than or equal to that of control group. This gives us a criterion, by which we can 
conclude if the active methodology of teaching has worked or not, and it works in our case. 

For Ohm’s law mean value of ability parameter for the control group in the posttest phase was 
0.393, and for the pretest was -0.599, therefore there is a Rasch gain in the ability parameter of 
0.922. On the other hand, the experimental group has a mean value of the parameter ability in his 
posttest phase of 0.9793 and pretest phase of -1.3, which give us a Rasch gain of 2.2793. The 
results clearly favor the experimental group.  

3 Conclusion 

In the analysis of the results, it was observed that the students who approached the course 
under the proposed methodology obtain better results in terms of the learning gain, the approach 
to a model of thought according to the scientifically accepted models and the development of 
skills for solve correctly problems of electricity and magnetism, thus allowing to affirm that the 
proposed activities and their implementation methodology allow improving the teaching of 
fundamental topics of the course of Electricity and Magnetism taken by engineering students of 
the Antonio Nariño University, and manages to direct the reasoning student to a point where he 
achieves a correct thinking model that agrees with the scientific models of the experts. 

For our case, the learning measured by the procedure described in the above paragraph it 
gives us a gain of the higher ability parameter in the experimental group that in the control group 
in several of the questions of our test. On the other hand, the Hake gain for the control group was 
0.46 and for the experimental group was 0.70 (which a high gain). From this results, we have 
concluded that the didactic methodology of Active Learning well employed, leads to advantages 
in the educational level of students, for learning the Ohm’s law, electric circuits and Faraday’s 
law in students of university level, at least in this Colombian school. 

Acknowledgements 

The authors want to express their gratitude to the SIP20196060 project of the National 
Polytechnic Institute and the National Council of Science and Technology (CONACYT) of 
Mexico, for all the support received in the realization of this work. 

References  

[1] D. Sokoloff & R. Thornton, Interactive Lecture Demostration Active Learning in Introductory Physics. USA, 
John Wiley & Sons Inc, 2004.

[2] D. F. Becerra, C. Mora, A. F. Ordóñez, R. Sánchez, Enseñanza de la Ley de Ohm utilizando laboratorios 
virtuales con estudiantes de ingenierías de la Universidad Antonio Nariño, Lat. Am. J. Phys. Educ. 10,
(2016) 4304.  

[3] M. Tseitlin & I. Galili, Science Teaching: What Does It Mean?, Science & Education 15, Issue 5, (2006) 
393–417.

[4] D. F. Becerra-Rodríguez, Uso de simuladores en la enseñanza de conceptos generales de electricidad y 
magnetismo en estudiantes de Ingeniería. Ph.D. Thesis. Instituto Politécnico National, CICATA-Legaria, 
Mexico, 2018.

[5] G. H. Fischer, I. W. Molenaar, Rasch Models, Foundations, Recent Developments, and Applications,
Springer Verlag, 1995. 



111

  

The teaching of special relativity theory with Peer Instruction 
Manuel S. Alvarez Alvarado, Carlos Alberto Martínez Briones

Facultad de Ingeniería Eléctrica y Computación, Escuela Superior Politécnica del Litoral, 

Guayaquil, Ecuador. 

Abstract. This research focuses on Peer Instruction (PI) as a methodology to address the 
alternative conceptions in Einstein’s special relativity. There is evidence that PI has an impact on 
the academic performance of the students, however, concerning the topic of relativity, it has not 
been previously proposed. Alternative Conception Einstein’s Special Relativity Test (ACESRT)
is proposed to determine students’ alternative conceptions of high school students from Ecuador.
The results were statistically analyzed, and they reveal that PI has a strong impact on students’ 
beliefs and attitudes, furthermore, it helps to address alternative conception in Einstein’s special 
relativity and the methodology.

1 Introduction 

Einstein’s special relativity issue has caused controversy as to whether it should be included 
or not at the high school [1]. In recent decades Ostermann and Moreira [2] proposed to renew 
Physics Curriculum, by taken the following measures: 1) Arouse curiosity in students and help 
them recognize physics as a human enterprise, and therefore close to them. 2) Present physics of 
the last century up today; not stop in 1900, and 3) Using modern physics as motivation toward 
science careers. However, these measures have been criticized for several reasons; for instance, 
the lack of advantage in the use of classical physics to explain modern physics since the laws of 
physics differs between these two. Another point to consider, is the counterintuitive and distant 
character, with little practical use, and trying to explain some concepts are not so easy, moreover 
if the students are from high school. As an example, consider the following statement: “what we 
see is light that objects reflect. Then, what we would see if we travel in a spaceship that moves at 
speed of light?” This question probably will blow up the head of some high school students.  

The scenario of this research is an Ecuadorian school, which offers the course of modern 
physics focused in the unit of special relativity Einstein. The students have difficulties when 
solving problems that require the application of spatial projection and the mathematical 
expression of a physical property. The relevance of this study lies on the problem extension since 
these scenario is only find here, it also happens in institutions in other countries as indicated in 
[3].

2 Peer Instruction 

There are different teaching methodologies; however, one of the most current and used today 
mainly in American universities is the Peer Instruction (PI). According to Mazur [4], PI is an 
instructional method in which the students study as groups of two or three rather than alone. 
Instead of presenting the level of detailed covered in the textbook or lecture notes, it consists of 
many brief presentations on key points. There is a wealth of evidence that peer learning and 
teaching is extremely effective for a wide range of goals, content, and students of different levels 
and personalities. 

This research is developed in a non-governmental high school. The age of students is between 
16 to 17. The study was carried out with the participation of 25 senior students (10 girls and 15 
men) from an Ecuadorian high school located in Tosagua city, Manabí province. A quasi-
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In this way we can compare both gains and see if the gain obtained in the experimental group 
was greater than or equal to that of control group. This gives us a criterion, by which we can 
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In the analysis of the results, it was observed that the students who approached the course 
under the proposed methodology obtain better results in terms of the learning gain, the approach 
to a model of thought according to the scientifically accepted models and the development of 
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experimental type design was used with a pre-test-intervention-post-test scheme with intact 
groups. 

The instructional task used for this study is Einstein’s special relativity, in which 18 hours of 
class are used. In the first lecture, to get information about the attitudes and beliefs of the 
students, the questionnaire of [5] is applied; the time for this task is 30 minutes. Then, a pre-test 
(ACESRT) take place with a view to get information about alternative conceptions that students 
have on the topic; the students have 45 minutes for this task. Later, a lecture following PI is 
applied. In order to obtain students’ academic performance a post-test (ACESRT) take place. In 
addition, with a view getting information about the impact of PI on the students’ attitudes and 
beliefs, Hongsa-Ngiam’s questionnaire is employed again. These results are confronted in a 
statistical analysis to justify the hypotheses raised. 

3 Conclusion 

The adaptation of a new teaching methodology for students turns out to be an unfavorable 
factor for learning. Despite this fact, the learning gain obtained following the Dellwo model is 
0.73. Therefore, PI brings a high gain learning and it brings a pathway for the inclusion of the 
topic in high school curricula. 

The effectiveness of the teaching and learning Physics is one of the main concerns of 
educators around the globe. There is no doubt that beliefs and attitudes are important factors that 
affect students’ learning strategies, furthermore, they influence in the alternative conceptions of 
the students. Therefore, alternative conceptions affect the teaching-learning process and it is part 
of the teacher to find them in order to succeed in the lecture. 
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Abstract. The following work deals with the application of the Active Learning of Physics for 
the teaching of electrical circuits and Ohm's law with high school Mexican students. Also, by 
using the Rasch model analysis, we obtained the advantage of this didactic methodology 
compared with the traditional teaching. For our analysis, we used the Electric Circuits Concept 
Evaluation (ECCE) test and we have obtained a learning gain parameter which can be consider as 
satisfactory.  

1 Introduction 

It is well known that the active teaching methods of physics are not only characterized 
because they help the teacher with an effective and attractive teaching methodology. The Active 
Learning of Physics [1] helps the student to assume a positive and hard-working attitude on his 
own learning process, this allow them to build new knowledge, starting with their previous one.
It also encourages the team participation, and good study habits. In this work, we show the 
application of this methodology with Mexican high school students by means of Interactive 
Lecture Demonstrations. The study was developed in a school located in Yucatan, Mexico. We 
also provide advancement in their learning through the application of Rasch analysis for each 
question of the ECCE test. 

2 The Rasch analysis 

In 1961, Georg Rasch [2, 3] proposed a model to measure the ability parameters of the people 
in an area of knowledge. The model proposes an exponential behavior in the probability of 
correct response by an individual, to an item of a test that can measure traits or skills of the 
person. For example, to measure the probability of a person responding well to a question of 
electrical circuits based on their ability 𝜃𝜃𝑖𝑖 and the level of difficulty of the same 𝛿𝛿𝑗𝑗, we have the 
following function: 

                         𝑃𝑃(𝜃𝜃𝑖𝑖) = exp(𝑎𝑎𝑖𝑖𝑗𝑗(𝜃𝜃𝑖𝑖 − 𝛿𝛿𝑗𝑗)) (1 + exp(𝑎𝑎𝑖𝑖𝑗𝑗(𝜃𝜃𝑖𝑖 − 𝛿𝛿𝑗𝑗))⁄  .                                (1) 

Our interest is in measuring the effectiveness of Active Learning we can achieve this goal 
when we measure the change in the difficulty parameter 𝛿𝛿𝑗𝑗  before and after applying the 
methodology, which implies applying a pretest and a posttest to an experimental group. And 
with the object of comparison, the same procedure takes out in a control group, which typically 
conducts its own learning through a traditional system of education. The Rasch analysis belongs 
to the Item Response Theory (IRT). We have some Item Characteristic Curves (ICC), which are 
giving the probability of a correct answer 𝑃𝑃(𝜃𝜃𝑖𝑖) by the student, as a function of his 𝜃𝜃𝑖𝑖 ability 
parameter, given the parameter of difficulty of the item 𝛿𝛿𝑗𝑗, where 𝑗𝑗 = 1𝑗𝑗 𝑗𝑗𝑗. Then we can get 
the typical graphs of the Rasch model similar to those shown in figure 1.  
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experimental type design was used with a pre-test-intervention-post-test scheme with intact 
groups. 

The instructional task used for this study is Einstein’s special relativity, in which 18 hours of 
class are used. In the first lecture, to get information about the attitudes and beliefs of the 
students, the questionnaire of [5] is applied; the time for this task is 30 minutes. Then, a pre-test 
(ACESRT) take place with a view to get information about alternative conceptions that students 
have on the topic; the students have 45 minutes for this task. Later, a lecture following PI is 
applied. In order to obtain students’ academic performance a post-test (ACESRT) take place. In 
addition, with a view getting information about the impact of PI on the students’ attitudes and 
beliefs, Hongsa-Ngiam’s questionnaire is employed again. These results are confronted in a 
statistical analysis to justify the hypotheses raised. 

3 Conclusion 

The adaptation of a new teaching methodology for students turns out to be an unfavorable 
factor for learning. Despite this fact, the learning gain obtained following the Dellwo model is 
0.73. Therefore, PI brings a high gain learning and it brings a pathway for the inclusion of the 
topic in high school curricula. 

The effectiveness of the teaching and learning Physics is one of the main concerns of 
educators around the globe. There is no doubt that beliefs and attitudes are important factors that 
affect students’ learning strategies, furthermore, they influence in the alternative conceptions of 
the students. Therefore, alternative conceptions affect the teaching-learning process and it is part 
of the teacher to find them in order to succeed in the lecture. 
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Thanks to the Bayesian statistical methods, we have been able to estimate these curves. This 
method permits calculate the difficulty parameters. The mean value of the difficulty parameters 
for the control group was approximately of 𝛿𝛿𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 1.1238 , and the mean value of the 
difficulty parameters for the experimental group was of 𝛿𝛿𝑒𝑒𝑒𝑒𝑒𝑒 = 0.865.Then the difficulty 
parameter for the experimental group improved by an approximately value of their difference 
1.1238-0.865=0.2588. Then we can see that the experimental group achieves better results. In 
contrast, Hake’s gain for the experimental group was 𝑔𝑔𝑒𝑒𝑒𝑒𝑒𝑒 = 0.76 , and for control group 
𝑔𝑔𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 0.39, with a difference of 0.76-0.39=0.37, result that favors the experimental group.
In figure 1 we see the Rasch curves for the control group in its pretest phase. 
  

Fig. 1 Schematic representation of Rasch curves (ICC) for the items of the test,
with a Bayesian approach. 

3 Conclusion 

In our case, afterwards using Interactive Lectures Demonstrations on electrical circuits and 
Ohm’s law, the results obtained in several questions of the ECCE test have been positive, which 
encourages us, to say that the Active Learning of Physics has helped the students of this 
particular school of Merida Yucatan in Mexico. 
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𝑔𝑔𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 0.39, with a difference of 0.76-0.39=0.37, result that favors the experimental group.
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Fig. 1 Schematic representation of Rasch curves (ICC) for the items of the test,
with a Bayesian approach. 

3 Conclusion 

In our case, afterwards using Interactive Lectures Demonstrations on electrical circuits and 
Ohm’s law, the results obtained in several questions of the ECCE test have been positive, which 
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A pinch of hydrogels and liquid crystals in the soup of 
contemporary physics  
Jerneja PAVLIN, Mojca ČEPIČ  

University of Ljubljana, Faculty of Education, Kardeljeva pl. 16, 1000 Ljubljana, Slovenia  

Abstract. Contemporary science develops rapidly. Hydrogels and liquid crystals are part of the 
contemporary science development of material science and offer contexts for stimulating the 
students to learn science. An introduction of physical properties of hydrogels and liquid crystals, 
as examples of novel materials, to pre-service primary school teachers was studied. Based on 
prior knowledge on these topics the teaching modules were designed and evaluated. The 
contribution presents the key findings of the implementation studies. 

1 Introduction 

Physics should present the bridge between innovations and applications as well as correct 
information on phenomena important both; therefore, the physics teacher has to follow the 
current research and development. Novel materials, widely studied in contemporary soft matter 
research are, for example, hydrogels and liquid crystals, which are also used daily but people are 
seldom aware of their existence. Hydrogels are used in products that improve everyday life, like 
diapers, watering beads for plants, perfume delivery, cosmetics due to their ability of loading, 
retaining and releasing fluids [1,2]. They do not behave as sponges as they are resistant to stress 
and they retain water under pressure, which is a key property for the use in diapers. Hydrogels 
used for keeping the moisture in the soil in decorative plant pots quickly absorb water and slowly 
dries, which enables a slow release of water from hydrogel pieces to the soil and to the plants [3]. 
Nowadays, one cannot imagine life without liquid crystals found in laptops, iPods, mobile 
phones, etc. which all have something in common – the liquid crystal display (LCD) [4].

However, students still perceive school physics as irrelevant regarding their out-of-school 
experiences and the society they live in [5]. One of the strategies is to show the relevance of 
physics in the context of everyday objects [6]. The topics, hydrogels and liquid crystals, seem 
more than appropriate contexts because they allow for various hands-on experiments as well as 
environments for introducing several physics concepts. Nevertheless, when considering a new 
topic, which is a part of contemporary research with applications met every day, for adaption for 
teaching, the existing literature is not much of a help, as such studies are almost non-existent.
However, awareness of the preliminary students’ knowledge, and a construction of detailed 
learning objectives are important for design of a teaching module that enables students to gain 
experience by practical activities and incorporation of the new knowledge in the existing 
knowledge network [7].

Therefore, we investigated the pre-knowledge about hydrogels and liquid crystals of 1st-year 
pre-service primary school teachers. Based on the results, the teaching modules about hydrogels 
and about liquid crystals were designed. The contribution reports the data on the pre-knowledge
about hydrogels and liquid crystal, the structure of the teaching modules and results of their 
evaluations. 

2 The teaching modules about liquid crystals and hydrogels 

Students’ knowledge about liquid crystals and hydrogels was tested by a paper-pencil test.
Results of the pre-tests solved by 1st year pre-service primary school teachers show that they on 
average achieved 16 % of the possible points on the liquid crystals test and 6 % on the hydrogels 
test [8, 9]. Students were able to list a few products containing them, in general. This identifies 
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the lack of pre-knowledge on both topics. Therefore, the teaching module should be designed 
from very basics. We used a combination of a traditional lecture accompanied by several 
demonstration experiments and a lab work guided by worksheets for construction and 
comprehension of new ideas. The teaching modules about hydrogels and liquid crystals both 
consist of 90 minutes of lectures for providing the fundamental information about them, about 
their properties and use in applications. The teaching module about liquid crystals has chemistry 
labs (synthesis of the liquid crystal) and physics labs, each in duration of 90 minutes, whereas the 
teaching module about hydrogels has only physics labs in duration of 90 minutes. During the 
physics labs in both topics, students carry out a few experiments, which provide personal 
experience and allow them to investigate the most important hydrogel or liquid crystal 
properties. In the module about liquid crystals, these experiments are recognition of the liquid 
crystalline phase as an additional phase, and the corresponding phase transition, and the 
phenomena related to liquid crystals as polarization of light, double refraction, and colours. In 
the case of hydrogels, these basic experiments are an absorption of water, a density of hydrogel 
pearls, optical properties of hydrogels (refractive index, refraction, lenses, fluorescence etc.), the 
hydrogel pearl in different media, and hydrogels under the pressure. 

Results of the knowledge tests held immediately after the implementation of the modules 
show that pre-service teachers on average achieved 68 % of the possible points on the liquid 
crystals test and 66 % on the hydrogels test whereas their achievements were 64 % and 80 % on 
the regular physics exams a month later. 

3 Conclusion 

The contribution shows that hydrogels and liquid crystals are interesting learning topics worth 
to be included in the teaching of physics, starting primarily with basics. Moreover, the 
contribution shows that the pinch of hydrogels and liquid crystals, as presented in the teaching 
modules, is efficient in transferring contemporary physics discoveries by including basic physics 
in physics classrooms for the 1st year pre-service primary school teachers.

References  

[1] Okay, O. (2009). General properties of hydrogels. In Gerlach, G. (Ed.), & Arndt, K. F. (Ed.), Hydrogel 
Sensors and actuators, Berlin: Springer, 1–14. 

[2] Calo, E., & Khutoryanskiy, V. V. (2015). Biomedical applications of hydrogels: A review of patents and 
commercial products. European Polymer Journal, 65, 252–267. 

[3] Chirani, N., Yahia L., Gritsch L., Motta F. L., Chirani S., & Faré S. (2015). History and applications of 
hydrogels. Journal of Biomedical Science, 4, 1–23. 

[4] Dunmur, D., & Sluckin, T. (2011). Soap, science and flat-screen TVs, A history of liquid crystals. New York:
Oxford University Press Inc. 

[5] Dillon, J. (2009). On scientific literacy and curriculum reform. International Journal of Environmental & 
Science Education, 4, 201–213. 

[6] Tural, G. (2013). The functioning of context-based physics instruction in higher education. Asia-Pacific 
Forum on Science Learning and Teaching, 14, 1–23.

[7] Čepič, M. (2017). Introduction of current scientific results to education: experiences from the case of liquid 
crystals. In Greczylo, T. (Ed.), & Debowska, E. (Ed.), Key competences in physics teaching and learning: 
selected contributions from the International Conference GIREP EPEC 2015, Wrocław Poland, 6-10 July 
2015 (pp. 41–54), Springer Proceedings in Physics, 190. 

[8] Pavlin, J., & Čepič, M. (2017). Hydrogels in the classroom. In Greczylo, T. (Ed.), & Debowska, E. (Ed.),  
Key competences in physics teaching and learning: Selected contributions from the International Conference 
GIREP EPEC 2015, Wrocław Poland, 6-10 July 2015 (pp. 191–201), Springer Proceedings in Physics, 190.  

[9] Pavlin, J., Vaupotič, N., & Čepič, M. (2013). Liquid crystals: a new topic in physics for undergraduates. 
European Journal of Physics, 34, 745–761.



119

  

High School Students Approach Superconducting Phenomena 
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Abstract. Superconductivity is an important context of the ‘900 physics to be integrated in 
secondary school curricula because its theoretical implication and important applications. An 
inquiry based teaching/learning pathway to superconductivity was designed, approaching the 
phenomena of superconduction trough qualitative and quantitative experiments on the 
superconductors’ electrical and the magnetic properties. Research study involved more than 1000
Italian high schools students, using stimuli tutorial and pre-post test. The learning outcomes 
evidenced that the ways in which students account for the phenomenon of levitation of a magnet 
on a superconductor are related to the way they represent the magnetic field trough field line. 

1 Introduction  
Superconductivity is an important context to be integrated in secondary school curricula 

because it is a significant part of the physics of the '900 with important theoretical implications 
and technological applications [1-3]. Different approaches can be adopted: a historical 
reconstruction of the experimental discovery and the main theoretical results; an analysis of the 
technological applications as the MAGLEV train analyzed as an artifact to discover the 
superconducting properties; explorations of the magnet properties or of the electrical conduction 
properties of superconductors [4-6]. An educational approach to superconductivity was designed, 
based on the experimental analysis of the electrical and magnetic properties of superconductors 
[6-7]. Research study was carried out in Italian High Schools, in 10 hours of inquiry based 
activities, conducted using stimuli tutorials and a pre-post test [8-9]. In the present contribution, 
the outline of the educational approach is presented, documenting the main students learning 
paths when they faced the superconductivity phenomena. 

2 The outline of the educational path on superconductivity 
In our perspective, the teaching/learning path on superconductivity offers  the students to face 

how physics operates exploring phenomenology without the support of a consolidated theory. In 
this perspective, the educational path designed in a long-term research follows a 
phenomenological approach where students face the superconducting phenomena, constructing 
step by step the conceptual tools needed to account for it, in the frame of electromagnetism [10-
12]. 

An experimental approach to the Meissner effect shows the magnetic properties of a 
superconductor sample. These properties emerge only in the presence of an external magnetic 
field, and are influenced by changes of this external field. This suggests considering phenomena 
as the electromagnetic induction, used in the classical perspective to account diamagnetism. 
Considering a magnet falling inside a metallic tube, superconducting levitation can be seen as a 
fall down at zero speed. This suggest that the resistivity of the superconductor sample could 
suddenly change when it is cooled in liquid nitrogen. The experimental analysis of the 
breakdown of the resistivity of a superconductor [13] evidences its nature of ideal conductor. The 
link between magnetic and electric ideal properties of a superconductor emerges connecting this 
result with the previous exploration. A qualitative introduction of the BCS theory gives to 
students the basic ideas on emergence of superconductivity. The educational path ends 
considering the pinning phenomena and a model of a MAGLEV train. 
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the lack of pre-knowledge on both topics. Therefore, the teaching module should be designed 
from very basics. We used a combination of a traditional lecture accompanied by several 
demonstration experiments and a lab work guided by worksheets for construction and 
comprehension of new ideas. The teaching modules about hydrogels and liquid crystals both 
consist of 90 minutes of lectures for providing the fundamental information about them, about 
their properties and use in applications. The teaching module about liquid crystals has chemistry 
labs (synthesis of the liquid crystal) and physics labs, each in duration of 90 minutes, whereas the 
teaching module about hydrogels has only physics labs in duration of 90 minutes. During the 
physics labs in both topics, students carry out a few experiments, which provide personal 
experience and allow them to investigate the most important hydrogel or liquid crystal 
properties. In the module about liquid crystals, these experiments are recognition of the liquid 
crystalline phase as an additional phase, and the corresponding phase transition, and the 
phenomena related to liquid crystals as polarization of light, double refraction, and colours. In 
the case of hydrogels, these basic experiments are an absorption of water, a density of hydrogel 
pearls, optical properties of hydrogels (refractive index, refraction, lenses, fluorescence etc.), the 
hydrogel pearl in different media, and hydrogels under the pressure. 

Results of the knowledge tests held immediately after the implementation of the modules 
show that pre-service teachers on average achieved 68 % of the possible points on the liquid 
crystals test and 66 % on the hydrogels test whereas their achievements were 64 % and 80 % on 
the regular physics exams a month later. 

3 Conclusion 

The contribution shows that hydrogels and liquid crystals are interesting learning topics worth 
to be included in the teaching of physics, starting primarily with basics. Moreover, the 
contribution shows that the pinch of hydrogels and liquid crystals, as presented in the teaching 
modules, is efficient in transferring contemporary physics discoveries by including basic physics 
in physics classrooms for the 1st year pre-service primary school teachers.
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3 The research questions, context and methods 
The research questions in the presented research are the followings: 
RQ1) Which  models students activate analyzing the phenomenology of superconduction? 
RQ2) How they frame the Meissner effect and distinguish it from the pinning effect? 
RQ3) Which concepts students use in their explanations of phenomena? 
Experiments in school were performed in 44 Italian sites with different settings and involving 

a total of 1315 students of different age (36 K12-K13; 6 K11). In the majority of cases were 
informal activities monitored just by noting crucial students question, ways to face the 
phenomena and engagement in trials for explanations. In this research study we  consider the 
implementation of teaching superconductivity  in different Italian schools including 412 students. 
Tutorial filled by students during the educational activities (each 8-10 hours), audio-records of 
pieces of classroom interaction and pre/post test are the main sources of data to answer the 
research questions. Qualitative and quantitative analysis of students’ answers was performed.  

4 Results and Conclusions 
From the experiments performed in informal activities, it emerges that students were strongly  

engaged in the exploration of superconduction (95%), when aiming to construct an explanation 
of the phenomena (83%) and of the technological applications analyzed (75%). The research 
study involving 412 high school students showed that students characterize the superconductive 
levitation as a repulsion due to the property acquired by the YBCO at the cooled in the liquid 
nitrogen (81%), distinguishing from pinning described as a rigid link a “repulsion but also 
attraction”(RQ2). The conceptual tools used to make explicit their models was the magnetization 
vector (57%) or the field lines (24%). Students develop models describing the condition B=0 
inside the superconductor (84%), based on the magnet image model (38%) [13] or on the 
electromagnetic induction one (62%) [11]. The ways in which students give account for the 
phenomenon of levitation of a magnet on a superconductor are related to how they describe the 
magnetic fields in the material and magnetic interactions in general [8] (RQ3).

References 

[1] G. Aubrecht, Redesigning courses for the 21stcentury, Am. J. Phys. 57 (1989) 352-359.
[2] D. P. Gil & J. Solbes, The introduction of modern physics, Int. J. Sci. Educ. 15, (1993)  255-260. 
[3] R. R. Hake, Is it Finally Time to Implement Curriculums? AAPT Announcer 30 (4) (2000) 103. 
[4] F. Ostermann, L. M. Ferreira, C. J. H.Cavalcanti, Tópicos de física contemporânea no ensino médio, Revista 

Brasileira de Ensino de Física 20 (1998) 270-288.
[5] F. Ostermann, M. A. Moreira, Física Contemporânea em la escuela secundaria, Revista de Enseñanza de las 

Ciencias 3 (2) (2000) 391-404.
[6] F. Corni, M. Michelini, et al., Curricular Paths in the Supercomet2 Experimentation, in Physics Curriculum 

Design, C. P. Constantinou ed., Nicosia University, Nicosia, 2009, at  http://lsg.ucy.ac.cy/girep2008/intro.htm  
[7] M. Michelini, L. Santi, A. Stefanel, Basic concept of superconductivity, in FFFP12, G. S. Burra, M.

Michelini,  L. Santi eds., Springer, Cham, 2014, 453-46. 
[8] A. Stefanel, M. Michelini, L. Santi, High school students analyzing the phenomenology of superconductivity, 

in WCPE 2012, F. Tasar ed., Pegem Akademiel, Ankara, 2014, 1253-1266.
[9] M. Michelini, A. Stefanel, A. Vanacore, Exploration of students’ ideas about superconductivity, in Active 

learning, L. Dvořák & V. Koudelková, eds, Charles Univ. Prague 2014,  541-551. 
[10] P. G. de Gennes (1999) Superconductivity of Metals and Alloys, Perseus Books, Reading, 4–7.
[11] A. Badìa-Majòs, Understanding stable levitation of superconductors from intermediate electromagnetics, Am. 

J. Phys. 74 (2006) 1136–1142. 
[12] H. Essén, N. Fiolhais Am. J. Phys. 80 (2) (2012) 164-169.
[13] M. Gervasio, M. Michelini, A USB Probe for Resistivity versus Temperature and Hall Coefficient 

measurements, MPTL14 Proceeding, 2009, at http://www.fisica.uniud.it/URDF/mptl14/contents.htm 
[14] V. Arkadiev, A floating magnet, Nature 160 (1947) 330.



121

  

Teaching Particle Physics – Analogies Between Higgs Physics 
and Electromagnetic Superconductivity

Philipp LINDENAU

Technische Universität Dresden, Institute for Nuclear and Particle Physics and Chair of Didactics of 
Physics, 01069, Dresden, Germany

Michael KOBEL
Technische Universität Dresden, Institute for Nuclear and Particle Physics, 01069, Dresden, Germany 

Abstract. Due to its intrinsic complexity in terms of mathematical description, particle physics and 
in particular the Standard Model might not seem a suitable topic to be discussed during high school 
education at first glance. However, by moving away from the precise mathematical description, the 
basic concepts and ideas in particle physics suddenly become much easier to understand. Especially 
since students have encountered many of these concepts already during their scientific education.
One of them might be the theory of electric superconductivity. The knowledge acquired about this 
phenomenon can be used to achieve a basic understanding of the Brout-Englert-Higgs field.

1 Teaching Particle Physics at High School – general outline of a teaching approach  

Between 2013 and 2018 Netzwerk Teilchenwelt has developed teaching material in 
cooperation with the Joachim Herz Stiftung and high school teachers. The main volume 
“Ladungen, Wechselwirkungen und Teilchen” [1] (Engl.: Charges, Interactions and Particles)
addresses mainly teachers. It provides information on the theoretical background of the Standard 
Model of particle physics (SM) and how its basic concepts can be discussed in class. The focus of 
the suggested approach lies on the three fundamental interactions of the SM and the three different 
types of charges that generate these interactions. The spectrum of existing elementary matter 
particles, on the other hand, plays a secondary role since the understanding of the interactions can 
be achieved by knowing only very few matter particles. Another key goal of the concept is to point 
out connections to other fields of physics and common contents of physics curricula. Therefore,
both conceptual and mathematical analogies are pointed out. The most important known concept 
is the concept of charge which has to be extended from the electric charge to further charges in 
order to describe the weak and the strong interaction. In this context, there are several other points 
of contact with physics curricula (mainly nuclear physics, electromagnetism and quantum physics) 
that allow particle physics to be taught in a cumulative way and not as an isolated topic as it is 
often perceived.

2 Higgs physics and superconductivity

One analogy between particle physics and electromagnetism is the interpretation of the Brout-
Englert-Higgs field (BEHF) as a reason for superconductivity regarding the weak charge [2]. On 
the one hand, Higgs physics is certainly of interest to teachers and high school students, since the 
Higgs particle is one of the recent big discoveries in the field of particle physics awarded with the 
Nobel Prize in physics in 2013 and resulting in massive media attention. On the other hand, the 
Higgs mechanism is conceptually very different to the rest of the SM. In fact, most aspects of the 
SM that we cannot yet predict or fully explain by theory are connected with this mechanism.
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3 The research questions, context and methods 
The research questions in the presented research are the followings: 
RQ1) Which  models students activate analyzing the phenomenology of superconduction? 
RQ2) How they frame the Meissner effect and distinguish it from the pinning effect? 
RQ3) Which concepts students use in their explanations of phenomena? 
Experiments in school were performed in 44 Italian sites with different settings and involving 

a total of 1315 students of different age (36 K12-K13; 6 K11). In the majority of cases were 
informal activities monitored just by noting crucial students question, ways to face the 
phenomena and engagement in trials for explanations. In this research study we  consider the 
implementation of teaching superconductivity  in different Italian schools including 412 students. 
Tutorial filled by students during the educational activities (each 8-10 hours), audio-records of 
pieces of classroom interaction and pre/post test are the main sources of data to answer the 
research questions. Qualitative and quantitative analysis of students’ answers was performed.  

4 Results and Conclusions 
From the experiments performed in informal activities, it emerges that students were strongly  

engaged in the exploration of superconduction (95%), when aiming to construct an explanation 
of the phenomena (83%) and of the technological applications analyzed (75%). The research 
study involving 412 high school students showed that students characterize the superconductive 
levitation as a repulsion due to the property acquired by the YBCO at the cooled in the liquid 
nitrogen (81%), distinguishing from pinning described as a rigid link a “repulsion but also 
attraction”(RQ2). The conceptual tools used to make explicit their models was the magnetization 
vector (57%) or the field lines (24%). Students develop models describing the condition B=0 
inside the superconductor (84%), based on the magnet image model (38%) [13] or on the 
electromagnetic induction one (62%) [11]. The ways in which students give account for the 
phenomenon of levitation of a magnet on a superconductor are related to how they describe the 
magnetic fields in the material and magnetic interactions in general [8] (RQ3).
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During teacher trainings, which have been carried out extensively since 2017 with support of the 
Dr. Hans-Riegel Stiftung, we have presented the analogy discussed below to the teachers. In case 
high school students have basic knowledge of superconductivity, the argumentation may also be 
suitable for them. 

The BEHF can be discussed in the context of the finite reach of the weak interaction. The force 
associated with this interaction diminishes rapidly at scales of a tiny fraction of the size of a 
nucleon. This behavior seems to violate the known rules for field lines since they would have to
vanish suddenly at very short distances. This conflict serves as a motivation to introduce the 
messenger particle model to replace the field line model at very small scales. However, the 
vanishing of field lines can also be understood as a result of superconductivity concerning the 
weak charge. From electromagnetic superconductivity it is known that there are materials for 
which there is a phase transition (or a symmetry breaking) at low temperatures causing the 
electrical resistance to become zero. Therefore, these materials are called superconductors
concerning the electric charge. Associated with this any external electric or magnetic field is 
expelled from the inside of the material. A superconductor can be understood as a perfect dielectric 
and diamagnetic medium. Or rather almost perfect, because there is a small region on the surface 
of the superconductor which the electromagnetic fields still can penetrate, the London penetration
depth. 

That is exactly what characterizes the finite reach of the weak interaction. Here the BEHF is 
the reason for superconductivity regarding the weak charge and possesses this type of charge itself.
The major difference is that, in contrast to electric superconductors, this superconductive state is 
not connected to some special material but exists homogeneously all over the universe. By the
BEHF weak charges are screened roughly a billion times more effectively than it is the case for 
electric charges by electromagnetic superconductivity. Given that, the London penetration depth 
corresponds to the Compton wavelength of the W particle, a messenger particle of the weak 
interaction. It is not surprising that analogous quantities, objects and processes exist in both
electromagnetic superconductivity and Higgs physics since the ideas of superconductivity have 
been used for the theoretic development of the Higgs mechanism and the explanation of the large 
mass of the W particle, meaning that the Higgs mechanism and electromagnetic superconductivity 
have a similar mathematical framework.

The Higgs particle is an excitation of the BEHF and our only way to study the BEHF itself. 
One can imagine that it is impossible to study the properties of a homogeneous field, or medium 
in the language of classical physics. To study the viscosity of liquids, for example, you have to
disturb or excite it, for example, by causing waves. By studying the properties of those waves you
can draw conclusions about the properties of the liquid. This is exactly what is done in the current 
research at the Large Hadron Collider. We excite the BEHF, so we can measure the properties of 
the Higgs particle to learn more about the BEHF and the Higgs mechanism. 
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Abstract. With rising demand for teacher professional development in science and technology, research centres 
around the world are organising professional development programmes (PDPs). Despite extensive research in the field 
of professional development, little is known about the expectations of the stakeholders in such programmes, from 
research centre management to physics education researchers. Therefore, we investigate their expectations on teacher 
PDPs in general and at large research institutions, such as CERN, and their ideas on the design of such programmes 
through a three-round Delphi study. We will present the findings and potential implications for educational researchers, 
teachers and policy makers. 

1 Introduction 

CERN, the European Organisation for Particle Physics, runs professional development 
programmes (PDPs) for high-school science teachers from around the world. To ensure the 
programmes’ quality, evaluation of what teachers gain in regards to the goals of the programmes 
is crucial. Here, the initial step is clarification of the intended goals and assessment of their 
perceived importance by those involved in PDPs [1]. Generally, the primary goals of PDPs include 
increase of teachers’ general knowledge and skills, and the introduction of new instructional 
models [2]. However, as the goals for science teacher PDPs can vary [3], this calls for a dedicated 
evaluation of the expected goals and objectives of PDPs at CERN and similar research institutions.  

Traditional PDPs can be more effective if their design elements include feedback, a variety of 
activities, and focus on content knowledge, among others [2, 3]. However, due to the specificity 
of PDPs at large research institutions, the experts’ expectations on the design of the programmes 
could differ from the literature. Therefore, we set up a Delphi study to assess the expected goals 
and objectives of PDPs at large research institutions, and the preferable design characteristics.  

2 Method 

Delphi study provides an iterative structure with interspersed feedback for a detailed critical 
anonymous discussion between experts [4]. The selected experts form four panels: physics 
education researchers (PER) and expert teachers (ET) with experience in developing and 
organising PDPs, and CERN national contacts (NC) and CERN council and advisory boards 
members (MNG) with knowledge and/or influence on CERN and CERN Teacher Programmes. 

The first-round open-ended questionnaire gathered experts’ opinions and ideas on the purpose 
of PDPs in general, the goals, objectives and design features of PDPs at CERN or similar research 
institutions, and the influence such PDPs should have on the countries of the teacher participants. 

S05-4

During teacher trainings, which have been carried out extensively since 2017 with support of the 
Dr. Hans-Riegel Stiftung, we have presented the analogy discussed below to the teachers. In case 
high school students have basic knowledge of superconductivity, the argumentation may also be 
suitable for them. 

The BEHF can be discussed in the context of the finite reach of the weak interaction. The force 
associated with this interaction diminishes rapidly at scales of a tiny fraction of the size of a 
nucleon. This behavior seems to violate the known rules for field lines since they would have to
vanish suddenly at very short distances. This conflict serves as a motivation to introduce the 
messenger particle model to replace the field line model at very small scales. However, the 
vanishing of field lines can also be understood as a result of superconductivity concerning the 
weak charge. From electromagnetic superconductivity it is known that there are materials for 
which there is a phase transition (or a symmetry breaking) at low temperatures causing the 
electrical resistance to become zero. Therefore, these materials are called superconductors
concerning the electric charge. Associated with this any external electric or magnetic field is 
expelled from the inside of the material. A superconductor can be understood as a perfect dielectric 
and diamagnetic medium. Or rather almost perfect, because there is a small region on the surface 
of the superconductor which the electromagnetic fields still can penetrate, the London penetration
depth. 

That is exactly what characterizes the finite reach of the weak interaction. Here the BEHF is 
the reason for superconductivity regarding the weak charge and possesses this type of charge itself.
The major difference is that, in contrast to electric superconductors, this superconductive state is 
not connected to some special material but exists homogeneously all over the universe. By the
BEHF weak charges are screened roughly a billion times more effectively than it is the case for 
electric charges by electromagnetic superconductivity. Given that, the London penetration depth 
corresponds to the Compton wavelength of the W particle, a messenger particle of the weak 
interaction. It is not surprising that analogous quantities, objects and processes exist in both
electromagnetic superconductivity and Higgs physics since the ideas of superconductivity have 
been used for the theoretic development of the Higgs mechanism and the explanation of the large 
mass of the W particle, meaning that the Higgs mechanism and electromagnetic superconductivity 
have a similar mathematical framework.

The Higgs particle is an excitation of the BEHF and our only way to study the BEHF itself. 
One can imagine that it is impossible to study the properties of a homogeneous field, or medium 
in the language of classical physics. To study the viscosity of liquids, for example, you have to
disturb or excite it, for example, by causing waves. By studying the properties of those waves you
can draw conclusions about the properties of the liquid. This is exactly what is done in the current 
research at the Large Hadron Collider. We excite the BEHF, so we can measure the properties of 
the Higgs particle to learn more about the BEHF and the Higgs mechanism. 
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Gathered responses were thematically analysed by categories. Each item was quantified regarding 
the percentage of participants per panel mentioning it in their response. 

Categories from the first-round analysis will form the subsequent questionnaires. The 
participants will rate on the importance of the items on a Likert scale and comment on the phrasing 
of the items. Their responses will be statistically and qualitatively analysed. The results of the 
analysis for each of the rounds will be fed back to the experts for further evaluation. 

3 Preliminary Results 

The first-round preliminary results show some significant differences between the panels and 
literature. On the purpose of PDPs in general, the biggest percentage of all participants mentioned 
gaining content knowledge, including 93 % of PER panellists. The PER and ET panellists also 
frequently listed gaining pedagogical content knowledge as the purpose of PDPs. Interestingly, 
teacher motivation, inspiration, and confidence were not mentioned by ET panellists, although 
they were listed by more than 30 % of other panellists. 

In the category “Activity types”, over 65 % of MNG and PER panellists mentioned workshops, 
while less than 50 % of the NC and ET panellists did the same. Furthermore, there is a gap between 
the PER and ET panellists on the item of networking, with 64 % of PER versus only 27 % of ET 
listing it as part of the design. Visits to research facilities were mentioned by around 45 % of 
panellists connected to CERN, and only by roughly 25 % of PER and ET panellists.  

4 Discussion 

The preliminary results of the first round do not necessarily reflect the importance the panels 
give to the analysed categories. However, they offer an insight in what they see as the most obvious 
goals, objectives, and characteristics of such PDPs.  

Preliminary analysis of the opinion on the purpose of PDPs in general is mostly in line with the 
literature [2, 3]. However, the aspects of motivating, inspiring, and empowering teachers are not 
in mentioned the cited literature, yet they were mentioned by more than 30 % of all participants. 
In the design category, an overwhelming number of responses listed workshops and networking. 
This could point to the growing importance of active and social learning. 

Panellists with close connection to CERN mentioned visits to research facilities as a desired 
activity 20 % more often than the other panels. This could indicate that some of the results will be 
CERN specific. Nonetheless, due to heterogeneity of the participants, the results could still serve 
as a reference for design and evaluation of PDPs at other research institutions. 

All categories of the Delphi study, including topics to be studied and programme characteristics, 
will be presented in more detail at the conference, as well as the results from the subsequent rounds, 
in which the participants will rate on the importance of individuals items and categories. 
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the percentage of participants per panel mentioning it in their response. 

Categories from the first-round analysis will form the subsequent questionnaires. The 
participants will rate on the importance of the items on a Likert scale and comment on the phrasing 
of the items. Their responses will be statistically and qualitatively analysed. The results of the 
analysis for each of the rounds will be fed back to the experts for further evaluation. 
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literature. On the purpose of PDPs in general, the biggest percentage of all participants mentioned 
gaining content knowledge, including 93 % of PER panellists. The PER and ET panellists also 
frequently listed gaining pedagogical content knowledge as the purpose of PDPs. Interestingly, 
teacher motivation, inspiration, and confidence were not mentioned by ET panellists, although 
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panellists connected to CERN, and only by roughly 25 % of PER and ET panellists.  
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give to the analysed categories. However, they offer an insight in what they see as the most obvious 
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Preliminary analysis of the opinion on the purpose of PDPs in general is mostly in line with the 
literature [2, 3]. However, the aspects of motivating, inspiring, and empowering teachers are not 
in mentioned the cited literature, yet they were mentioned by more than 30 % of all participants. 
In the design category, an overwhelming number of responses listed workshops and networking. 
This could point to the growing importance of active and social learning. 

Panellists with close connection to CERN mentioned visits to research facilities as a desired 
activity 20 % more often than the other panels. This could indicate that some of the results will be 
CERN specific. Nonetheless, due to heterogeneity of the participants, the results could still serve 
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Abstract. Today we have irrefutable evidence that active engagement learning produces higher 
learning gains than traditional passive teaching, what initiated several course reforms of 
university programs. To meet with these trends, we started ten years ago to gradually introduce 
active learning methods in our high-school physics teacher preparation program, using ISLE as a 
theoretical framework. This contribution gives a short description of our program and reports on 
experiences with implementing active learning methods following the ISLE framework . 

1 Introduction  

Research shows that interactive engagement methods lead to better student learning gains 
than traditional transmission-mode methods (see for example [1]). As Mitchell Waldrop [2] said 
“At this point it is unethical to teach in any other way.” Our group manages a variety of courses 
at our faculty, both for physicists and pre-service physics teachers. In this contribution, we 
present the ways in which we implemented active learning in these courses. We used mainly 
Investigative Science Learning Environment (ISLE) as a theoretical framework [3]. We focus on 
teacher preparation program for future high-school physics teachers that we run at our 
department. One of the big challenges in these courses is how to implement the active learning 
methods in a way that teachers will be able to use in schools. The difficulty arises from the long 
experience with mostly traditional teaching of everyone involved (our students, university 
teachers, high-school teachers, headmasters and even high-school students). These experiences 
form their ideas of what teaching looks like, which is much different from active learning 
methods. However, guidelines worldwide [4-6] identify active learning as crucial for the 
teaching for the future. We present here our approach and experience. 

2 The active learning approaches in various courses 

Members of our group are teaching the following courses at teacher preparation program:
Didactics of physics (sequence of three one-semester course), Communication of physics, 
Methodical practicum and Project work in science, which are the focus of this presentation. We 
also teach two elective courses for all physics major students: How things work and Project 
laboratory. Each of them has different goals and in each different active engagement methods 
have been implemented.  

Our main focus is on the Didactics of physics, a three level course. We reforme both lessons 
and recitations to be as actively engaging as possible. In both, students work in small groups, 
solving both individual and group tasks. Our goal is to teach the way we would like our students 
to teach when they go to schools. Through the past 6 years, we have gradually transformed our 
lessons so that now we are using ISLE approach in every lesson. We insist that most important 
findings come from the class before being reiterated by the teacher and that the “need to know” 
is carefully created before we do (unavoidable) parts that require telling. In recitations, students 
solve problems on their own (most of the time by working in the groups) with the teacher 
providing guidance and assistance. We also changed the way we assess the course. We put large 
emphasis on formative assessment and allow students to improve their work. We emphasize the 
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role of experiments, especially testing ones, in the epistemology of physics. We insist that micro-
teaching is also done with an active engagement, ISLE based method, and is scored with rubrics.  

A requirement of the course are lessons that students must carry out in a high school. This 
part has been reformed so that students plan a series of lessons, usually covering an entire topic, 
where each lesson is designed following the ISLE framework but also taking into account the 
national curriculum. In this way, students have the opportunity to see how a series of lessons 
come together and gain a better understanding of the entire approach. The students then carry out 
the entire series of lessons.  

Methodical practicum has been separated from Didactics of physics and focuses on the 
technical and pedagogical aspects of experiments. In this case using the ISLE framework enables 
us to go beyond mare manipulation of experiments. Students do projects with an emphasis on 
familiarizing themselves with contemporary technology, however not as an isolated activity, but 
rather in connection with different pedagogical roles that this equipment can have in a planned 
lesson.  

Communication of physics is an introductory course to the strategies of conveying physics to 
a general audience. Students engage in various situations of communicating physics. From 
rewriting an article for professional audience into an article for the general public, to suggestions 
on physics activities for pre-school and first years elementary school children. 

In other courses, we also introduced elements of active engagement, like the use of Rutgers 
“scientific abilities rubrics” [7] in Project laboratory and the use of on-line personal response 
systems in the large-enrollment course How things work. 

We observe that most students appreciate the slower pace with deeper insights and the focus 
on fundamental concepts, often correcting some difficulties and erroneous ideas that they had, 
despite already passing the first bologna cycle in physics. 

3 Conclusion 

In the contribution, we show what active engagement methods we use in teacher preparation 
courses and how they are implemented. For the implementation, it was crucial to find a well 
researched and tested active engagement approach. We chose ISLE, because it emphasizes 
experiments and observations, which we already considered crucial for the epistemology of 
physics. We also had the opportunity to participate in courses of experienced practitioners and 
learn from them. Another crucial aspect was the support of the leadership of our faculty, who 
recognised Physics education research as equivalent to any other physics specialization (such as 
condensed matter or nuclear physics), enabling us to develop teaching approaches as research 
activities.  
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Abstract. Today’s citizens need a deeper understanding of global societal challenges and their 
implications for themselves, their families and their communities. This requires a broader vision 
of an active, engaged and responsible citizenship for the 21st century. This study reports on an 
inquiry based learning (IBL) approach carried out in context of socioscientific issues (SSI) with a
cohort of pre-service physics teachers. This study aimed at developing the pre-service teacher’s 
knowledge and skills for adopting inquiry and SSI contexts in their classroom practices. The 
PSTs were facilitated to carry out their own inquiry and reflect on their experiences of the 
pedagogical approach and context of the SSI. 

1 Introduction 

UNESCO’s recent report “Rethinking Education: Towards a common global goal?” [1] 
reminds us that the changes that we face in the world today are characterized by new levels of 
complexity and contradiction. Today’s citizens need a deeper understanding of global societal 
challenges and their implications for themselves, their families and their communities. This 
requires a broader vision of an active, engaged and responsible citizenship for the 21st century, 
as described in the objectives of the Framework for Science Education for Responsible 
Citizenship [2]. These objectives are further highlighted in the OECD Education 2030 
framework which aims to build a common understanding of the knowledge, skills, attitudes and 
values necessary to shape the future towards 2030 [3]. In order to equip today’s learners with 
agency and a sense of purpose, and the competencies they need, to shape their own lives and 
contribute to the lives of others we need to make changes to science education curricula, 
pedagogy and assessment practices and support science educators in embedding such approaches 
in their classroom.  

Inquiry is widely regarded as an effective approach to engaging learners in active learning 
and developing the learner’s scientific knowledge and skills skills [4]. Inquiry teaching is 
student-centred and teacher-student collaboration is a central feature of the learning environment.
The role of the teacher is to facilitate learning by asking questions and encouraging students to 
reflect on their current understanding. An inquiry based learning (IBL) in school science is based 
around students carrying out investigations including experimentation and secondary research. 
Inquiry in the context of socioscientific issues (SSI), which are contemporary and relevant 
scientific topics with moral or economic implications [5] has further been promoted to enhance 
student’s scientific literacy. SSIs center around a range of scientific, social or moral viewpoints, 
which may conflict with the students’ own views and thus makes them personally relevant to 
students [6].

2 Methodology 

This research presents a case study of the implementation of an undergraduate module for 17
physics pre-service teachers (PSTs) that aimed to develop the skills and knowledge of the PSTs 
as learners and develop their pedagogical approaches as teachers - to order to prepare them to use 
inquiry based learning (IBL) approaches in SSI contexts as part of their teaching [7]. The PSTs 
were in their second year of a four year undergraduate BSc in Science Education programme 
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role of experiments, especially testing ones, in the epistemology of physics. We insist that micro-
teaching is also done with an active engagement, ISLE based method, and is scored with rubrics.  

A requirement of the course are lessons that students must carry out in a high school. This 
part has been reformed so that students plan a series of lessons, usually covering an entire topic, 
where each lesson is designed following the ISLE framework but also taking into account the 
national curriculum. In this way, students have the opportunity to see how a series of lessons 
come together and gain a better understanding of the entire approach. The students then carry out 
the entire series of lessons.  

Methodical practicum has been separated from Didactics of physics and focuses on the 
technical and pedagogical aspects of experiments. In this case using the ISLE framework enables 
us to go beyond mare manipulation of experiments. Students do projects with an emphasis on 
familiarizing themselves with contemporary technology, however not as an isolated activity, but 
rather in connection with different pedagogical roles that this equipment can have in a planned 
lesson.  

Communication of physics is an introductory course to the strategies of conveying physics to 
a general audience. Students engage in various situations of communicating physics. From 
rewriting an article for professional audience into an article for the general public, to suggestions 
on physics activities for pre-school and first years elementary school children. 

In other courses, we also introduced elements of active engagement, like the use of Rutgers 
“scientific abilities rubrics” [7] in Project laboratory and the use of on-line personal response 
systems in the large-enrollment course How things work. 

We observe that most students appreciate the slower pace with deeper insights and the focus 
on fundamental concepts, often correcting some difficulties and erroneous ideas that they had, 
despite already passing the first bologna cycle in physics. 

3 Conclusion 

In the contribution, we show what active engagement methods we use in teacher preparation 
courses and how they are implemented. For the implementation, it was crucial to find a well 
researched and tested active engagement approach. We chose ISLE, because it emphasizes 
experiments and observations, which we already considered crucial for the epistemology of 
physics. We also had the opportunity to participate in courses of experienced practitioners and 
learn from them. Another crucial aspect was the support of the leadership of our faculty, who 
recognised Physics education research as equivalent to any other physics specialization (such as 
condensed matter or nuclear physics), enabling us to develop teaching approaches as research 
activities.  
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which would qualify them to teach from physics and mathematics or chemistry or teaching at 
secondary level. The module took place at the end of semester two, with the PSTs having 
completed their first in-school teaching placement at end of semester one. This meant that the 
students had four weeks of classroom experience in teaching science in a secondary school prior 
to starting this module.   

3 Findings 

This study presents a qualitative analysis of the impact of this active learning approach with 
physics pre-service teachers (PSTs) to address two research questions: 

 What are the PSTs’ experiences of carrying out inquiry in the context of SSI as 
learners? 

 What are the PSTs’ experiences of carrying out inquiry in the context of SSI as 
teachers? 

In the first session, PSTs were facilitated to distinguish between investigatable and non-
investigatable questions and generate criteria for what makes an investigable question. PSTs 
were presented with a SSI contest and had to identify background questions for secondary 
research. The learning outcomes in subsequent sessions focused on students planning and 
carrying out experimental investigations, analysing and interpreting data/evidence scientifically 
and drawing appropriate conclusions. In particular, the PSTs had to consider and explain the 
potential implications of scientific knowledge on society, related to their specific context. The 
PSTs reflections on their experience as learners and the pedagogical approaches 
econcountered will be reported.   

4 Conclusions 

The PSTs’ experience as learners centred around the skills and knowledge developed and 
assessed in this module, and mainly focussed on experimental skills. This highlights the need 
for an increased focus on secondary research and discussion-based approaches to inquiry. The 
PSTs’ experience as teachers showed an increased awarenss of the advantages of more 
student-centred active learning approaches and highlighted the need to develop their own 
pedagocial knowledge and skills. 
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Abstract. A systems analysis of the basic mental processes involved in learning physics in 
higher education will be presented with the aim of analysing the advantages and disadvantages 
of various forms of active learning.   In all cases, it is the student’s mind that should be active 
and this should lead to a response very soon after the detailed learning procedure for it to be 
effective.   Inter-personal interactions may cause problems for some students.   

Summary 

There are various forms of active learning, some of which date from a very long time 
ago, but in all cases their efficacy lies in the individual student’s mind being active in 
producing a response on a short time scale to an intellectual stimulus.  Thus, an analysis of 
the mental processes involved in learning can be expected to lead to a better understanding of 
the advantages and disadvantages of particular methodologies and hence their improvement.    
This takes us into the realms of cognitive psychology and cognitive neuroscience which are 
large research fields in their own right where important developments are occurring but 
whose applications to physics higher education are so far not well developed. 

Without attempting to use the details of such neuroscience, this presentation will 
attempt a systems analysis approach to considering the key features of mental processes 
involved in physics higher education which is characterised by emphasising deep 
understanding more than knowledge accumulation. Systems thinking is best developed by 
means of “flow diagrams” which clarify the essential features of how learning occurs.  This 
type of analysis can lead to an appreciation of the advantages and disadvantages of particular 
methodologies.  For example it helps to make clear the importance of rapid responses and 
also the dangers of unhelpful feedback and faulty reasoning.   It also helps us to understand 
the process difficulties encountered by particular students.      

The benefits of such a systems analysis can be illustrated by its application to those
active teaching and learning methodologies in physics which emphasise oral exchanges with 
other students and/or instructors, e.g. peer learning, studio learning and some types of 
tutoring.  These often involve students explaining or sharing knowledge and viewpoints.   
This is often in the context of problem solving and experimental investigations.  These 
methodologies have the advantage of requiring a clear shift from passive to active by 
requiring short term responses, critical thinking and responses from students followed by 
rapid feedback.  Team-based problem solving (an important competence) can lead to 
effective learning because it involves rapid feedback on ideas, the distribution of tasks and 
the multiplication of mental resources from “parallel processing”.    
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which would qualify them to teach from physics and mathematics or chemistry or teaching at 
secondary level. The module took place at the end of semester two, with the PSTs having 
completed their first in-school teaching placement at end of semester one. This meant that the 
students had four weeks of classroom experience in teaching science in a secondary school prior 
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3 Findings 
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and drawing appropriate conclusions. In particular, the PSTs had to consider and explain the 
potential implications of scientific knowledge on society, related to their specific context. The 
PSTs reflections on their experience as learners and the pedagogical approaches 
econcountered will be reported.   

4 Conclusions 

The PSTs’ experience as learners centred around the skills and knowledge developed and 
assessed in this module, and mainly focussed on experimental skills. This highlights the need 
for an increased focus on secondary research and discussion-based approaches to inquiry. The 
PSTs’ experience as teachers showed an increased awarenss of the advantages of more 
student-centred active learning approaches and highlighted the need to develop their own 
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But such active learning methodologies have the potential disadvantage that some 
students may be misled and/or confused by interactions with peers/instructors who, although 
they may be persuasive, may themselves have limited understanding and/or have erroneous 
views.  This may cause real learning problems in students who are not confident of their own 
knowledge and understanding.  These risks are sometimes exacerbated by personality factors 
or mental traits affecting the interactions. While we can guard against such problems, we 
cannot eliminate them completely. Analysis of the above features of active learning are greatly 
aided by taking a systems based approach. 

Analysis of the mental processes involved in learning physics may be expected to be 
particularly important in allowing for the difficulties (or advantages!) faced by some students 
on the autism spectrum or with introverted personality traits.   Such students, sometimes 
termed “twice exceptional”, find the study of physics particularly appealing even though they 
have great difficulties in engaging in normal communication with others.   The difference 
between the internal and external worlds assumes great importance for them.   Quiet internal 
contemplation and precise rational thought processes, coupled with a wish to explore 
challenges to traditional thinking, can be more productive for them than discussions with 
extrovert peers whose pronouncements they find very difficult to challenge. So for such 
students, this internal approach to learning should not be discouraged by the teaching 
methodology employed.  Quiet contemplation should be allowed, indeed encouraged. 

There are some particular features of physics which make it suited to such an analysis.  
Physics is devoted at heart to achieving deep fundamental knowledge and understanding (at 
an internal personal level) of the physical world and the universe as a whole, indeed there is 
substantial evidence that this feature is very important in inspiring young people to study 
physics at university. Physics also involves going beyond what can be directly observed (or 
inferred) and requires ways of thinking that question assumptions and challenge what seems 
obvious.    Common-sense is often not a good guide to discussions in fundamental physics.  
The worlds of the very small and the very large are different to the world we live in, so 
mental processes that have evolved in response to the need to succeed in our world may not 
be the most effective for learning physics; the brain is a product of evolution. 

A systems analysis has been extended to the whole teaching system involving 
curriculum, teaching/learning methods, instructors, facilities and teaching materials.   This 
should assist the design of active learning strategies which are effective for all students, 
including “twice exceptional” students.
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Abstract. We describe some strategies to promote active learning in high school students starting 
from scientific theatre. In the activities described, students, after coming into contact with the 
scientific theatre and with a previous direct experience of one or more physics shows, discuss 
with physicists and/or theatre professionals the way in which a scientific theme can be dramatized 
and, afterwards, actively work on a chosen physics topic to bring out various aspects of it with 
theatrical methods.

1 Lo Spettacolo della Fisica (The Physics Show) 
Theatre is an extremely useful tool to stimulate motivation from positive emotions [1-3]. That 

is the reason why, in the last 15 years, the theatrical approach to physical themes has been 
explored by the group “Lo Spettacolo della Fisica” [4] founded by M. Carpineti, M. Giliberti and 
N. Ludwig of the Physics Department of the University of Milan. In this period, “Lo Spettacolo 
della Fisica” has written and performed 7 plays with more than 400 replicas, reaching about 
150.000 people and 3 “augmented lectures”. From the beginning, its strategy has always been to 
write and perform real theatre shows, staging scientific experiments with reflections on the role 
and on the meaning of physics and of research and, in this way, starting to bridge the gap 
between formal, non-formal and informal education.
For its potentialities in physics education, scientific theatre has even been inserted in the 
European FP7 Project TEMI (Teaching Enquiry with Mysteries Incorporated), [5] which 
involved 13 different partners coming from 11 European countries, among which the Italian 
(Milan) group. In particular Scientific theatre has been considered a way for approaching IBSE 
and implementing it in classroom.

2 Active learning from theatre 
We describe some strategies adopted in the “Scientific Theatre Laboratory” of the Scientific 

Degree Plan of the physics department of Milan. The lab consists in the vision of two physics 
theatre performances and of five (4-hours each) lessons, in which groups of students are asked to 
actively work on a chosen physics topic to bring out various aspects of it with theatrical methods. 
Reference is made to a manual developed for the TEMI project and to a detailed analysis of the 
script of the show “Light Mystery”. Some examples of the results obtained will be presented and 
discussed. 
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Quantum Mechanics in Secondary School
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206, 33100, Udine, Italy 

Abstract. Treating concepts such as the quantum state and superposition involves a certain 
degree of mathematization right from the start. We ask how to use the formal structure of these 
concepts to support students in interpreting them. In an inquiry-based educational proposal for 
the introduction of quantum mechanics (QM) at high secondary school level, we developed 
educational strategies for consolidating quantum concepts through math and implemented them 
in teaching experiments conducted in the framework of design-based research (DBR). 
Preliminary results are presented.

1 Introduction  
In the last thirty years, a growing number of research-based teaching-learning sequences 

(TLSs) and instructional tools concerning QM have been developed at secondary school level. A 
recent comprehensive review of this literature [1] evidenced that many difficulties students 
experience are related to the inability to connect quantum behavior to the physical reality as 
they see it, which results in a mix-up of classical and quantum concepts. Indeed, the paradigm 
shift from the classical picture to the quantum one involves reasoning processes of unintuitive
nature, as the quantum model is far away from daily experience and from other models 
encountered by students. Based on the available literature, the authors of the review conclude
that a nonmathematical, conceptual approach to the content can lead this student population to 
adequate understanding. However, they highlight the scarcity of data on difficulties with contents 
they classify as “complex quantum behavior”, such as quantum state and superposition. Treating 
this kind of contents involves a certain degree of mathematization right from the start, since in
order to define the very concept of quantum state, we need to rely on the mathematical 
structure of probability distributions.

Therefore, we ask: how is it possible to turn the mathematical structure of QM from a 
hindrance for learning into a support for the consolidation of concepts?

2 Research Perspectives for the Consolidation of Quantum Concepts through 
Mathematics
For this purpose, we focused on the analysis conducted by [2], which posits a deeply 

tangled unity of mathematical and physical models and identifies two roles played by math in 
physics: one technical and the other structural, the latter referring to the role of math in 
structuring physical entities and situations that emerge in the processes of mathematization 
and interpretation. In order to facilitate conceptual construction, there is a need of a 
preliminary analysis, from a structural standpoint, of the mathematical entities involved.

As concerns the development of effective teaching strategies, we based our design on the 
guidelines suggested in studies on mathematical sense-making in physics [e.g. 2, 3], whose 
common theme is an approach going from physical issues to mathematics (from concrete to 
abstract) followed by a new interpretive activity, aimed at clarifying further physical 
implications of the newly introduced structure.

In the case of QM, the interpretive phase is crucial, as the paradigm shift entails also a 
representational shift in formal entities already familiar to students, such as vector superposition.
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3 Implementation in the Context of the Linear Polarization of the Photon 
In order to avoid the technical complexity of wave mechanics, we decided to work in a two-

state context, adopting an inquiry-based approach [4, 5]. From 2014 on, the TLS was refined
through cycles of DBR [6] on high secondary school students attending a summer school in
Udine.

3.1 Introduction of the Quantum State and of its Formal Representation 
The quantum state is an abstract vector. Students are only acquainted with vectors 

representing physical quantities and lying in the lab space. If we address the concept of state 
starting from the vector, they may easily interpret it as such. In the context of linear 
polarization, we face two further issues: the fact that each state corresponds to one 
polarization property, and a relation preserving isomorphism between the property space and 
the state space, which may lead to a conflation of state and property. Therefore, we introduced 
the state in this sequence: 1) physical information encoded in the state, 2) vector-
mathematization, 3) vector-interpretation. Data analysis shows that in 2017 over 80% 
identified the state as an abstract vector vs. 60% in 2014, over 80% distinguished between 
state and polarization vs. 50% in 2015. 

3.2 Quantum Superposition 
The presentation of state superposition is followed by an intensive interpretive activity for 

identifying its structural aspects, culminating in its comparison with already familiar forms of 
superposition, such as superposition of forces and of classical waves. Data analysis is 
underway. 

3.3 Quantum Interference 
The phenomenon is introduced through inquiry-based activities followed by a step-by-step 

derivation of the formula. Its structural analogy with the interference of classical coherent 
waves is highlighted, as well as the fundamental difference: quantum interference arises 
within the state vector of one system. Data analysis is underway.  

3.4 Entanglement of Modes 
After exploring the entanglement of position and polarization of a photon passing through 

a birefringent crystal, we introduce the ordinary state vector of a localized photon alongside 
its polarization state, and guide students to propose a formula describing the total state based 
on the notion of quantum superposition. Interpretive activities follow. Data analysis is 
underway. 
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Abstract. Teaching quantum physics (QP) quantitatively in high school is a necessity dictated by 
the need to preserve it as physics theory. The essential challenge is the use of advanced 
mathematical tools. Yet, it appears possible to present a more adequate image of QP using Dirac 
notation. This type of symbolic representation uniquely expresses content of quantum theory 
without excluding important quantitative tools. Teaching-learning sequences based on the Dirac 
notation were applied to a group of 12th grade students. Our findings indicate significant success 
of the students in their understanding and implementation of the basic concepts of QP. 

1 Introduction 

One of the main problems in teaching quantum physics (QP) in high school is the required 
level of abstract mathematics needed to implement the formalism [1,2]. Several attempts were 
made to overcome this problem, applying phenomenological and qualitative approaches (e.g. [3-
6]). Attempts with a more quantitative approach aimed mostly at more advanced students (13th

grade) and university students [5,7,8]. To the best of our knowledge, neither of them used Dirac 
notation for teaching the basic concepts of QP.  

2 Educational context  

We planned a QP course for 12th grade students. Due to lack of time (~30 hours), the course 
was planned not following a historical path (like [8]) but rather addressed a hierarchical structure 
of fundamental physical theories termed discipline-culture [9,10].  

The first part of the curriculum and the experimental teaching included quantitative 
introduction to classical waves of light and matter, the photoelectric effect, the Bohr model of the 
atom, the Compton effect and De-Broglie wavelength.  

The second part included an interactive teaching-learning sequence for conceptual 
understanding of spin, wave-particle duality, state, superposition, probability function and the 
uncertainty principle. For this, we used tasks that involved the students with short videos (like 
[11]) and experimentation with the PhET simulation of the Stern-Gerlach experiment [12].  

After concepts were qualitatively established, we introduced them quantitatively using Dirac 
notation. We defined “state” using ket, “superposition” as a combination of states and the bra-ket
as a procedure for calculating probabilities. We did not delve into the reason why this 
representation is a proper world-description, and showed it “experimentally” using the Stern-
Gerlach PhET simulation [12].  

3 Research questions  

Can teaching based on the Dirac notation approach be effective in leading students to 
understand basic concepts like “state”, “superposition”, “wave-particle duality”, “wave function” 
and the probabilistic nature of QP? 

Can teaching based on the Dirac notation approach be helpful in anchoring the concepts in 
quantitative problem solving? 
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3 Implementation in the Context of the Linear Polarization of the Photon 
In order to avoid the technical complexity of wave mechanics, we decided to work in a two-

state context, adopting an inquiry-based approach [4, 5]. From 2014 on, the TLS was refined
through cycles of DBR [6] on high secondary school students attending a summer school in
Udine.

3.1 Introduction of the Quantum State and of its Formal Representation 
The quantum state is an abstract vector. Students are only acquainted with vectors 

representing physical quantities and lying in the lab space. If we address the concept of state 
starting from the vector, they may easily interpret it as such. In the context of linear 
polarization, we face two further issues: the fact that each state corresponds to one 
polarization property, and a relation preserving isomorphism between the property space and 
the state space, which may lead to a conflation of state and property. Therefore, we introduced 
the state in this sequence: 1) physical information encoded in the state, 2) vector-
mathematization, 3) vector-interpretation. Data analysis shows that in 2017 over 80% 
identified the state as an abstract vector vs. 60% in 2014, over 80% distinguished between 
state and polarization vs. 50% in 2015. 

3.2 Quantum Superposition 
The presentation of state superposition is followed by an intensive interpretive activity for 

identifying its structural aspects, culminating in its comparison with already familiar forms of 
superposition, such as superposition of forces and of classical waves. Data analysis is 
underway. 

3.3 Quantum Interference 
The phenomenon is introduced through inquiry-based activities followed by a step-by-step 

derivation of the formula. Its structural analogy with the interference of classical coherent 
waves is highlighted, as well as the fundamental difference: quantum interference arises 
within the state vector of one system. Data analysis is underway.  

3.4 Entanglement of Modes 
After exploring the entanglement of position and polarization of a photon passing through 

a birefringent crystal, we introduce the ordinary state vector of a localized photon alongside 
its polarization state, and guide students to propose a formula describing the total state based 
on the notion of quantum superposition. Interpretive activities follow. Data analysis is 
underway. 
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4 Method and preliminary results 

The teaching-learning sequence (~8 hours) included frontal explanation in class followed by a 
whole class training. Then, two work-alone exercises were administered and a final test was 
implemented. The first exercise’s goal was to make sure the students understood the technical 
procedure and the meaning of its result. Hence, they were asked to calculate the expected results 
of certain measurements made in the Stern-Gerlach experiment and compare it to the simulation 
[12]. The second exercise was administered after learning about classical light polarization. 
Using Google forms, the students were asked a question (example below) and could choose to 
submit a response or to get a clue. Choosing the latter, allowed them another similar choice (for 
maximum of four clues). Three kinds of responses were required: a) uploading a full calculation 
of the student’s answer, b) verbal explanation of the meaning of the results, and c) numerical 
final solutions. Feedback, after submission, was a link to a full solution. 

Questions aimed to measure both conceptual understanding of the use of the notation and the 
practical ability to implement it quantitatively. An example of a conceptual question is whether 
the expression |𝜓𝜓⟩ = 𝑎𝑎|1⟩ + 𝑏𝑏|2⟩ could represent a wave, in the new meaning adopted in QP.
An illustrative example of the answers was:

Muli: Yes. It expresses different probabilities to get a certain trait. Until I measure, I will 
not know what the state is. Not "I do not know", but ((I)) know that this is the state

From this answer, it can be inferred that the student grasped the main meaning of quantum 
wavity as a superposition of states.

An example of a computational question is as follows: “Given an electron in a superposition 
of spin states represented by |𝜓𝜓⟩ = 1

3 |𝑥𝑥+⟩ − 2√2 
3 |𝑥𝑥−⟩ what is the probability that if we measure 

its spin in 120o degrees from the 𝑥𝑥 axis, we will get a negative result?” 73% of the students who 
responded this question were correct in their calculations. More results will be presented.

5 Conclusion 

The results imply that the use of Dirac notation is helpful in teaching QP in high school: It 
helps students to understand the concepts of "state", "superposition", "wave-particle duality” 
“wave function" and the probabilistic nature of QP. It also allows quantitative problem solving, 
which anchors the concepts in practice and helps to understand the experimental way QP is 
justified. Some implementations of QP, like BB84 protocol of quantum encryption, quantum 
coin toss, the Stern-Gerlach experiment and the Mach-Zehnder experiment are especially 
appropriate for quantitative examination of the concepts usually taught qualitatively.  
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Abstract. The mathematical formulation of quantum physics relies on Hilbert spaces and related 
structures. This very general remark lets open two approaches in learning: the so-called wave 
function, mostly used in connection with description of atoms and molecules, and two state 
systems used in the description of quantum information. The last approach is often formulated 
with help of the Dirac formalism. This is increasingly used for teaching quantum physics for 
beginners, even at high school. In this contribution we will discuss how the visualization of this 
formalism can contribute to a deeper understanding of the central notions of quantum physics.    

1 Introduction 

Mathematics supports the physical intuition of physicists by the emergence of structures that  
have a meaning in the physical world. This is supported by examples where the mathematical 
description of physical processes predicted phenomena not expected before as e. g. the electro-
magnetic waves from Maxwell's theory or time dilatation from relativity theory. Especially 
striking is this observation in quantum theory. The fact that laws are found which violate basic 
assumptions of classical physics, mainly the general nonexistence of trajectories implying the 
loss of determinism, shows the power of a mathematical description and the difficulties which 
are inherent in its physical interpretation. Part of the success of quantum theory was that it 
provided immediately accepted results such as the explanation of atomic spectral lines. The 
mathematics “invented” for this purpose – Heisenberg’s as well as Schrödinger’s approaches 
mapped the physical processes onto an algebraic formulation. Then this mathematics developed 
its own “life” related to completely unexpected physical behavior such as uncertainty and 
entanglement and forced to think about the physical meaning. This process needed decades of 
theoretical and experimental efforts for the results to be confirmed and better understood.  

Teaching these complex relations on the level of high school needs a suitable
elementarization including visual means. The visualization can rely on different strategies: it is 
possible to use experimental realizations, together with simulations or animations connecting the 
physical-mathematical description to concrete pictures of processes. Another possibility is to 
visualize the mathematical structures directly thus keeping more distance to mixing classical and 
quantum conceptions. Here we try to bridge those two principal approaches.  

2 Mathematics forces a physical interpretation 

The process of physical interpretation of mathematical structures generally is complex. 
From a global perspective in a first step the physical objects or processes are mapped 
“literally” onto mathematical elements, in its most simple way just formally relating a 
physical quantity to a sign in a formula. The second, more complex, step concerns the relation 
of the mathematical operations and their physical meaning [1]. In a third step these meanings 
will be framed by a general conception of the physical theory which again will retroact to the 
meanings [2]. In the emergence of an interpretation the framing is being developed. Quantum 
theory was special in that it did not fit into the framework of classical physics as a whole 
causing intense debates on the meaning of the mathematical formalism mirroring its very 
deep intertwining with the physical meaning. This can be made visible best with the 
mathematical description of two state systems. Therefore recently the conviction rose that two 
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4 Method and preliminary results 

The teaching-learning sequence (~8 hours) included frontal explanation in class followed by a 
whole class training. Then, two work-alone exercises were administered and a final test was 
implemented. The first exercise’s goal was to make sure the students understood the technical 
procedure and the meaning of its result. Hence, they were asked to calculate the expected results 
of certain measurements made in the Stern-Gerlach experiment and compare it to the simulation 
[12]. The second exercise was administered after learning about classical light polarization. 
Using Google forms, the students were asked a question (example below) and could choose to 
submit a response or to get a clue. Choosing the latter, allowed them another similar choice (for 
maximum of four clues). Three kinds of responses were required: a) uploading a full calculation 
of the student’s answer, b) verbal explanation of the meaning of the results, and c) numerical 
final solutions. Feedback, after submission, was a link to a full solution. 

Questions aimed to measure both conceptual understanding of the use of the notation and the 
practical ability to implement it quantitatively. An example of a conceptual question is whether 
the expression |𝜓𝜓⟩ = 𝑎𝑎|1⟩ + 𝑏𝑏|2⟩ could represent a wave, in the new meaning adopted in QP.
An illustrative example of the answers was:

Muli: Yes. It expresses different probabilities to get a certain trait. Until I measure, I will 
not know what the state is. Not "I do not know", but ((I)) know that this is the state

From this answer, it can be inferred that the student grasped the main meaning of quantum 
wavity as a superposition of states.

An example of a computational question is as follows: “Given an electron in a superposition 
of spin states represented by |𝜓𝜓⟩ = 1

3 |𝑥𝑥+⟩ − 2√2 
3 |𝑥𝑥−⟩ what is the probability that if we measure 

its spin in 120o degrees from the 𝑥𝑥 axis, we will get a negative result?” 73% of the students who 
responded this question were correct in their calculations. More results will be presented.

5 Conclusion 

The results imply that the use of Dirac notation is helpful in teaching QP in high school: It 
helps students to understand the concepts of "state", "superposition", "wave-particle duality” 
“wave function" and the probabilistic nature of QP. It also allows quantitative problem solving, 
which anchors the concepts in practice and helps to understand the experimental way QP is 
justified. Some implementations of QP, like BB84 protocol of quantum encryption, quantum 
coin toss, the Stern-Gerlach experiment and the Mach-Zehnder experiment are especially 
appropriate for quantitative examination of the concepts usually taught qualitatively.  
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state systems are most suitable for imparting the insight into the physical-mathematical 
interplay and treat interpretation issues. These allow especially for both types of visualization 
mentioned before.  

2.1 Mathematical constructs implying quantum behaviour 

The basic characteristic of quantum behaviour is the indeterminism. The fundaments lie in 
the Hilbert space construct and the corresponding representation of states as vectors with the 
strictly valid superposition principle as an immediate consequence. In addition the states can 
be modified only by operators. Thus the operators carry all the information of a quantum 
system: Their eigenvalues are possible measuring results and the eigenvectors represent those 
states which upon measurement arrive with certainty at the corresponding eigenvalue as 
result. All this leads do stochastic behaviour of quantum objects in the measuring process. 

2.2 Mathematical construct interpreted as uncertainty or entanglement 

In quantum physics the functions are replaced by operators. Correspondingly, the Poisson 
brackets, decribing the dynamics of a system, become commutators. If these are different 
from zero (because of non commutativity) quantum phenomena (noncompability of physical 
quantities) occur. The consequences imply hat some physical quantities cannot have well 
defined values at the same time. The mathematical structures of linearity and Hilbert space as 
state space imply that the state space of a combination of several quantum objects is 
represented as a tensor product. The resulting “entanglement” is quite different from the direct 
product of vector spaces used in classical physics, agai leading to “non separability” a concept 
not imaginable in classical physics. 

3 Visualization of mathematical structure 

All these structures can be visualized in an appropriate way with two-state systems. Above all 
it is possible to visualize the quantum behavior with model experiments with polaroids or calcite 
crystals. These are especially suitable for demonstrating the uncertainty [4]. A more abstract 
visualization is a geometrical one: The possible abstract states of a two-state system can be 
represented by arrows with the caveat that these could be misunderstood as spatial vectors.  An 
adequate picture would be given by the Bloch sphere (see [3]). This geometrical description of 
eigenstates, superposition  and measuring process supplements the use of the Dirac notation.  

The algebraic structures of spin can be visualized quite adequately by geometrical objects 
such as e. g. the Dirac belt. It will be discussed in the contribution how far these geometrical 
visualizations in connection with experimental visualizations could contribute to a deeper 
understanding of quantum phenomena.  
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Abstract. Mathematics can be cumbersome and repulsive for many people and also represents a 
large “entrance cost” for physics learning in terms of time and effort. on the other hand, it is 
indispensible in the sense of the famous Galileo saying that "the great book of nature is written in 
mathematical language" (Il Saggiatore). 
We report about an educational project intended to convey the many practical, scientific and 
esthetical values of mathematics. Specifically, we are developing hands-on activities with a focus 
on functions and curves for their rich and manifold applications to physics, other sciences and 
even arts. Foundations in science education research will be given, in particular regarding 
empirical results about hands-on and out-of school learning approaches. 

1 Introduction  

1.1 Mathematics as powerful language, predictor – and obstacle  

From Galilei’s ”The great book of nature is written in mathematical language” through 
Kant’s “The theory of nature will only contain true science to the extent that mathematics can 
be applied to it" to modern sources from education to research [1]: scientists, philosophers and 
educators agree on the essential role of mathematics as powerful “language” or “tool” for phys-
ics (Science). Not surprisingly, mathematical competence has been shown to be a strong predic-
tor of science achievement, with considerable evidence over decades (r = 0.4) [2]. Yet physics 
is one of the most disliked subjects at school, its high degree of mathematization being as strong 
reason for this, and within physics, calculation being one of the most disliked activities [3].  

1.2 What can be done? Combining Hands-on and out-of-school learning activities 

Good practice and empirical evidence provide measures to counter these difficulties, and 
the project presented here combines two approaches known to be particularly promising. 
First, hands-on activities and experiments (see sect. 2 for examples), for which there is 
substantial practical and research evidence for meeting a high degree of interest among  
students (N ≈ 8000, age group 11-16 yrs; Häussler &  al, [2]). The same holds for learning 
effects (RAND corp., N ≈ 1400: Cohen d = 0.91; meta-analytic results: d = 0.57) [4]. Second, 
out-of-school-learning offers, for which also a considerable body of research supports positive 
affective and learning outcomes of various kinds [5].  

2 The project: framework, design features and examples of the activities 

On this basis, we work on an educational project intended to convey the many practical, 
scientific, and esthetical values of mathematics, in direct connection with physics (or other 
sciences).  We are developing hands-on activities with a focus on functions and curves for 
their rich and manifold applications in physics and other sciences and for their visual 
representation, allowing also for connections to the arts. This work is done as an out-of school 
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state systems are most suitable for imparting the insight into the physical-mathematical 
interplay and treat interpretation issues. These allow especially for both types of visualization 
mentioned before.  

2.1 Mathematical constructs implying quantum behaviour 

The basic characteristic of quantum behaviour is the indeterminism. The fundaments lie in 
the Hilbert space construct and the corresponding representation of states as vectors with the 
strictly valid superposition principle as an immediate consequence. In addition the states can 
be modified only by operators. Thus the operators carry all the information of a quantum 
system: Their eigenvalues are possible measuring results and the eigenvectors represent those 
states which upon measurement arrive with certainty at the corresponding eigenvalue as 
result. All this leads do stochastic behaviour of quantum objects in the measuring process. 

2.2 Mathematical construct interpreted as uncertainty or entanglement 

In quantum physics the functions are replaced by operators. Correspondingly, the Poisson 
brackets, decribing the dynamics of a system, become commutators. If these are different 
from zero (because of non commutativity) quantum phenomena (noncompability of physical 
quantities) occur. The consequences imply hat some physical quantities cannot have well 
defined values at the same time. The mathematical structures of linearity and Hilbert space as 
state space imply that the state space of a combination of several quantum objects is 
represented as a tensor product. The resulting “entanglement” is quite different from the direct 
product of vector spaces used in classical physics, agai leading to “non separability” a concept 
not imaginable in classical physics. 

3 Visualization of mathematical structure 

All these structures can be visualized in an appropriate way with two-state systems. Above all 
it is possible to visualize the quantum behavior with model experiments with polaroids or calcite 
crystals. These are especially suitable for demonstrating the uncertainty [4]. A more abstract 
visualization is a geometrical one: The possible abstract states of a two-state system can be 
represented by arrows with the caveat that these could be misunderstood as spatial vectors.  An 
adequate picture would be given by the Bloch sphere (see [3]). This geometrical description of 
eigenstates, superposition  and measuring process supplements the use of the Dirac notation.  

The algebraic structures of spin can be visualized quite adequately by geometrical objects 
such as e. g. the Dirac belt. It will be discussed in the contribution how far these geometrical 
visualizations in connection with experimental visualizations could contribute to a deeper 
understanding of quantum phenomena.  
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offer in the framework of the education section of a large research project on the interactions 
of mathematic and physics (SwissMAP, see acknowledgement). 

 
In order to support attractiveness, easiness of access and impact of the activities, we try to 

realize the following design features: 
1. The curve appears by itself, nearly “naturally” and directly visible 
2.  The curves was somehow hidden and the activity makes it appear 
3.  Minimal mathematical knowledge is needed to recognize the curve  
4.  At least two situations apparently not connected are related to the same curv 
5.  Further examples are provided, where the same curve appears in nature, art or engineering   
 
Further specifications and 

guidelines for the development 
will be discussed in the talk. 
Two examples are shown in 
Figures 1 and 2, related to 
classical and modern physics, 
respectively. Several other 
examples of activities (from the literature and own ones) will be presented, in particular as 
related to teaching subjects in the area of modern physics (radioactivity, cosmology). We will 
conclude with a discussion of future teaching and research perspectives of the project.  
 
Acknowledgements: Financial support by SwissMAP is gratefully acknowledged (National Cen- 
tre of Competence in Research "The Mathematics of Physics", http://www.nccrswissmap.ch/) 
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Figure 1: Example “Parabola”, a paradigm of classical physics:  
two seemingly unrelated examples, links to technology and nature 

 

 

 
 

 

 
 

Figure 2: Example “exponential”: measurement of attenuation of β-
radiation (Sr-90) with a smartphone (app “ RadioactivityCounter”, left) 
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Figure 1: Example “Parabola”, a paradigm of classical physics:  
two seemingly unrelated examples, links to technology and nature 

 

 

 
 

 

 
 

Figure 2: Example “exponential”: measurement of attenuation of β-
radiation (Sr-90) with a smartphone (app “ RadioactivityCounter”, left) 
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Introduction

The physics of the last century is now included in all EU curricula and in the last 10 years it 
appears also in the secondary textbooks, even if in not organic way [1, 2]. There is a rich literature 
for what concerns its introduction. The proposals are different in contents and goals: the general 
culture of citizens, popularization, guidance, instruction, applications. Approaches and strategies 
are very different: 1) story telling of the main results; 2) argumentation of crucial problems for 
the classical interpretation; 3) integrated in classical physics (?); As a complementary part of 
curriculum (?). Special Relativity and Quantum Physics are the main contents considered, but 
recently we can read proposal for some other important discoveries like superconductivity at high 
temperature [3], space physics and high energy physics as well as the studies of Materials 
Science, for example optical, thermal and electrical transport properties of new materials. or 
Equally, the different techniques of analysis in Condensed Matter, as like optical, Raman, RBS 
Spectroscopy, X-Ray Diffraction are also considered. The richness of contents configures the risk 
to have a notion overload, losing the educative goals, very important for the future generation. 
Some studies on introducing Modern Physics in Secondary School focus on that problem [4. 5]. 
Physics Education Research (PER) is has a strong need for curricula content organization and for 
educational paths’ proposal to develop competences in learning outcomes, starting from Quantum 
Physics. 
Quantum Mechanics is the paradigmatic theory for the actual interpretation of the world and the 
theoretical/conceptual base for the development of new knowledge [6-8]. Its implications are very 
important in many branches of sciences [7] and the quantum-mechanical way of thinking is a new 
cultural approach to physics [6-13].
In the wide scenarios of the proposals on quantum mechanics [10-12] there is no consensus 
concerning the contents to be treated and the strategies to be adopted. Proposals of single activities 
as well as educational paths are offered in literature with the same weight [6,7]. In addition, an unclear 
overlapping of physics of quanta, quantum physics, quantum mechanics theory are offered adopting 
different approaches with different perspectives. Four main approaches can be identified:1) the 
reconstruction of the interpretative problems in the historical developments of quantum concepts, 2) 
the crucial experiments and the birth of the theory of quanta; 3) a wave function formulation and/or 
in general an approach based on the role of the formalism; 4)  a conceptual approach as proposed by 
Dirac [6, 9-13]. The first gives a general vision, offering interdisciplinary bridges, but, especially at 
elementary level, the narrative treatment prevail over aspects related to the subject itself, being the 
semi-classic treatment too difficult both on the formal plane and on the conceptual one for students 
[14]. The discussion of crucial experiments motivates the hypothesis of quantization of different 
quantities, but do not offer the coherent theoretical framework of QM. The wave formulation of the 
quantum theory is a rigorous one, but it demands strong competencies both in physics and in 
mathematics, only partially decreased by the use of computer [8, 11-12]. The path integral Feynman 
approach is simple and elegant, but offers a partial vision of the QM way of thinking [17]. The general 
adopted descriptive dimension, if acceptable on popularization plan, it appears not to be satisfactory 
on an educational plan. There is the need to produce the awareness of the reference assumptions of 
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the new mechanics, to offer some indications on the formalism that is adopted. The formalism, in 
fact, assumes in QM a conceptual role. In Italy, the PER community developed four different Path 
proposals for QM in secondary school and 20 universities cooperate for teacher education in this area 
from 2006 up to now [15-18].
An international discussion and a wide research based implementation are the actual needs to face 
the education challenge of introducing QM in secondary school overcoming the reductionism, the 
single pilot studies, the narrative dimension.
GIREP plans to serve for this scope creating a community to discuss the main problems, preparing a 
document of suggestions and proposals,  starting from the following consolidated research based 
experience, presented in the Symposium. 

1) MILQ - Quantum Physics in Secondary School, Rainer MÜLLER (1), Oxana 
MISHINA(1,2), (1) Technische Universität Braunschweig, Bienroder Weg 82, 38110 
Braunschweig, Germany; (2) Dipartimento di Fisica, Università di Trieste, Via Valerio 2, 
34127 Trieste, Italy

2) A path to build basic QM ideas in the context of light polarization and learning outcomes of 
secondary school students, Alberto STEFANEL, Marisa MICHELINI, Lorenzo SANTI, 
Physics Education Research Unit, Department of Mathematics, Computer Science, Physics, 
University of Udine, via delle Scienze 206, 33100, Udine, Italy

3) Quantum cryptography as an approach for teaching quantum physics, Gesche POSPIECH, TU 
Dresden, Faculty of Physics, 01062 Dresden, Germany

4) Combining the Two-State System with a Matter-Wave Approach for Teaching Quantum 
Mechanics in High-School, Sergej FALETIČ (1), Tomaž KRANJC (2), (1) University of Ljubljana, 
Faculty of Mathematics and Physics, Jadranska 19, 1000 Ljubljana, Slovenia, (2) University of 
Ljubljana, Faculty of Education, Kardeljava ploščad 16, 1000 Ljubljana, Slovenia
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perspective (Tarsitani in Rom).  

the new mechanics, to offer some indications on the formalism that is adopted. The formalism, in 
fact, assumes in QM a conceptual role. In Italy, the PER community developed four different Path 
proposals for QM in secondary school and 20 universities cooperate for teacher education in this area 
from 2006 up to now [15-18].
An international discussion and a wide research based implementation are the actual needs to face 
the education challenge of introducing QM in secondary school overcoming the reductionism, the 
single pilot studies, the narrative dimension.
GIREP plans to serve for this scope creating a community to discuss the main problems, preparing a 
document of suggestions and proposals,  starting from the following consolidated research based 
experience, presented in the Symposium. 

1) MILQ - Quantum Physics in Secondary School, Rainer MÜLLER (1), Oxana 
MISHINA(1,2), (1) Technische Universität Braunschweig, Bienroder Weg 82, 38110 
Braunschweig, Germany; (2) Dipartimento di Fisica, Università di Trieste, Via Valerio 2, 
34127 Trieste, Italy

2) A path to build basic QM ideas in the context of light polarization and learning outcomes of 
secondary school students, Alberto STEFANEL, Marisa MICHELINI, Lorenzo SANTI, 
Physics Education Research Unit, Department of Mathematics, Computer Science, Physics, 
University of Udine, via delle Scienze 206, 33100, Udine, Italy

3) Quantum cryptography as an approach for teaching quantum physics, Gesche POSPIECH, TU 
Dresden, Faculty of Physics, 01062 Dresden, Germany

4) Combining the Two-State System with a Matter-Wave Approach for Teaching Quantum 
Mechanics in High-School, Sergej FALETIČ (1), Tomaž KRANJC (2), (1) University of Ljubljana, 
Faculty of Mathematics and Physics, Jadranska 19, 1000 Ljubljana, Slovenia, (2) University of 
Ljubljana, Faculty of Education, Kardeljava ploščad 16, 1000 Ljubljana, Slovenia

Discussant

REFERENCES
1. http://teachers.web.cern.ch/teachers/archiv/HST2001/syllabus/syllabus.htm 
2. Michelini M., Building bridges between common sense ideas and a physics description of 

phenomena, in Menabue L, Santoro G eds. New Trends in STE, Bologna: CLUEB, 2010, 257-274. 
3. Stefanel A, Michelini M, Santi L. High school students analysing the phenomenology of 

superconductivity, in Proc. of The WCPE 2012, Tasar F.ed., Pegem Akademiel, 2014, 1253-1266. 
4. Michelini M, Santi L., Stefanel A. (2014) Teaching modern physics in secondary school, Proceedings 

FFP14, E. Kajfasz, T. Masson and R. Triay (eds) 
http://pos.sissa.it/archive/conferences/224/231/FFP14_231.pdf 

5. Michelini M., Santi L., Stefanel A. (2017). Research based proposals to build modern physics way of 
thinking in secondary students. In A. Király, T. Tél (eds), Teaching Physics Innovatively, Proceedings of 
the international conference Teaching Physics Innovatively (TPI-15) New Learning Environments and 
Methods in Physics Education, Budapest, 17-19 August, 2015, Budapest: Graduate School for 
Physics, Faculty of Science, Eötvös Loránd University, pp. 331-349. [ISBN: 978-963-284-925-6]. 

6. Michelini M, Approaching the theory of QM, in Frontiers of Physics Education, R. Jurdana-Sepic et al 
eds., Zlatni, Rijeka, 2008, 93-101. 

7. Pospiech G, Michelini M, Stefanel A, Santi L, Central features of quantum theory in physics 
education, in Frontiers of Physics Education, R. J.-Sepic et al eds., Zlatni, Rijeka, 2008, pp.85-87. 

8. Zollman D A, Rebello N S and Hogg K,  2002, Am. J. Phys. 70 (3) 252- 259. 
9. Sakurai J.J., 1985, Modern Quantum Physics, Menlo Park: Benjamin/Cummings 1985. 
10. Müller R.,  Wiesner H., Teaching QM on an introductory level, AJP, 70 (30), 2002, 200-209. 
11. Am. J. Phys. 2002, Special Issues 70 (3).  



150

  

A path to build basic QM ideas in the context of light 
polarization and learning outcomes of secondary school students 

Marisa MICHELINI, Lorenzo SANTI, Alberto STEFANEL  

Physics Education Research Unit, Department of Mathematics, Computer Science, Physics, University 
of Udine, via delle Scienze 206, 33100, Udine, Italy 

Abstract. There is consensus on the goal to introduce Quantum Mechanics  in secondary school 
curricula for its paradigmatic role in the modern physics. In literature a wide spectra of proposals 
were developed and tested. With the goal to approach the basic ideas of  quantum theory by 
means of active learning, we design a research based educational path in the context of 
polarization, offering an open sw environment for ideal experiments. Intervention Modules  with 
more than 600 students were performed monitoring their learning paths by means of tutorials and 
pre-post test. Qualitative/quantitative data analysis shows coherent line of reasoning developed 
by students along the quantum concepts, coherent in some case with a hidden variables approach. 

1 Typing Area  
Quantum mechanics (QM) is the theoretical paradigm of the modern physics, having relevant 

role in many other scientific and technical fields as for instance computer science, philosophy or 
microbiology and we cannot postpone its introduction in the curricula of high school, [1-2].
Three main educational approaches characterize the different specific proposals in literature:
historical; trough formalism, typically using wave function; conceptual [2-5]. The evaluation of 
teaching intervention modules focused on specific concepts. There is the need to individuate how 
students develop coherent conceptual path. In the perspective of  the conceptual approach and 
active learning focused on the personal building of ideas, an educational path was designed for 
secondary school students [6-8]. The strategic choices were to point towards an introduction of 
theoretical way of thinking through the treatment of crucial aspects, cardinal concepts and 
elements peculiar to quantum mechanics in  the context of photon polarization. The reasoning 
profiles were monitored step by step using tutorials [9-11] and learning outcomes analyzed by 
means of  pre/post test [12] with more than 600 high school students. Here, the rationale of the 
path is presented, documenting the evolution of the students learning paths, from a classical to a 
quantum framework. 

2 The educational path on the pivotal concepts of quantum mechanics  
On the disciplinary level, we chosen to begin with  the concept of state and the superposition 

principle. On the didactic level, we chosen linear polarization as a quantum dynamical property 
of photons and we suggest to explore it in lab by means of simple hands-on experiments and of 
quantitative measurement with on-line sensors. Performing ideal experiments with photons in an
open simulated lab, students compare interpretative ideas. Malus law studied in lab suggest how 
to prepare polarized light and to detect it. The polarization as property of the single photon is 
confirmed by the validity of Malus law at very low light intensity and suggest  to interpret it as 
probability of photon transmission. The interaction of photons with Polaroids with different 
permitted directions individuate mutual exclusive and incompatible properties. The uncertainty 
principles, the quantum indeterminism, the identity of quantum systems are basic concepts 
discussed considering photons, prepared filtering it with a polarizer, interacting with a polaroid-
analyzer. An iconographic representation helps students to distinguish property (eigenvalue) by 
state (eigenvector) bridging them toward the vectorial representation of state. The interaction of 
photons with birefringent crystals allows connecting the quantum behavior with the impossibility 
of attributing a trajectory to single photons (a quantum system). The problem of quantum theory 
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of measuring, of describing macro-objects and non-locality are treated in the same context, with 
examples in the phenomenology of particle diffraction and analogies in the macroscopic 
world. 

3 Research question, context, method 
The main research question focused in the present work are: RQ1. How students’ reasoning 

build  learning trajectories for quantum ideas facing the photon polarization phenomenology? 
RQ2. Which sort of models they develop? RQ3. Which are the more problematic concepts? 

Research experimentation were performed in 20 sites involving 694 students aged 17-19. 
Qualitative analysis of tutorial and test were performed, defining operatively categories of 
students’ answers by their own sentences. In particular we individuates profiles distinguishing 
between the classical point of view, the quantum way of thinking and also individuating when 
students developed ides coherent with an hidden variable approach to the microscopic 
phenomena. We constructed a QC index, modifying that introduced by Muller and Wiesner [13], 
and a triadic index including the tree perspectives of students reasoning: classical, quantum and 
hidden variables one. Change in distribution from pre to post test was also analyzed. 

4 Results and conclusion  
Research implementations of the path developed with more than 600 students [9-12] 

evidenced  that students profit of the iconographic representation to discuss in a proper way on 
mutual exclusive (80%) and incompatible properties (55%) (RQ3). The employ of the 
iconographic representation (85%) and formalism as concepts representation (60%) facilitates 
rigorous reasoning in a coherent QM frame (80%), helping students in formulating testable 
previsions on new contexts (50%) (RQ2-3), even if in different conceptual perspectives. In fact, 
the students learning paths show evolution toward quantum concepts, where, often, some typical 
hidden variables assumptions bridge them from classical to quantum way of thinking [10-11] 
(RQ1-2). 
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Abstract. In our teaching approach to quantum mechanics for high schools, we combined a two-
state system approach with a matter-wave approach. Using a pre- and post-test, a series of 
formative questions and a questionnaire, we assessed the outcomes of the course. The 
questionnaire was administered also to third year physics education students at the university,
who were outperformed by the high-schools students. We also noticed the emergence of the 
collapse of the wave-function as an important concept for the reasoning of students. 

1 Introduction  

The teaching of quantum mechanics in high-schools has become an important topic [1 – 3]. 
Due to the limited mathematical knowledge, approaches in high-school have to be tailored 
towards a more conceptual understanding. The approach with two-state systems is proposed due 
to its simplicity [1], and the approach with various versions of amplitude summation (path
integral [3], wave-function) is also being suggested. We combined the two-states approach and 
the wave-function approach, using also an exploratory simulation for the active engagement of 
students. 

2 Methods and findings 

We used a pre- and post-test, one formative test, one summative test, a series of clicker 
questions and a questionnaire. The pre- and post-tests were analyzed using ground theory, 
identifying the ideas most often used and coding the responses accordingly. The questionnaire 
was comprised of statements that students rated on a scale from strongly agree to strongly 
disagree. This scale has been converted to a scale between –1 and 1 representing the fraction of 
students who correctly assessed a statement (+1 if disagreed with a false statement or if agreed 
with a true statement, etc.). We administered the questionnaire also to a comparison group of 
third-year physics education students at the Faculty of Education (pre-service teachers), who in 
that year attended two one-semester courses on special relativity and quantum mechanics.  

3 Findings and discussion 

In the synopsis, we can only present some of the findings. The comparison between the pre- 
and post-tests shows an increase in the use of quantum ideas by an average of 31%, and 
simultaneously a decrease in the use of classical ideas by an average of 33%. The mention of the 
idea that the measurement affects the system (collapse) increased by 76%. This suggests that 
students identify the collapse as perhaps the most important feature of quantum mechanics. We 
observed that students started reasoning using the collapse early in the course, and often used it 
as the first resource to explain a new observation. However, Fig. 1 shows that students wrongly 
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Fig. 1. Comparison between the answers of high-school students and pre-service teachers on various categories. The 
positive scores represent correct assessments of the statements and the negative scores the incorrect ones. 

assessed most statements related to the collapse. The analysis of the formative and summative 
assessments also reveals difficulties in applying the idea of collapse in non-trivial situations. This 
suggests that while students identify the collapse as an important feature, they have problems 
applying the idea correctly. 

We have avoided explicit use of duality, and indeed, duality was not identified as a very 
important feature (12% mentioning it). Contrary to our expectations, the wave-function was also 
not given particularly high importance by the students, with only 36% of students mentioning it 
as a key feature.  

The analysis of the formative and summative assessment further reveals a surprisingly good 
ability of argumentation using quantum ideas. The students were asked questions such as: “How 
would you respond to someone who suggests that the electron in a double slit experiment passes 
through one slit, we just cannot know which.” Students’ responses exceeded our expectations. 

The results of the questionnaire are in Fig. 1. The questions are grouped into different 
categories. Both the high-school students and the pre-service teachers scored highest in the 
categories of atomic structure, probability and wave-function and lowest on collapse. The high-
school students outperformed the pre-service teachers in every category. The uncertainty relation 
was given little emphasis, so the poor result is not surprising.

4 Conclusions 

Our findings show that students shifted their reasoning considerably towards quantum ideas. 
They also overwhelmingly identified the measurement disturbing the system (collapse) as a key 
feature of quantum mechanics. However, the correct application of it appears to require more 
exercise than we provided. Based on these findings we are modifying the course to give a bigger 
role to the concept of collapse. In the future iterations of the course, we also have to focus more 
on the role of superposition and the uncertainty relation.
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Abstract. In our teaching approach to quantum mechanics for high schools, we combined a two-
state system approach with a matter-wave approach. Using a pre- and post-test, a series of 
formative questions and a questionnaire, we assessed the outcomes of the course. The 
questionnaire was administered also to third year physics education students at the university,
who were outperformed by the high-schools students. We also noticed the emergence of the 
collapse of the wave-function as an important concept for the reasoning of students. 

1 Introduction  

The teaching of quantum mechanics in high-schools has become an important topic [1 – 3]. 
Due to the limited mathematical knowledge, approaches in high-school have to be tailored 
towards a more conceptual understanding. The approach with two-state systems is proposed due 
to its simplicity [1], and the approach with various versions of amplitude summation (path
integral [3], wave-function) is also being suggested. We combined the two-states approach and 
the wave-function approach, using also an exploratory simulation for the active engagement of 
students. 

2 Methods and findings 

We used a pre- and post-test, one formative test, one summative test, a series of clicker 
questions and a questionnaire. The pre- and post-tests were analyzed using ground theory, 
identifying the ideas most often used and coding the responses accordingly. The questionnaire 
was comprised of statements that students rated on a scale from strongly agree to strongly 
disagree. This scale has been converted to a scale between –1 and 1 representing the fraction of 
students who correctly assessed a statement (+1 if disagreed with a false statement or if agreed 
with a true statement, etc.). We administered the questionnaire also to a comparison group of 
third-year physics education students at the Faculty of Education (pre-service teachers), who in 
that year attended two one-semester courses on special relativity and quantum mechanics.  

3 Findings and discussion 

In the synopsis, we can only present some of the findings. The comparison between the pre- 
and post-tests shows an increase in the use of quantum ideas by an average of 31%, and 
simultaneously a decrease in the use of classical ideas by an average of 33%. The mention of the 
idea that the measurement affects the system (collapse) increased by 76%. This suggests that 
students identify the collapse as perhaps the most important feature of quantum mechanics. We 
observed that students started reasoning using the collapse early in the course, and often used it 
as the first resource to explain a new observation. However, Fig. 1 shows that students wrongly 
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Abstract
 

In Germany, quantum physics has been an established part of the schools physics curriculum 
for several decades. There is a considerable amount of experience and research on teaching and 
learning of quantum physics in secondary school. We present the basic concepts and the central 
ideas of our online-based course milq [1]. The German version of the course has been online 
since 2001 and is continuously developing. Since 2018, an English version is available and it 
will continue to grow (milq.tu-bs.de/en/). 

Quantum Reasoning Tools for pupils

The milq course focuses on conceptual questions with a minimum of formulas. It is based on 
a modern, pragmatic interpretation of quantum mechanics which has emerged since the 1990s 
together with the experimental possibility to actually perform experiments with single quantum 
objects. The aim is a conceptually clear formulation of quantum physics.   

Proper language plays a central role when speaking about quantum phenomena. In order to 
provide students with a verbal tool they can use in discussions and argumentations we 
formulated four “Reasoning tools” of quantum physics. They help to enable qualitative 
discussions of quantum physics, allow students to predict quantum mechanical effects 
qualitatively and help to avoid learning difficulties. They form a “beginners’ axiomatic system” 
for quantum mechanics. 

 Rule 1 - Statistical behavior: A result of a single event cannot be predicted, it is
random! Only statistical predictions (for many repetitions) are possible in quantum 
physics.

 Rule 2 - Ability to interfere: Single quantum object can contribute to an interference
pattern, if there are more than one classically possible ways leading to the same 
experiment result. None of this ways will than “realize” in a classical sense.

 Rule 3 - Unique measurement results: Although a quantum object in a state does not 
have a fixed value of the measured quantity, you always find a unique measurement 
result. Repeating the same measurement may give a different result, though.

 Rule 4 (Complementarity): “Which way” information and an information about an
interference pattern are mutually exclusive. Quantum object cannot be prepared in a 
defined position with a defined momentum at the same time.

It is not yet included in the original formulation, but from today's point of view, the 
occurrence of entanglement in systems of several quantum objects is "essential" in teaching 
quantum mechanics.
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Fig. 1 Mach-Zehnder interferometer simulation software 

Because experiments with single quantum objects are still out of reach for schools, the course 
is supported with several simulation programs. They allow the students to interactively explore 
experimental settings like the double-slit experiment or the Mach-Zehnder interferometer (which 
can be upgraded with optional polarization filters to a quantum eraser setup). 

Outlook 

The “second quantum revolution” will certainly have an influence on the way we teach and 
learn quantum physics in secondary school. In the milq concept, special emphasis is laid on the 
aspects of quantum physics that are particularly “nonclassical”. With this orientation towards the 
modern aspects of quantum physics we feel well equipped for this new challenge. Coming 
generations of students will hopefully experience modern quantum physics as a normal part of 
their secondary school curriculum, paving the way for the decision to begin their studies of 
quantum engineering at the university. 
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Abstract. Teaching approaches to quantum physics should be at the same time motivating and 
imparting the fundamental notions of quantum physics: indeterminism, superposition and 
uncertainty together with an insight into its interpretation. To achieve this an approach exploiting  
recent results concerning quantum information, especially quantum cryptography, seems 
promising. We present a corresponding teaching proposal and report on a seminar in teacher 
education using this approach with a focus in two state systems. After the seminar the participants 
showed an increased awareness of the foundations of quantum physics in comparison to classical 
physics hinting that a focus on basic principles is valuable.  

1 Introduction 

Quantum physics as a central physical theory important for developing a physical world 
view should be taught in high school. But often it is considered too complicated because of the 
formalism. Recently, two state systems come increasingly into focus as a suitable means for 
introducing and describing the central notions such as superposition, uncertainty, entanglement 
and the measuring process. These are especially suitable for demonstrating the differences of 
quantum and classical physics. A strongly motivating factor is based on two aspects: two state 
systems are important for recent research in quantum information where physicists are actually 
working on and the topic of quantum information including the vision of a quantum computer 
often is found in the media. In this context quantum cryptography is an as well motivating as 
accessible topic. Therefore already twenty years ago it was proposed to use quantum crypto-
graphy or quantum computer as an approach for teaching quantum physics on high school level 
[1,2]. Since then quantum cryptography has made big advances which often also are reported in 
popular media [e.g. 3]. As citizens students should be able to judge the plausibility of those re-
ports. However, teaching this current topic requires careful alignment of theoretical aspects and 
visualization by metaphors or model experiments. Moreover, the important objective of giving 
the students insight into the heart of quantum physics and the differences between classical and 
quantum physics has to be satisfied. We differ from many other proposals that we do not first 
teach quantum physics and then treat quantum cryptography as an application but we show the 
intimate connection between the principles of quantum physics and why they make quantum 
cryptography a secure method of communication in a coherent teaching learning sequence.  

2 Description of teaching approach 

The teaching unit on quantum cryptography starts with a suitable recent article from a news-
paper or similar media [3] together with a related problem-based question leading to the topic 
“quantum cryptography”. Firstly, students are introduced into the basics about cryptography they 
need to know. Then in a step-wise procedure we introduce – always in strong connection with 
procedures of quantum cryptography – the main quantum principles: stochastic behavior, 
superposition, uncertainty and – if time and the learning group allows for it – entanglement.   

The teaching sequence starts with remarks on the existence of single photons supported by 
simulations (see www.quantumlab.de). It is supported by experiments providing anchor points 
for understanding even if they are model experiments using the polarisation property of light. 
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This could be connected to the spin and gives rise to the qualitative introduction of two state 
systems. The first task to be solved is the generation of a quantum key. This needs randomness 
of measuring results serving to establish non-determinism and the superposition principle 
together with some hints to the measuring process. The next step is the exchange of the quantum 
key between Alice and Bob. In order to be able to do this different bases for the description of a 
state of a quantum system are introduced and supported by a model experiment which also 
visualizes uncertainty [4]. Then the BB84 protocol with spy is treated with help of working 
sheets. To show the safety of the quantum encryption the No Cloning Theorem is made plausible 
in an elementary version with the help of Dirac notation. This serves also as an strong indication 
of the differences between classical and quantum physics. If possible, entanglement can be 
introduced in explaining the Ekert91 protocol. Treating entanglement paves the way to give 
insight into the basic principles of the functioning of quantum computers. 

3 Teacher education 

An approach along these lines had been part of a seminar for future teachers on didactics of 
quantum physics [5]. It was supplemented by aspects of pedagogical content knowledge (PCK) 
such as students’ conceptions and teaching approaches in quantum physics. This seminar should 
offer future teachers the opportunity of framing their knowledge of quantum theory from a 
didactical perspective and of developing own teaching strategies. The evaluation of the seminars 
with overall 25 participants showed that the teacher students profited highly concerning their 
content knowledge in quantum physics (CK) and their PCK. Whereas in a control group (11 
participants) the CK decreased, in the treatment group not only the PCK, but also the CK 
increased, especially with weak or average students [5]. We might deduce from these findings 
that this approach enables students to develop an understanding of the concepts of quantum 
physics and to reduce misconceptions.  

4 Conclusion 

In teaching quantum physics several approaches are possible with very different focus and  
mathematical requirements. The most traditional approach is quite abstract in using atomic 
physics together with the position-momentum uncertainty as central goal. The proposed 
approach inspired by quantum optics showed that incorporating quantum cryptography into a 
teaching sequence on quantum physics based on two state systems is working and fulfills its goal 
of imparting the basic quantum notions non determinism, superposition and uncertainty. It 
requires less complicated mathematics and leads also to the heart of the interpretation debate.  
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Baron Roland von Eötvös as he is commonly called in the physics community was born in
1848 and died in 1919. To commemorate his scientific achievements UNESCO declared 2019 
as Eötvös year. At the first part of the talk his three well know results, the Eötvös capillary 
law, the torsional pendulum he developed for measuring the gradient of the gravitational field, 
and  his measurements on the equivalence of the inertial and gravitational masses are shortly 
summarized.  

It is less known, however, that in 1908 he solved the puzzle why a relatively large  scatter 
of the measured gravitational field values was obtained during the g measurement on the 
Black see. It is called nowadays as “Eötvös effect” stating that a body moving East/West on 
the rotating Earth become somewhat lighter/heavier due to the local vertical component of the 
Coriolis force. In order to demonstrate that the effect is “measurable” he designed a rotating 
balance.  
 We can say his device is an alternative instrument to the Foucault pendulum to proof 
that the Earth indeed rotates. It has, however, a important advantage, it is based on a  
resonance effect resulting a much faster measurement than it is required  in the  Foucault 
pendulum experiment to see any effect.  

 In the second half of the talk it is shortly discussed how the rotational pendulum works 
and how it can be used in the classroom as a demonstration experiment for the inertial forces.    

 

S09-1



162

  

SEEING FAST AND SLOW: ENGAGING STUDENTS IN 
SCIENCE THROUGH SLOW MOTION VIDEO 

EXPERIMENTS 
 

Marina MILNER-BOLOTIN  

University of British Columbia, Faculty of Education, Department of Curriculum and Pedagogy, 2125 
Main Mall, Vancouver, BC, Canada, V6T 1Z4 

Valery MILNER, Oded AMINOV, Walter WASSERMAN 

University of British Columbia, Faculty of Science, Department of Physics and Astronomy, 6224 
Agronomy Road, Vancouver, BC, Canada, V6T 1Z4 

Abstract. Classroom demonstrations and experiments have always played an important role in 
physics teaching. Some of them are didactically straightforward, while others happen so fast that 
students only see the effect while missing the process at the core of the physics phenomenon. For 
example, a classical shuttering glass resonance experiment is well-known, but how often students 
observe and measure the standing waves on the glass’s rim? In this presentation, we will 
demonstrate how we use fast-speed camera in introductory physics lectures and in physics methods 
courses for future teachers to “slow down physics phenomena” and engage students in authentic 
learning experiences.  

1 Introduction  

Physics is an empirical science. Not surprisingly, physics teachers often use experiments to 
increase student engagement [1, 2]. Yet, not every physics experiment has a positive effect on 
student learning and science attitudes [3, 4]. Pedagogically powerful experiments have to illustrate 
physics phenomena, allow students to see the sources of physical laws, and appreciate the process 
of science. This is relevant to both introductory and methods courses for future secondary teachers. 
And yet, pedagogically effective use of physics experiments in these courses is often lacking [3]. 
As a result, students  often view physics as a collection of facts and teacher-candidates’ have very 
limited knowledge about how to design pedagogically effective physics experiments for high 
school teaching [5].  

Modern research-based computer simulations, such as PhET [6], have partially helped to 
address this issue, but their effects are inconsistent and even in the best case scenario virtual 
simulations should not replace real life physics experiments [7]. One clear advantage of 
simulations is their ability to make the invisible phenomena visible, for example, making visible 
electric current in electric circuit simulations. This begs a question: How can modern technology 
help make the invisible phenomena visible in real life experiments? How can we document 
and share these experiments with physics educators at secondary and post-secondary institutions?  

In our earlier studies, we found that engaging physics teacher-candidates in creating 
educational videos of science experiments motivates them to use these experiments in their own 
classes during the practicum [8]. This motivated us to consider how we can use modern 
technology, such as fast-speed camera, to introduce engaging physics experiments into 
introductory physics teaching and teacher education in order to make the invisible physics concepts 
visible while engaging students in physics experiments.  In this presentation, we will show how 
we used slow motion videos in introductory physics courses and in teacher education to engage 
students in physics learning. The image below (Fig. 1) shows a series of screenshots of the 
shuttering glass experiments that were videotaped live during class and analyzed with the students. 
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Fig. 1 Consequent screenshots of a shuttering glass experiment performed live with a ~5000 frames per second fast-
speed camera. The natural frequency of this wine glasses: ~400 Hz.  

2 Slow-Motion Physics Experiments: Making the invisible visible 

We are currently working on designing slow motion video experiments of fast pace physics 
phenomena relevant to secondary school and introductory physics courses to be performed and 
analyzed during class. While smartphone slow motion features are yet insufficient for these 
experiments and fast speed cameras are still expensive, they are becoming more and more 
affordable. These will be physics tools of the near future. So far, we have seven different 
experiments: resonance in a wine glass, standing waves on strings, interfering water waves, 
Chladni plates, free falling water stream, popping soap bubble, and resonating Chinese Spouting 
Bowl. We have implemented them in both introductory physics courses and in physics methods 
courses and have seen very positive student response. In anonymous course evaluations, physics 
experiments were listed as one of the most memorable and exciting parts of the course. While 
we are yet to collect hard evidence for student learning outcomes, we expect it to shed light on a 
number of promising opportunities. 

3 Conclusion 

In this presentation, we will show how live slow motion physics experiments could be used in 
introductory courses and in teacher education to engage students in meaningful learning and 
inspire them to use modern technologies to make the previously invisible physics visible. 
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Abstract. In this contribution, a teaching unit on thermodynamic processes designed for 
secondary school students is discussed. A possible way of teaching thermodynamic cyclic 
processes, the everyday life usage of heat pumps, are its learning objectives. The experimental 
part of it is based on two thermoacoustic devices, the description of devices, the possible 
measurements and experiments are also presented. 

1. Introduction 

Nowadays there is a great and even increasing gap between the interest of students in 
sciences and the social demand for the scientific knowledge, furthermore there is a growing 
claim to develop environmental conscious people. Classroom experiments and clear 
explanation of everyday life examples help to motivate students, raise their interest and 
encourage them to learn sciences more deeply, which also make them more conscious and 
caring for their environment. 

Thermodynamics is a difficult and very important topic, and a better understanding of not 
only heat engines but heat pumps would be essential, since nowadays the use of heat pumps is 
significantly increasing. It would also be necessary to show students that heat pumps can not 
only be used as cooling devices, but we can also use them for heating large buildings, which 
may provide more efficient and environmentally friendly way of energy utilisation. 

However, the experimental demonstration of thermodynamic cycles is not easy, in this 
article the thermoacoustic heat engine and refrigerator are offered for this purpose.

2. Why Thermoacoustics? 

Although the phenomenon has been known for a long time, the effect was brought to the 
attention of scientists and became technically used in the last three or four decades. [1]

As a classroom experiment it is easy to make the test tube thermoacoustic engine [2]: a test 
tube with some steel wool in it, (called the stack) positioned a bit closer to the closed end of 
the tube. One side of the wool is heated with a spirit burner whilst the other is cooled with 
some wet paper. The test tube gives off sound. (The apparatus and a tablet, used as a sound 
meter, are shown in Fig. 1.) According to previous teaching experiences, it can be emphasized 
that carrying out experiments strengthen the knowledge of students and increase the students’ 
positive attitude to the subject. Another attractive point is that students can use their smart 
phones to investigate the sound emitted by the device. The use of their own smart phones may 
enhance their positive attitude.  

The cycle of the thermoacoustic engine can be reversed and the heat pump can also be 
demonstrated, although it is a bit more demanding to build it, since temperature sensors have 
to be installed into the test tube. Loud sound of appropriate frequency generates a temperature 
difference between the two parts of the tube separated by the stack [3]. 
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Fig. 1 The test tube thermoacoustic engine 
with a sound meter behind showing the reading of 83 dB 

3. The Teaching Unit 

Preliminary investigations showed that students heard only very little about heat pumps 
and their possible ways of using them (apart from the fact that refrigerators and air 
conditioners are both well-known household appliances). [4]

The unit concentrates on both the theoretical background of reversed cyclic processes, and 
their use in everyday life for space heating, and cooling. 

The definition of the COP values of pumps used for heating and cooling can easily be 
understood by the students, as well as the mathematical connection between the two COP 
values and the efficiency of heat engines. Estimations for the COP value of a heat pump can 
be calculated with the help of the Carnot reversed cycle, which shows that the COP strongly 
depends on the temperature of the heat reservoirs. The fact that the COP value of heat pumps 
used for heating is greater than 1, furthermore it can even be 5 or 6 explains why it is a good 
choice to use it as a space heating device. The different types of heat pumps installed into 
buildings can be discussed, (students can research the internet as well), pointing out both their 
advantages and drawbacks. 

4. Conclusion 

Thermoacoustics provides easy classroom experiments with which the cyclic processes of 
engines and heat pumps can be illustrated, whilst the students can use their own smartphones 
to record numerical data or visualize sound. The explanation of the observed phenomena 
connects waves and thermodynamics. 

The discussion of the advantages and drawbacks of the different source of heat pumps used 
for space heating involves in the topic those students as well who do not prefer mathematical 
reasoning. 
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that carrying out experiments strengthen the knowledge of students and increase the students’ 
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Reducing barriers on experiments for students with special needs 
by using tablets

Hannah WECK 

University of Cologne, Chair of Physics Education, Gronewaldstraße 2, 50931 Cologne, Germany 

Abstract Inclusive Education needs ways of thinking to grant the right to access to education, 
and the right to quality education in physic teaching for all students. Its necessity derives from 
the United Nations’ Convention on the Rights of Persons with Disabilities and considers aca-
demic, participatory and personal competencies. A possible educational implementation is out-
lined describing examples from physics teaching for students with special needs by using tab-
lets.

1 Introduction and Theory 

The concept and practice of inclusive education have gained importance in recent years. 
Internationally, the term is increasingly understood more broadly as a reform that supports 
and welcomes diversity amongst all learners [1]. 
Nevertheless, students with disabilities are still combating blatant educational exclusion [2]. 
Therefore, it is important that all children and young people have access to education plus to 
achieve desired outcomes from their education experiences. On first encounter, an universal-
izing access to education like physics teaching for all means to identify barriers, which many 
students encounter in accessing educational opportunities. These barriers might be based e.g. 
on the students’ difficulties with language skills, cognition or motoric abilities.

Experiments are one of the mainstays of physics teaching. On first encounter, students are 
fascinated by experiments. This often changes into frustration because of barriers. Neverthe-
less, all students, even those with special needs, should be able to participate in physics 
teaching the compensation of barriers is necessary (UN Convention on the Rights of Persons 
with Disabilities, 2006). Therefore, it is important to identify the resources to overcome those 
barriers in physics teaching. 

The UN Convention further stipulates that basic learning tools and basic learning content are 
required by all human beings to be e.g. able to develop their full capacities, live and work in 
dignity, make informed decisions and continue learning [3]. Therefore, inclusive physics 
teaching must offer possibilities and opportunities and individual treatment to ensure that no 
student is excluded from participation.

Learning materials can serve as the key to creating physics for all. The use of new technology 
constitutes a vital part of modern societies and should be used whenever possible.  
Tablets as supporting tools have grown into the potential to fulfill this aim. Thus, they can 
grant the right to access to education, and the right to quality education in physic teaching. 
Furthermore, tablets are capable to provide, by individual accesses to experiments, the best 
possible learning progress for all students. Inclusive physics teaching is characterized by a 
move away from rote learning and towards greater emphasis on hands-on, experience-based, 
active and cooperative learning.  
Besides establishing and sustaining an orderly environment so students can engage in 
meaningful academic learning, teachers also aim to enhance students’ social moral growth [4]. 
Especially tablets equipping students with positive attitudes towards. Thus will have implica-

S09-4



167

tions for the students’ education experiences, learning achievements and performances in 
physics. 

The aim of this talk is to focus on the difficulties that students with special needs are facing in 
physics education, and their requirements during experiments in physics teaching. In addition, 
we will introduce fundamental ideas how to use tablets in inclusive classes efficiently. On the 
basis of adaptable physic teaching materials, which are designed and tested in our research,
tips and tricks can be deducted. Besides this, impulses and hints can be transferred to the own 
physic teaching praxis with tablets. In conclusion, possible options are demonstrated to 
expand positive education experiences and to enable equal opportunities for all students in 
physic teaching.

2 Conclusion 

Inclusion is thus seen as a process of addressing and responding to the diversity of needs 
students to increasing e.g. participation in learning physics and reducing and eliminating 
exclusion within and from physics teaching. It involves changes and modifications in content, 
approaches, structures and strategies, with a common vision that covers to educate all 
students. In order to realize this right to education for all students, teachers need to understand 
their role in education and that inclusion of diversity in the classroom is an opportunity, not a 
problem. 
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Abstract. This symposium will showcase different ways in which conceptual understanding is 
studied and/or achieved in the classroom in a university setting and discuss how these 
different approaches align and complement each other. 

Introduction to the Symposium

Physics Education reform efforts articulate a new vision of physics education where teachers 
emphasise the integration of physics concepts with scientific practices. Acquiring conceptual 
understanding in physics usually requires mastery of scientific practices that extend to the 
design of experiments, interpreting the physical meaning of data, and indeed choosing 
strategies for problem solving that exist within a coherent theory of physics. However, even if 
the goal is the same, the teaching environment in which learning happens takes many 
different forms including laboratories and small group tutorials. 

The symposium will comprise of contributions from different approaches. For example, one 
talk will focus on the use of augmented reality and multimedia devices in the physics 
laboratory. It has been shown that use of these devices can assist in the cognitive-affective 
theory of learning. Essentially, the use of smart media and augmented reality helps students 
see quantities not normally perceivable to the human eye (such as heat conduction) [1]. In 
another talk, the introduction of a revised laboratory curriculum will be discussed. 
Specifically, changes in students’ meta-cognitive behaviour during a 10-week closed inquiry 
laboratory course as monitored by conceptual pre and post-lab quizzes show that students 
generally became more appreciative of the modelling of physical phenomena through 
experimental design. 

A third talk will focus on students’ choice of strategies and reasoning in introductory 
electricity and magnetism problems as measured by open ended conceptual pen and paper 
exercises. Specifically, whether students use coherent scientific theories when applying 
reasoning to common E&M scenarios [2]. A fourth talk will look at pre-service and in-service
training of future physics teachers in the context of mini-projects, and practical activities.
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Detailed description of talks 
Talk 1: Michael Thees 
In this contribution, we apply the theoretical framework of multimedia learning to AR 
scenarios in introductory STEM laboratories, resulting in positive hypotheses about students’ 
learning and motivation. Based on major principles of the Cognitive-affective theory of 
learning with media (spatial and temporal contiguity), this tool can (a) provide a real-time 
feedback while sustaining students’ autonomy and authenticity of action, (b) structure 
students’ hands-on experiences, and (c) guide their attention to cue points of knowledge 
construction. 
As first examples of our implementation, two experiments from an introductory physics 
laboratory dealing with heat conduction in metal rods and simple DC circuits are presented 
and discussed. 
Talk 2: Mossy Kelly  
In this talk, we will discuss a newly designed closed inquiry laboratory whose focus is on 
enabling students to develop conceptual understanding through experimental design. We 
found evidence, through online open-ended question responses and student lab reports, that 
students often struggle to apply physical meaning to the data obtained from experiments. In 
one specific example, both online questions and lab reports showed that students have deep 
conceptual misunderstandings of the phenomenon of light scattering. We analyse the data in 
the frame work of cognitive reflection and argue that the source of students’ misconceptions 
are in the mis-use of meta-cognition when interpreting experimental data. We will 
demonstrate the design of a feedback system designed to help students confront these 
misconceptions, and comment on the initial outcomes.  
Talk 3: Mieke De Cock 
In this contribution, we present results on a questionnaire that we administered in an 
introductory course. We ask students to explain the strength of a field in both electrical and 
magnetic situations.  In the analysis of student answers, we focused on the strategies students 
use: reasoning based on force arguments or reasoning based on field arguments. A main 
conclusion is that many students mention general statements in the sense of ‘it is a conductor 
so the field inside is 0’, without referring to either forces or fields. We will present both the 
questions and the categorization of student answers.
Talk 4: Leos Dvorak 
My talk will describe experience with activities aimed at physics teachers and future physics 
teachers that concentrate on practical work – especially practical work which comprises not 
only experiments, measuring and interpreting data but also creating and building simple tools 
and instruments. These activities evolved during last about twenty years, take various forms 
("miniprojects", special seminars and workshops) and proved to be useful for breaking 
various barriers in teachers' and students' minds, namely barriers between theory and "real 
world" (so, also between concepts and their applications), between "university physics" and 
"physics at schools", knowledge and skills etc.
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Abstract. In this contribution, we apply the theoretical framework of multimedia learning to 
Augmented Reality scenarios in introductory STEM (science, technology, engineering, 
mathematics) laboratories, resulting in positive hypotheses about students’ learning and 
motivation. Based on major principles of the cognitive-affective theory of learning with media, 
this tool can (a) provide a real-time feedback while sustaining students’ autonomy and 
authenticity of action, (b) structure students’ hands-on experiences, and (c) guide their attention 
to cue points of learning. 

 

1 Introduction 

Realizing augmented reality (AR) learning scenarios with see-through smartglasses creates a 
wearable educational technology providing active access to various additional information 
without distracting from the physical interaction with the reality.  

By displaying information directly in the user’s field of view while experimenting, the 
combination of real world and virtual objects creates a learning environment that enables 
students to evaluate their own measurements in more detail, to draw conclusions for further 
investigations or functional correlations between physical quantities. The additional 
information may range from detailed instruction or interactive tutorials, over safety guidelines 
to various real-time representations of measurement data.  

 

2 Materials and Methods 

In this contribution, we apply the theoretical framework of multimedia learning to AR 
scenarios in introductory STEM laboratories, resulting in positive hypotheses about students’ 
learning and motivation. Based on major principles of the cognitive-affective theory of 
learning with media [1], e.g. spatial and temporal contiguity, this tool can (a) provide a real-
time feedback while sustaining students’ autonomy and authenticity of action, (b) structure 
students’ hands-on experiences, and (c) guide their attention to cue points of knowledge 
construction.  
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   a)        b)           c)              d) 

Fig. 1 a) Adapted experimental setup “heat conduction in metals”. b) View through the smartglasses with 
additional virtual content (e.g. graph and false-color representation of the temperature). c) Adapted experimental 
setup “Simple DC circuits”. d) View through the smartglasses (pointer instruments as virtual content). 

 

As first examples of our implementation, two experiments from an introductory physics 
laboratory course dealing with heat conduction in metal rods (Fig. 1, a and b) [2] and simple 
DC circuits (Fig. 1, c and d) [3] are presented and discussed.  

The heat conduction experiment is already implemented in the laboratory course for physics 
major students at TU Kaiserslautern. We compared the usage of the smartglasses (intervention 
group) with the traditional setup (control group) during the 3-hour attendance time. 

There, the intervention group is expected to develop a deeper understanding of the underlying 
concepts and cognitive overload situations are expected to be reduced by virtually displaying 
corresponding real-time data on top of the metal rods (Fig. 1, b). The Heat and Temperature 
Concept Evaluation (HTCE) [4] was used as pre- and posttest to investigate changes in 
students’ conceptual knowledge. Additionally, self-reported cognitive load was measured 
using the questionnaire by Leppink et al [5]. 

 

3 Results and Conclusion 

The intervention group showed a significantly higher average score in the conceptual 
knowledge test than the control group [2]. Furthermore, they reported a significantly lower 
extraneous load while the reported intrinsic load was comparable to the one reported by the 
control group [6]. These results are conjoined with our hypotheses and indicate that the 
adapted learning environment support students at key points of the experiment. 
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concepts and cognitive overload situations are expected to be reduced by virtually displaying 
corresponding real-time data on top of the metal rods (Fig. 1, b). The Heat and Temperature 
Concept Evaluation (HTCE) [4] was used as pre- and posttest to investigate changes in 
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3 Results and Conclusion 

The intervention group showed a significantly higher average score in the conceptual 
knowledge test than the control group [2]. Furthermore, they reported a significantly lower 
extraneous load while the reported intrinsic load was comparable to the one reported by the 
control group [6]. These results are conjoined with our hypotheses and indicate that the 
adapted learning environment support students at key points of the experiment. 
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Abstract. This paper reports on students’ use of strategies based on force and field concepts in 
open-ended questions in the context of electromagnetism. We administered questions in different 
universities. To analyse student answers, we used a phenomenographic approach to define 
categories that describe student reasoning. Results show that only a minority of students uses 
strategies based on the field concept.

1 Introduction and problem statement 

When teaching electromagnetism in the introductory physics course, the concepts of electric 
and magnetic fields are introduced.  Conceptually, a (vector) field describes how an object 
makes it presence felt by influencing the space surrounding it; a second object may then feel 
this influence in space. In this way, field theory describes interactions between objects. It is 
more abstract than the Newtonian theory that is based on forces only, but has greater 
explanatory power.  We propose that – as it was done historically - also students are expected 
to refine their thinking from the Coulombic to the Maxwellian point of view. In this research, 
we analyse the tendency of students to use strategies based on the concept of field, such as 
Gauss’ or Ampere’s law, or strategies based on the concept of force, such as the superposition 
principle. We consider the use of field-based strategies as evidence that they no longer think in 
a Coulombic model. 

 
Based on the historical development of the field idea, we have distinguished five key 

characteristics of the electrostatic and magnetostatic field that we deem relevant and attainable 
at the introductory university physics level (selected from characteristics identified by 
[1,14,15]): 

KC1. Charges produce electrostatic fields and moving charges produce magnetic fields. 
KC2. Force and field are different concepts, even though they are tightly connected. 
KC3. Fields exert forces only on their sources: gravitational fields exert forces only on mass, 
electric fields on charge, magnetic fields on moving charge. 
KC4. There is no “self-interaction,” that is, the electric field created by a point charge or the 
magnetic field created by a moving charge does not exert a force on that position. 
KC5. Changes in the fields are not instantaneous but propagate at the speed of the light. 

 
While KC1–4 can be accommodated by Newtonian or Maxwellian models, KC5 only makes 

sense in a Maxwellian model. 
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This paper reports on part of a research project in which we investigate students’ difficulties 
in learning the concepts of electric and magnetic field and how they progress from a reasoning 
based on a force concept to a reasoning based on the field concept. An earlier study [4] in this 
context showed that only few students use field theory explicitly or implicitly, and among those 
that do, many do not have a coherent picture of force and field. 

In this contribution, we present results of a second part of the study in which we study 
whether students use strategies based on the concept of field or on force.  

2 Design of questions and setup of categorization scheme

To study student strategies, we designed several open-ended questions. In the two questions we 
report on, we asked students whether the electric field inside and outside a very long uniformly 
charged cylinder, and the magnetic field inside and outside a very long wire carrying a 
uniformly distributed current, are zero or non-zero, and to explain their answers. As the 
questions focus on students’ reasoning, they are not mathematically complex.

We gave the questions to cohorts of students at different universities. The students’ answers to 
the questions were subjected to rigorous phenomenographic analysis [5] and using an iterative 
process, a categorization scheme to describe findings from all student groups, was build.  

3 Results

The students’ answers were categorized as follows: 
A) Based on Gauss’ Law or Ampère’s Law, correct or incorrect; 
B) Based on superposition principle, correct or incorrect; 
C) Based on a general statement (referring to material properties, geometrical properties, or 
the link between the source and the existence of a field); 
D) Incoherent/no explanation/no answer. 
 
4  Conclusion 
 

We have reported on the design of open-ended questions to investigate students’ choice 
of strategy when solving problems in the context of electromagnetism and on the setup of a 
categorization scheme that allows for the description of student answers from different 
universities. Preliminary results show that many students rely on superposition or general 
descriptions when answering the questions.  In the presentation we will describe the building 
process of the categorization scheme and student results in more detail. 
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Abstract. The talk will be part of the symposium “Different approaches to helping students 
develop conceptual understanding in university physics”. It will describe experience with 
activities aimed at physics teachers and future physics teachers that concentrate on practical work 
– especially practical work which comprises not only experiments, measuring and interpreting 
data but also creating and building simple tools and instruments. These activities evolved during 
last about twenty years, take various forms and proved to be useful for breaking various barriers 
in teachers’ and students’ minds. 

1 Introduction 

Years ago, prospective physics teachers at our faculty complained there was a gap between 
“university physics” they studied and “school physics” they expected to teach in schools. 
Motivated by these complains and using experience with some non-formal educational activities 
for secondary school students we, in the course of some years, developed a system of seminars 
and other activities aimed at future physics teachers. (These activities include, among others, 
“spring camps” for future physics teachers, see [1]) This system gradually became 
interconnected with a long-term informal project “Heureka” aimed at physics teachers in schools 
[2].  

The system is still evolving but the experience shows it is reasonably successful in breaking 
or at least reducing various barriers in teachers’ and students’ minds, namely barriers between 
theory and “real world” (so, also between concepts and their applications), between “university 
physics” and “physics at schools”, knowledge and skills etc. 

2 Practical work: more than experiments 

Activities at our seminars include a lot of practical work – and not only experiments, 
measuring and interpreting data. They include also creating and building simple tools and 
instruments. (Some of these tools were described, e.g., in [3] – [5].) Building of such simple 
devices proved to be very motivating for both teachers and future physics teachers. For both 
groups this “do-it-yourself” approach increases their self-confidence (see [6]); this can be clearly 
seen from the feedback at the end of the seminars and workshops. Further strong motivation 
factor for physics teachers lies in the fact that they build the tools themselves for themselves: the 
results of their work are theirs; they take them and can use them in their classes (and they do so). 
The sense of “ownership” and the pride that they mastered building of devices that work is 
obvious and these activities are typically most valued and appreciated at our seminars and 
workshops. 

Though it may seem that these practical activities are just of the “hands-on” type, they include 
perhaps a less visible (or a bit “tacit”) but important “minds-on” component. The participants 
explore how the devices work, have to find what to fix if the device does not work properly (or at 
all) and discuss how to use them in school experiments.  

S10-3



179

3 Conclusion: positive experience 

As it was indicated above, the system of seminars, workshops and other activities aimed at 
Czech physics teachers still evolves. Presently, this system, offering and stimulating inquiry and 
active work and providing opportunity to share experience, helps many hundreds of physics 
teachers [7]. The same principles are applied in in-service teacher training (see, e.g., [8]). In the 
talk, both overall positive experience with this approach and concrete examples what teachers 
and future teachers can create and how it can help them in their mastering and understanding 
physics will be presented. 
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Abstract. This paper reports on students’ use of reasoning when interpreting experimental data 
either in online concept quizzes, or lab reports. We found that students in general struggle to 
apply coherent mental models when asked to do practical activities and hypothesize that 
cognitive reflection is part of the problem.  

1 Introduction and problem statement 

Practical physics instruction can take many forms and have many aims. In a revised 
curriculum in a UK research intensive university, we developed a series of closed inquiry 
activities with the aim of helping students develop skills in experimental design, and data 
evaluation. A secondary aim was to develop students’ ability to construct meaningful 
physics knowledge directly from the evaluation of scientific data, rather than ratifying 
existing knowledge from the data.  From qualitative analysis of bi-weekly lab reports, we 
found evidence that students exhibited well-known representational fluency, and 
representational interpretation difficulties. In particular, when studying the phenomenon of 
scattering of light from suspended particles, students often conflated the strength of the 
scattered signal with the scattering rate. We analyze these data in the framework of mental 
models and hypothesize that cognitive reflection is a difficulty that limits students’ ability 
with the ramification aspect of coherent scientific models.  

2 Design of questions and setup of categorization scheme 

To explain the observation in the lab reports, we asked a series of pre-lab conceptual 
questions on the phenomenon of light scattering.  

 
Figure 1 Example conceptual question asked of students. After choosing an answer, students were asked to explain their 
reasoning. 
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The questions were administered online to be taken before the students started the activity, and 
were open-ended and not mathematically complex in nature. The way the lab worked, students 
took this particular activity at different points in the semester. 
 

 
Figure 2 Example of a question that asks students about ramification. After choosing an answer, students were asked to 
explain their answer. 

3 Results 

We analyzed the pre-lab concept questions, post-lab concept questions, and lab reports to 
discover how students’ use of cognitive reflection as the semester progressed. We concluded 
the following: 

 Early in the semester, students tended to apply causal reasoning with little cognitive 
reflection. For example, most students for the question above said that the amount of 
light scattered would increase. Their reasoning being that if there were more particles, 
there would be more scattering and so the intensity would increase.  

 As the semester progressed, the number of students using this type of reasoning 
decreased which we believe to be evidence for increased use of cognitive reflection.  

 We can see evidence for the development of mental models through qualitative 
analysis of lab reports. Here, we can see how students use cognitive reflection in the 
ramification part of mental modelling.  

 
4  Conclusion 
 

We have reported on the design and implementation of conceptual questionnaires to 
understand how students apply reasoning to the interpretation of scientific data, specifically in 
how they use cognitive reflection. We have found that before instruction, students tended to 
apply causal reasoning to predict experimental phenomena. We hypothesis that this is due to 
difficulties that students have when using cognitive reflection during the mental modelling 
process and that this affects their ability to deal with the ramifications step of building a 
coherent model.  
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Abstract. In the past several decades, systematic research has identified significant conceptual 
difficulties in a number of physics topics and led to the development of more effective 
instruction.  Nevertheless, some physics problems still prove very difficult for students, even 
those who can demonstrate sound conceptual understanding.  Dual-process theories of 
reasoning suggest that the tendency to reply on quick, intuitive judgments may be a critical 
factor.  We are using these theories to enhance the effectiveness of instruction.  Our findings 
illustrate how theories from cognitive science can guide the development and refinement of 
research-based instructional materials. 

1 Introduction 

Over the past several decades, physics education researchers have identified student 
difficulties with many physics concepts and developed instructional strategies that 
significantly improve student performance in many contexts.[1] At the same time, researchers 
have identified many contexts in which multiple refinements of instructional materials did not 
necessarily lead to desired improvements in performance. Recent investigations have revealed 
that some patterns of persistent incorrect responses may be due to reasoning difficulties rather 
than to a lack of relevant conceptual understanding [2].  

Research in cognitive psychology suggests that most general reasoning patterns can be 
attributed to two cognitive processes [3], [4]. Process 1 (often referred to as the heuristic
process) is described as quick, intuitive, and effortless; it is responsible for developing a “first 
impression” mental model of (or a way of thinking about) presented situations. Process 2 
(often referred to as the analytic process) is slow, thoughtful, conscious, and effortful; it is 
capable of producing logic-based or rule-based reasoning.  These theories provide an 
alternative explanation for many student errors that appear to implicate conceptual 
difficulties.  In this study, we use these dual-process theories of reasoning as a lens for 
interpreting observed patterns of student reasoning in the context of buoyancy.[5]  

2 Experiments and analysis 

Most of the data were collected in large enrolment introductory university courses taken by 
prospective engineering and physics students in the United States.  The focus was on 
performance on a written task about buoyancy that has been referred to in previous studies as 
the five-blocks task (see Figure 1).[6], [7] The most common incorrect response is that blocks 
3 and 4 will rest, fully submerged, with block 3 somewhat higher than 4.  (We accepted as 
correct all responses that indicated that either block 3 or block 4 could be neutrally buoyant, 
but not both.)  In previous studies we identified serious conceptual difficulties but 
acknowledged that many student responses were incoherent. The current investigation began 
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from the assumption that in some cases, students made a quick, intuitive prediction and then 
wrote an explanation to support that prediction. 

Fig. 1: The original "Five blocks problem" 

3 Results 

We administered several variations of the problem to determine whether surface features 
were encouraging students to generate and rely on intuitive responses.  For example, we 
altered the order in which the blocks appear on the figure that accompanies the problem.  
There was no significant impact on performance. Instructional modifications designed to 
diminish the intuitive appeal of the first-available response led to significantly improved 
performance, without improving student conceptual understanding of the requisite buoyancy 
concepts.  These findings represent an step in identifying systematic strategies for using 
theories from cognitive science to guide the development and refinement of research-based 
instructional materials. 
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Abstract. This study aims to assess first-year physiotherapy and rehabilitation (PR) department 
students’ misconceptions about simple electric circuits. Sixty-students (F:50 M:10) participated 
into the study at the beginning of 2018 spring term. For this purpose, misconceptions were 
assessed by a three-tier test, the Simple Electric Circuits Diagnostic Test (SECDT). Eleven 
misconception categories were analyzed by using all tier combinations. According to data 
analysis results, the PR students held misconceptions in three categories mostly: “clashing current 
model” (%28), “short circuit misconception” (%12), and “local reasoning” (%48). However, 
when all responses in a category were combined, no misconceptions were detected in the group.

1 Introduction 

In this study, our aim was to determine alternative conceptions of the first-year undergraduate 
students enrolled in the Physiotherapy and Rehabilitation (PR) department at Başkent University. 
The PR program is a multidisciplinary program based primarily on physics and anatomy. In their 
first-year, the PR students take two physics courses (a) mechanics and (b) electricity and 
magnetism. 

The alternative conceptions that students held create special/challenging situations in physics 
courses [1]. Several studies on misconceptions in science education revealed that these 
conceptions become barrier in students’ learning process. Therefore, detection of misconceptions
by using diagnostic tests may be a part of teaching process to deal and remedy these conceptions. 

Misconception tests show variations in terms of number of items to detect alternative 
conceptions [2]. Initially, these multiple-choice (MC) misconception tests were including one-
tier items to detect students’ misconceptions. Consequently, the number of tiers was increased 
throughout the years and four-tier MC misconception tests emerged in the field. However, there 
are still few number of misconception tests in particular physics topics.

2 Methodology

This study was conducted in the 2018-2019 spring term at Başkent University. There were 60 
participants including 50 female and 10 male students. The age of participants ranged from 19 to 
22 with an average of 20.2. All students enrolled in the FTR124: Physics II course for the first 
time that the course covers topics about electricity and magnetism. 

In order to assess students’ alternative conceptions about electricity topic, students were 
assessed by a three-tier test called the Simple Electric Circuits Diagnostic Test (SECDT) [3]. The 
test consists of 12 x 3 questions detecting 11 misconception categories: “M1: Sink Model”, 
“M2:Attenuation model”, “M3:Shared Current Model”, “M4:Clashing Current  Model”, “M5: 
Empirical Rule Model”, “M6: Short Circuit Misconception”, “M7: Power supply as a constant 
current source model”, “M8: Parallel circuit misconception”, “M9: Sequential reasoning”, “M10: 
Local reasoning”, and “M11: Current flow as water flow”. 

The test was administered in a lecture-hour for two sections of the course.  All students 
responded the questions and completed the test within 30 minutes. The data analysis was 
completed by 1-tier, 2-tier and 3-tier analysis in order to obtain detailed information about 
students’ misconceptions. 

A01-2

from the assumption that in some cases, students made a quick, intuitive prediction and then 
wrote an explanation to support that prediction. 

Fig. 1: The original "Five blocks problem" 

3 Results 

We administered several variations of the problem to determine whether surface features 
were encouraging students to generate and rely on intuitive responses.  For example, we 
altered the order in which the blocks appear on the figure that accompanies the problem.  
There was no significant impact on performance. Instructional modifications designed to 
diminish the intuitive appeal of the first-available response led to significantly improved 
performance, without improving student conceptual understanding of the requisite buoyancy 
concepts.  These findings represent an step in identifying systematic strategies for using 
theories from cognitive science to guide the development and refinement of research-based 
instructional materials. 
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3 Results 

According to results of the one-tier analysis, the PR students (more than %10) held 
misconceptions mostly in M1, M6, M7, M8, M9 and M10 categories. However, these results are 
obtained from individual analysis of the items. When two or three questions in a misconception 
category were combined, the percentage was reduced dramatically. When two-tier analysis was 
considered, the M4, M6, M7, M9 and M10 categories remained as the misconceptions which 
students held mostly. When the combinations of two questions in a category checked, M4, M7 
and M10 categories was found higher than 10 percent of the sample. Lastly, the three-tier 
analysis was performed. When the items were considered separately, frequencies of M4 (%28),
M6 (%12), and M10 (%48) was still higher as in previous analyses. However, combinations of 
two or more items was taken into consideration, we could not detect any misconceptions higher 
than %10 in these categories as shown in Table 1. 

Table 1. The results of three-tier analysis of the SECDT 

Misconception category Item Combinations Frequency
M4 1.1b 1.2b 1.3a 17

10.1a 10.2a 10.3a 6
1.1b 1.2b 1.3a  10.1a 10.2a 10.3a 3

M6 8.1b 8.2b 8.3a 7
8.1c 8.2c 8.3a 2
10.1a 10.2c 10.3a 1
12.1b 12.2d 12.3a 3
8.1b 8.2b 8.3a  10.1a 10.2c 10.3a 0
8.1b 8.2b 8.3a  12.1b 12.2d 12.3a 1
8.1c 8.2c 8.3a  10.1a 10.2c 10.3a 0
8.1c 8.2c 8.3a  12.1b 12.2d 12.3a 0
10.1a 10.2c 10.3a  12.1b 12.2d 12.3a 0
8.1b 8.2b 8.3a  10.1a 10.2c 10.3a  12.1b 12.2d 12.3a 0
8.1c 8.2c 8.3a  10.1a 10.2c 10.3a  12.1b 12.2d 12.3a 0

M10 2.1a 2.2a 2.3a 29
5.1a 5.2b 5.3a 1
12.1a 12.2c 12.3a 1
2.1a 2.2a 2.3a  5.1a 5.2b 5.3a 1
2.1a 2.2a 2.3a  12.1a 12.2c 12.3a 0
5.1a 5.2b 5.3a  12.1a 12.2c 12.3a 0
2.1a 2.2a 2.3a  5.1a 5.2b 5.3a  12.1a 12.2c 12.3a 0

4 Discussion 

The results indicated that using three-tier test which questions students’ confidence in his/her 
responses change entire picture about misconceptions. The clashing current model, short circuit 
misconception and local reasoning categories were found as highly frequent misconceptions 
within the group. These misconceptions are most commonly held misconceptions in the literature 
that the sample of the study showed similar trend. However, the results showed that students 
were not confident about their answers. 
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Abstract. Teaching sequences were compiled to advance students’ mental models that stem from 
their real-life experiences towards physical system models and mathematical models. The design 
principles that guided the compilation of the sequences took into account relevant theoretical aspects 
concerning student learning and physics practices. These include cognitive refinement, 
constructivist learning, semiotics, as well as conceptual and epistemological physics frameworks. 
The characteristics of the physics models used in the sequence were analysed. Hidden/a-present 
variables and conventions that should be explicated in the models and its representations are 
discussed. Although the teaching sequences in mechanics and electricity adhere to similar 
modelling processes, nuanced differences need attention. 

1 Motivation and Research Questions  

Mathematical modelling of real-life phenomena is a prime goal of physics. Physics models 
differ in various aspects with students’ mental models based on their daily life experiences, and 
students should learn to look at the world through the lens of physics and to handle modelling 
cycles with ease. The aim of this research is to compile teaching sequences in mechanics and 
electricity to refine introductory physics students’ mental models for conceptual and 
epistemological comprehension of introductory physics topics. The research questions are: 

a. What design principles derived from learning perspectives and physics frameworks are 
relevant for enhanced conceptual and epistemological comprehension?  
b. What model-based teaching sequences comprising of constellations of activities in 
classical mechanics and basic electricity adhere to the design principles? 
c. What model-based factors have to be explicated in the sequence?  

2 Design Principles 

The design principles of the study were derived from theoretical perspectives of learning as 
well as the theory and practice of physics. Cognitive factors of learning include attention to 
relevant features of observed phenomena, cueing of existing knowledge, discernment, 
generalization and abstraction [1]. Effective use of semiotic modes such as words, diagrams 
and graphs aid students in making sense of information in a specific context [2]. Students’ 
knowledge should gradually be constructed as coherent conceptual frameworks with the 
effective implementation of these cognitive factors and semiotic resources. 

Physics models are characterized by its target system, assumptions, representations and 
underlying concepts [3]. Four major modelling processes are simplification of real-life 
experiences into physical systems models, mathematization by integrating mathematics, 
interpretation in new situations and validation of constructed models [4, 5].  
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3 Results 

According to results of the one-tier analysis, the PR students (more than %10) held 
misconceptions mostly in M1, M6, M7, M8, M9 and M10 categories. However, these results are 
obtained from individual analysis of the items. When two or three questions in a misconception 
category were combined, the percentage was reduced dramatically. When two-tier analysis was 
considered, the M4, M6, M7, M9 and M10 categories remained as the misconceptions which 
students held mostly. When the combinations of two questions in a category checked, M4, M7 
and M10 categories was found higher than 10 percent of the sample. Lastly, the three-tier 
analysis was performed. When the items were considered separately, frequencies of M4 (%28),
M6 (%12), and M10 (%48) was still higher as in previous analyses. However, combinations of 
two or more items was taken into consideration, we could not detect any misconceptions higher 
than %10 in these categories as shown in Table 1. 

Table 1. The results of three-tier analysis of the SECDT 

Misconception category Item Combinations Frequency
M4 1.1b 1.2b 1.3a 17

10.1a 10.2a 10.3a 6
1.1b 1.2b 1.3a  10.1a 10.2a 10.3a 3
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M10 2.1a 2.2a 2.3a 29
5.1a 5.2b 5.3a 1
12.1a 12.2c 12.3a 1
2.1a 2.2a 2.3a  5.1a 5.2b 5.3a 1
2.1a 2.2a 2.3a  12.1a 12.2c 12.3a 0
5.1a 5.2b 5.3a  12.1a 12.2c 12.3a 0
2.1a 2.2a 2.3a  5.1a 5.2b 5.3a  12.1a 12.2c 12.3a 0

4 Discussion 

The results indicated that using three-tier test which questions students’ confidence in his/her 
responses change entire picture about misconceptions. The clashing current model, short circuit 
misconception and local reasoning categories were found as highly frequent misconceptions 
within the group. These misconceptions are most commonly held misconceptions in the literature 
that the sample of the study showed similar trend. However, the results showed that students 
were not confident about their answers. 
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3 Teaching Sequences 

Based on the design principles, teaching sequences were compiled in classical mechanics and 
electricity for introductory school or college physics students. The sequences contain 
constellations of representations with the intention to aid progression of students’ mental models 
from experiential to physical systems and mathematical models. Affordances of each 
representation are discussed in terms of model characteristics. Throughout the sequences the 
emphasis is on epistemological aspects such as conventions, coherence and consistency. These 
aspects are often neglected in teaching and textbooks.  

Characteristics of models used in the mechanics and electricity sequences show essential 
differences. A reason for this is that macroscopic phenomena in electricity are explained on a
microscopic level and uses specific symbolic representational language.  

4 Conclusion and Future Research 

The teaching sequences take into account perspectives from both learning theories and physics 
practice and provide for gradual, progressive learning. The compilation of such sequences and 
thinking on how each representation or model can afford conceptual and epistemological 
understanding are expected to contribute to students’ personal knowledge and understanding of 
the subject of physics and its processes.  

Parts of the sequences have already been investigated with promising results. Future research 
should entail comprehensive, in-depth investigation of entire sequences to determine the role of 
every activity as well as the effectiveness of the sequence. 
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conceptual coherence in physics knowledge 
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Abstract. The sequence of representations used to introduce new knowedge and the context in 
which this is done are both critical to effectively build on prior knowledge and establish 

conceptual coherence in physics knowledge. In developing principles to guide the design of fine 
grained teaching–learning activities and implementing the activities using specific 

representations, both theoretical aspects and pedagogical practices were considered. A teaching-
learning activity based on a conceptual qualitative approach that progresses towards a 

conceptual interpretation of mathematical representations such as graphs and equations, is used
to indicate how these design principles contribute to develop activities that enhance coherence 

in physics knowledge.

Motivation 

Many learning theories have always had one common feature: it is important to identify 
what students already know before teaching them [1][2]. Because learning is a process of 
knowledge construction undertaken by an individual, new knowledge is elaborated and/or 
reconstructed from this basis [3]. The importance of the situation in which the knowledge is 
introduced is emphasized because relations between prior - and new knowledge elements are 
constructed according to student’s “overall understanding of the situation” [4]. The lack of 
perceived coherence of the structure of physics knowledge is among the principal causes of 
student failure to achieve conceptual understanding in physics [5]. A teaching-learning 
activity informed by the design principles described below was designed to enhance 
coherence between physics concepts and representations. 

Design principles for fine grained, topic specific, teaching-learning activities 

Design principle 1:

 Determine what student current conceptions and knowledge are and build on that. This 
principle is aligned with the Constructivist approach. 

Design principle 2:  

Considering the links between the real and the physics worlds, presented in the form of the 
conditional statements that are central to the physics world. These conditional statements are 
often intended to simplify the physics of the real world situation. Explaining the conditional 
statements, the logical operations each implies and the consequences thereof serve to counter 
student perceptions that physics concepts are unrelated and only apply to specific individual 
situations. 

Design principle 3:  

Identify core concepts in the content material that need to be enhanced, including concepts 
that students may never have thought about (e.g. threshold concepts, alternative conceptions, 
missing conceptions). Not only should students understand underlying concepts, but also they 
should know when and where these concepts apply as well as implications for the web of 
connected concepts related to the core concepts.  
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3 Teaching Sequences 

Based on the design principles, teaching sequences were compiled in classical mechanics and 
electricity for introductory school or college physics students. The sequences contain 
constellations of representations with the intention to aid progression of students’ mental models 
from experiential to physical systems and mathematical models. Affordances of each 
representation are discussed in terms of model characteristics. Throughout the sequences the 
emphasis is on epistemological aspects such as conventions, coherence and consistency. These 
aspects are often neglected in teaching and textbooks.  

Characteristics of models used in the mechanics and electricity sequences show essential 
differences. A reason for this is that macroscopic phenomena in electricity are explained on a
microscopic level and uses specific symbolic representational language.  

4 Conclusion and Future Research 

The teaching sequences take into account perspectives from both learning theories and physics 
practice and provide for gradual, progressive learning. The compilation of such sequences and 
thinking on how each representation or model can afford conceptual and epistemological 
understanding are expected to contribute to students’ personal knowledge and understanding of 
the subject of physics and its processes.  

Parts of the sequences have already been investigated with promising results. Future research 
should entail comprehensive, in-depth investigation of entire sequences to determine the role of 
every activity as well as the effectiveness of the sequence. 
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Design principle 4:  

Establish conceptual coherence in physics knowledge.
Two forms of coherence that are needed for “conceptual coherence in physics” are coherence 
across the concepts of physics and coherence across representations used in physics.  
i) Coherence of concepts: Physics concepts should be introduced from a conceptual 

qualitative approach rather than from a mathematical approach.  
ii) Coherence across representations: The linking of various representations in a physics 

system purposefully selected/designed for a specific physics concept can enhance student 
understanding of the coherence between physics concepts. For the domain of kinematics, 
motion diagrams were identified as being critical additional representations in qualitatively 
relating the various physics concepts that are usually quantitatively represented by 
equations  

Teaching-learning activities 

In this paper the focus is on a conceptual approach to kinematics. The changes in 
displacement and velocity during specific time intervals are related to the fundamental concept 
of acceleration but are presented as the effect or result of acceleration as opposed to the 
mathematical approach to acceleration as the time derivative of the change in velocity. To 
expand and clarify this relationship, a constellation of representations was compiled [6]. Of the 
representations in the constellation, motion diagrams were identified as critical.  

In the teaching - learning activity motion diagrams are used extensively to relate the different 
physics quantities involved in the motion. The motion diagrams were intended to enhance 
student conceptual understanding by enabling visualizing of the objects’ motion and linking the 
motion and the different variables that applied to the motion diagram, for example, acceleration, 
velocity and displacement, to other representations of the same motion e.g. physics equations or 
graphs. The constellation of representations was intended, and indeed succeeded, to enhance 
coherence of relationships between different physics concepts.  

 Conclusion 

Comparison of student answers before and after implementation of the design principles in 
the domain of kinematics indicated that the design principles were valid and useful to design an 
appropriate teaching - learning activity. The post-instruction student answers supported the value 
of implementing motion diagrams to enhance coherence between physics concepts. It is useful 
for teachers need to know which representations are critical for understanding the material they 
wish to teach and in what sequence they have to be included to achieve their pedagogical goals.
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Beauty and Physics – Physics projects based on 
modern esthetic and medical treatments 
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Abstract. Physics as a natural science seeks to answer the questions that arise in the world 
around us. One of the fields of motivation is to show the students that several devices and 
treatments used in beauty industry or for staying healthy applies physics laws and phenomena.
Examining the physical background of different modern treatments can be used to raise simple 
and complicated issues in Physics and also gives us the opportunity to carry out qualitative or 
quantitative experiments. We believe that these projects assist the students in a better 
understanding of Physics and also encourage teachers to make the subject more interesting.

1. Introduction 

“Pure logical thinking cannot yield us any knowledge of the empirical world, all 
knowledge of reality starts from experience and ends in it.” (Albert Einstein) 

Physics as a natural science seeks to answer the questions that arise in the world around 
us. Our knowledge of Physics helps us understand natural phenomena and the important 
effects influencing human life. 

Still, presently, the standing and the popularity of Physics as a school subject is negative 
both in Hungary and abroad [1]. Recently many scientists and teachers have endeavoured to 
change this disadvantageous situation by developing more and more up-to-date methods.  Of 
course, no best solution exists and most probably the future will not bring us a one and only 
method that will in all circumstances encourage students to gain enough impetus for their 
academic efforts. In my study therefore I introduce a project-based method that has the 
potential to increase the popularity of Physics as a school subject at secondary or higher level 
using new scientific content. 

One of the fields of motivation is to show the students that several devices and treatments 
used in beauty industry or for staying healthy apply physics laws and phenomena. These 
topics create chances for the student to relate the lesson content to reality. In this context we 
present a semester-long, project-based program in which students investigated the working 
principle of an electric device or a medical treatment week by week.  

2. Results and discussions 

Electric devices such as flat iron or hair-dryer, facial ozone streamers, impulse light or 
laser hair remover can both raise and sustain students` interest while examining the physical 
background. They can be used to raise simple and complicated issues and they also give us 
the opportunity to carry out qualitative or quantitative experiments. Although at first sight 
these treatments are mostly for girls and these devices are mostly used by girls, after the 
investigation students can realize that most of these treatment methods are used in the other 
fields of life as well. For example ozone streamers are not only used by women to clean their 
faces, but even companies to fertilize ski-boots, helmets, cars or even rooms.  

Students can understand that radio waves can be used in beauty industry not only for 
wrinkle removal but for varicose vein treatments as well, as the working effect is based on the 
same principle:  using the heat energy transferred in radio waves. Radiofrequency is a non-
invasive wrinkle treatment, in which thermal energy warms the deep layers of the skin to 
stimulate collagen production and promote tissue contraction for improved skin quality. 
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Design principle 4:  

Establish conceptual coherence in physics knowledge.
Two forms of coherence that are needed for “conceptual coherence in physics” are coherence 
across the concepts of physics and coherence across representations used in physics.  
i) Coherence of concepts: Physics concepts should be introduced from a conceptual 

qualitative approach rather than from a mathematical approach.  
ii) Coherence across representations: The linking of various representations in a physics 

system purposefully selected/designed for a specific physics concept can enhance student 
understanding of the coherence between physics concepts. For the domain of kinematics, 
motion diagrams were identified as being critical additional representations in qualitatively 
relating the various physics concepts that are usually quantitatively represented by 
equations  

Teaching-learning activities 

In this paper the focus is on a conceptual approach to kinematics. The changes in 
displacement and velocity during specific time intervals are related to the fundamental concept 
of acceleration but are presented as the effect or result of acceleration as opposed to the 
mathematical approach to acceleration as the time derivative of the change in velocity. To 
expand and clarify this relationship, a constellation of representations was compiled [6]. Of the 
representations in the constellation, motion diagrams were identified as critical.  

In the teaching - learning activity motion diagrams are used extensively to relate the different 
physics quantities involved in the motion. The motion diagrams were intended to enhance 
student conceptual understanding by enabling visualizing of the objects’ motion and linking the 
motion and the different variables that applied to the motion diagram, for example, acceleration, 
velocity and displacement, to other representations of the same motion e.g. physics equations or 
graphs. The constellation of representations was intended, and indeed succeeded, to enhance 
coherence of relationships between different physics concepts.  

 Conclusion 

Comparison of student answers before and after implementation of the design principles in 
the domain of kinematics indicated that the design principles were valid and useful to design an 
appropriate teaching - learning activity. The post-instruction student answers supported the value 
of implementing motion diagrams to enhance coherence between physics concepts. It is useful 
for teachers need to know which representations are critical for understanding the material they 
wish to teach and in what sequence they have to be included to achieve their pedagogical goals.
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Radiofrequency ablation is a minimal invasive treatment when the walls of the vein are heated 
up and damaged [3].

Another parallel application of the same physics principle is the different kinds of 
ablations. In beauty treatments with the help of little crystals, pure water or a diamond head 
the upper, dried or damaged layer of the skin has been erased to get a smooth, tight and 
renewed skin. In the industry dry ice is used for the same purpose. Dry ice blusters use the 
solid form of carbon-dioxide to clean surfaces and machines as carbon-dioxid is nonabrasive, 
nonflammable and non-toxic. Dry ice is accelerated in a pressurized air stream and directed to 
the surface (e. g. to a graffiti on a wall). The high kinetic energy, the quick sublimation of 
carbon-dioxide, the enormous change in the volume and the thermal expansion of different 
materials make the pollution break and peel off the surface [4].

During the first semester students (aged 16-17) took part in 12 projects in which they 
investigated 12 different modern beauty or medical treatments advertised in media, finding 
the basic physics principles behind the procedure and made experiments with the available 
devices. For example with an UV lamp used for UV gel nail polish participants checked 
whether their sunglasses could filter ultraviolet rays or not. They applied a thin layer of  
special UV nail polish to a little sheet of plastic and every student put his or her sunglass 
between the layer and the UV lamp. If that sunglass was not of a good quality, the nail polish 
had been hardened, if the lens of the sunglass filtered the most of the UV rays, the layer 
remained liquid.  

3. Results 

Before and after the projects we measured participating students’ attitudes with a short 
questionnaire. We found that each student had a more positive attitude towards Physics after 
taking part in the Science Club, seeing it as a more interesting and a more useful subject. We 
believe that these projects assist the students in a better understanding of Physics and also 
encourage teachers to make the subject more interesting. When selecting the topics, we 
focused on several key issues of our everyday lives through an integrated scientific aspect in a 
practice-oriented way using both the project method and the method of teamwork. To broaden 
students’ knowledge in Physics, these projects arranged around modern treatments can be 
interpreted, explained and applied at different levels according to the age group of students. 
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Field lines in art and physics
Tamás Stonawski  

University of Nyíregyháza, Nyíregyháza, Hungary  

The physical space surrounding us is not empty, it is filled by objects and fields. Macroscopic 
objects are visible but fields can only be detected with sensitive instruments rather than the 
naked eye. Physicists introduced visual clues (field lines, trajectories, streamlines, equipotential 
surfaces) based on helpful mathematical concepts to characterize invisible physical fields. 
These illustrations are used in high school-level physics but – due to their abstract nature – are 
not easily understood by students. Most of the confusion is caused by students mistaking the 
plotted auxiliary concepts for physical reality. We can help understanding by drawing parallels 
between the visual representation of fields and the technical methods used by a painter to 
express the subject. 

Drawing paralels between fields in science and art  

When teaching physics, fields first take the stage when the subject is electrostatics. The 
source of the field is the electric charge. Discussing the electric field of a point charge we 
introduce concepts like field strength vectors, field lines, equipotential surfaces and the 
relationships thereof; then we extend this description to more complex fields. The central field 
surrounding a point charge can be calculated using Coulomb’s law as well as experimentally. 
The procedure for the latter is the following: we pour oil in a thin layer into a round flat-
bottomed glass dish, scatter semolina on the oil, place a metal disk in the middle and connect 
the disk to an influence machine. The grains of semolina around the electrically charged 
central disk get polarized (become dipoles) and align themselves along the field lines. Shining 
light through the glass dish, the field line structure of the point charge can be projected on the 
wall or the ceiling (Fig. 1). The image produced in this experiment shows tangibly that the 
source of the field is the electric charge. Close to the center field lines are dense, further away 
the radially arranged lines of semolina grow apart. We can show that changing field line 

density corresponds to changing field strength.
Fig. 1: Textbook illustration of the field of a point charge – Experimental image of a central field – Street 

light, painting by G. Balla (1909) 
The central electric field of a point charge resembles the light distribution of a point-like light 
source. The Italian futurist artist G. Balla paints this very expressively in his 1909 painting 
Street light. The light emanating isotropically from the source is pictured by colorful lines and 
by the light intensity diminishing rapidly as the distance from the light increases. Another 
interesting facet of the painting is that a concept of modern physics appears in it: the small 
colorful lines signal the well-known photon (particle) aspect of light. The flow of continuous 
media in physics is characterized with trajectories following the movement of fluid elements.  
Streamlines are curves whose tangent at any point gives the direction of the velocity vector of 
the fluid particles in the flow. The magnitude of the velocity is shown by the density of field 
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Fig.4 Edvard Munch: The 
Scream (1893)  

lines. When the flow is relatively slow and viscous, layers of the fluid move at constant speed 
and both the streamlines and the trajectories are straight parallel lines. At higher speed –
especially if there are obstacles obstructing it – the flow becomes less ordered, the streamlines 

become curved (vortex) and tangled, changing continuously and untraceably. The flow is said 
to be turbulent. 
Fig. 2 Slow, laminar flow around an obstacle – Kármán vortex street behind an obstacle – High-speed chaotic 
(turbulent) flow 

Streamlines are often depicted in paintings as well. The 
turbulent flow apparent in the painting Starry Night by van 
Gogh evokes the impression of an approaching storm or 
strong wind. In the picture we can easily recognize a so-
called von Kármán vortex street, created behind obstacles 

(mountains) obstructing intensive 
flow. 

Art, however, often transcends 
depicting natural phenomena, and 
exploits images of high-speed 
turbulent flow for conveying 
emotions. Most people associate the imagery of stormy winds and 
raging torrents with fear and uncertainty. In The Scream by Norwegian 
expressionist Edvard Munch the only straight lines are found on the 
bridge, defining perspective, everything else is in motion, undulating, 
whirling. This contributes significantly to the feeling of total 
uncertainty elicited in the viewer. 
When the similarities between the two kinds of visualization are 

shown, their profound difference also needs to be stressed. Science provides an objective, 
quantitative description through the visualization of fields. A specific field is represented 
visually in a similar manner by every physicist. Art conveys a subjective perspective: the 
same objective reality is filtered through the personal emotional filter of the individual artists, 
thus creations can be substantially different. 
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Abstract. We develop Computerized Adaptive Testing (CAT) for use with the Force Concept 
Inventory (FCI). In CAT, questions are selected based on prior responses and we can 
significantly shorten the test time. Using the three thousand FCI responses of Japanese students,
we estimate the parameters of several models of item response theory.  Conducting a simulation 
with these estimated parameters, we examine the optimal length of item-sequences which 
minimize the measurement error of the ability parameter.  Students take our CAT-based FCI 
using their smart phone in order that teachers can monitor the students during the test in a 
classroom.

1 Introduction  

The Force Concept Inventory (FCI) is one of the most widely-used tests in physics education 
[1].  The FCI is a 30-item, five-choice survey to probe student conceptual understanding of 
Newtonian mechanics.  When administering the FCI in a classroom, it typically takes about 40
minutes, including the time needed to orient students to the survey. Han et. al. [2] pointed out 
that this may affect the willingness of instructors to add the FCI to their already crowded 
schedules. In order to shorten the test time, they divided the FCI into two half-length tests which
contain different subsets of the original FCI questions. In our presentation, with the same goal in 
mind, we suggest another approach based on Computerized Adaptive Testing (CAT).  CAT 
utilizes an algorithm-based approach for the administration of computer-based tests [3].  In CAT, 
the questions, which are called “items” in CAT, are chosen and administered based on the 
responses of students.  For example, if a student answers a question correctly, the student will 
next need to answer a more difficult question.  On the other hand, if a student answers a question
incorrectly, the student next answers an easier question (Fig.1). Using this approach, high ability 

Fig. 1 Approach of Computerized Adaptive Testing
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students do not need to answer many questions that are too easy for them and low ability 
students do not need to answer questions that are too difficult.  Therefore, we can significantly 
shorten the test time.  Our research contributes to the ongoing study of CAT, as we consider how 
to use it in an optimal way for the administration of the FCI.  

2 Methodology 

We are concerned with the question of how to best to implement CAT in the administration of 
the FCI.  In order to address this question, we conduct the following analyses.  First, since CAT 
is based on Item Response Theory (IRT), we estimate the parameters of several IRT models 
(namely, the one-parameter model, the two-parameter model, and the three-parameter model) 
and examine which model is most suitable.  In this analysis, we use the data from our previous 
administrations of the FCI in Japan from 2011 to 2018 which include about three thousand 
responses.  We compare the results with those of previous studies, for example [4, 5], and 
consider the generalizability of these results.  Second, we examine whether the FCI items satisfy 
the assumptions of IRT, namely, unidimensionality, local independence and goodness of fit.  If 
some items do not satisfy the assumption of local independence or do not fit the model well, we 
will consider excluding those items from the CAT-based administration.

We further analyze which number of questions is best for the CAT-based administration of 
the FCI.  Specifically, we consider between four-item sequences, which require at least 24-1=15 
FCI items, and five-item sequences, which require at least 25-1=31 FCI items.  As the FCI itself 
consists of only thirty items (and some might be excluded as discussed above) five-item 
sequences would require the same item appearing multiple times in the tree diagram 
demonstrated in Fig. 1.  Either way, the test time including the test instruction is about 15 
minutes, which is a significant reduction from the 40 minutes needed for the paper-based FCI.  
We examine which sequence length is better using a simulation.  This simulation analyzes the 
measurement error of the respondents’ ability parameters and examines which sequence length 
leads to better estimates.  We also analyze the sizes of the measurement errors themselves and 
examine the validity of the CAT-based FCI. 

Having removed problematic items, judged whether the four-item sequences or five-item 
sequences are better, and conducted analyses using a simulation, we, as a trial survey, administer 
the FCI using CAT for Japanese students.  In our survey, students take the CAT-based FCI using 
a smart phone application, YU Portal, which was developed at Yamagata University in Japan [6].  
By using smartphones, students can take the CAT in the classroom without moving to a place 
where there are computers (computer room or their home, etc.).  This allows for greater 
concentration of students, since teachers can monitor the students during the test. After the trial 
survey, we interview the respondents to find any problems of our test, for example, in regards to 
the interface.   
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Abstract. A questionnaire survey and interviews on students’ attitudes to labs were carried out. 
The result indicates that students tend to cling to their beliefs and not to obtain new information 
from experimental results.  Those attitudes may cause undesirable effects to an interactive 
physics class which involves experiments as a counterpart of cognitive conflict or as what 
resolves the conflict.

1 Introduction  

Physicists respect experiments. If there are two contradictory ideas one of which may be 
possible to describe natural phenomena, physicists would expect an experiment to give them a 
correct answer. Is it the case for students we teach?

Physics courses involving interactive engagement are well known to be effective for students 
to acquire fundamental physics concepts. Cognitive conflicts between students’ naïve concept 
and a scientific concept have an important role. Experiments sometimes provide a counterpart of 
conflicts, sometimes resolve the conflict.

In our university introductory physics has been taught for 8 years to pre-service science 
teachers [1] using Open Source Tutorials (OSTs) [2]. Although the Hake gain of FCI scores 
indicates the effectiveness of the class in mechanics, it is found to be harder to change students’ 
naïve concepts of electric circuits. 

Electric Circuits Tutorials involve some experiments with electric bulbs and a battery. In 
these Tutorials, we expect students to be surprised when they see experimental results and to 
reconsider their own beliefs to reconcile with the results. If students do not always think in the 
way that we expect when they do experiments, Electric Circuits Tutorials would not proceed as 
programmed and might be less effective. 

Analysis of students’ conversation during Tutorials suggested the possibility that students are 
not fair to experimental results. Here we report on a questionnaire survey carried out to see 
students’ attitudes to labs. 

2 Questionnaire and Interview 

Referring to a problem in Electric Circuit OST we created a questionnaire which asks students 
whether batteries are constant-current source or not. A battery as constant-current source is a 
deep-rooted misconception that students commonly have. In order to simulate a process of 
prediction-experiment-discussion, the experiment was video recorded and results were shown 
after examinees predicted. In advance of the survey, assumptions were shared that (i) there is a 
current in a closed circuit and (ii) we can measure the magnitude of the current by watching 
brightness of electric bulbs. The questionnaire consists of following processes: (1) prediction of 
brightness of bulbs in circuits of Fig.1(a) and Fig.1(b) connected to an identical battery, (2) 
observation of the experimental result, (3) comparing currents of bulbs based on the 
experimental result and (4) explaining what is found about the current through the battery. All 
bulbs are supposed to be identical. If one thinks a battery as constant-current source, he/she 
would answer all bulbs will show the same brightness. Observing that the bulbs of (b) are 
dimmer would lead to cognitive conflict and would change his/her concept.  
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At every step, examinees were asked to write down the answer as well as how they thought.
We analyzed their description to see if they change their concept after observation of 
experimental results and if they can properly explain the result. The survey was done to some 
groups of pre-service teachers. The total number of examinees were 234 and almost half of them 
were science major. 80% of them had studied physics at high school and they are supposed to 
have learned enough knowledge of electrical circuits to discuss the phenomena described above. 

In order to confirm their description and to find their attitude to labs, we called for 
cooperation to examinees of the questionnaire and interviewed 18 students. Questions about their 
confidence to understand physics are involved in the interview because a preliminary research 
showed that students who easily abandon their own prediction have tendency to say they are not 
confident.  

3 Results 

At step (1), more than half of the students answered that all bulbs will show the same 
brightness. Their description of step (3) are grouped into (a) proper explanation about the 
current through battery based on the experimental results, (b) explanation by Ohm’s law but 
not connected to observation, (c) applying another naïve concept (d) applying improper rote-
memorized phrase and neglecting the conflict and (e) no idea. Students of (b) and (c) may not 
connect the knowledge and the phenomena. We cannot find out in students of (d) and (e) 
cognitive conflict and motivation to study.  

The interview showed that students tend to regard labs as activities to confirm formula 
which they were taught in a lecture. Success in labs for students mean obtaining data which fit 
formula and they seem to believe that if there were no error, experimental results would 
perfectly fit the formulae. Formula are, so to say, the correct answers; labs are exercises to 
derive the answers. 

4 Conclusion 

It is found that students have attitudes to cling to their knowledge and concept which they 
already have and not to obtain new information from experiments. They also have attitudes not 
to consider situation properly and to explain experimental results applying improper rote-
memorized phrase. Those attitudes are especially found in facing more abstract concepts because 
they have little materials to consider with. The connection with their learning attitude will be also 
discussed. 
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already have and not to obtain new information from experiments. They also have attitudes not 
to consider situation properly and to explain experimental results applying improper rote-
memorized phrase. Those attitudes are especially found in facing more abstract concepts because 
they have little materials to consider with. The connection with their learning attitude will be also 
discussed. 
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Fig. 1 (a) Initial (dashed circles) positions and velocities of colliding objects including trajectories to the collision 
(solid circles). (b) Decomposition of initial and final velocities to directions parallel and perpendicular to the line of 

action of forces 𝑟𝑟𝑀𝑀𝑀𝑀. 

(4) The final velocities are calculated as a sum of vectors corresponding to the parallel 
components and the components perpendicular to them, which are the same as initial ones. 

The method will be illustrated for general examples using Wolfram Mathematica. The 
analysis of collisions by the suggested method, in the center of mass system and in the one object 
frame, will be compared. And finally, the simple example of billiard collisions will be analyzed.

3 Conclusions 

Using the proposed procedure one actually does not need to distinguish between collisions in 
one, two or three dimensions, if the vector algebra is used. Appreciated by students, the whole 
procedure does not apply any Galilean transformations between the systems for simplifying 
calculation. And finally, the whole procedure nicely demonstrates advantages of vector algebra 
for problems with many dimensions and their similarities to one dimensional considerations. Due 
to its simplicity, the method can be included in an introductory physics course as a natural 
extension of one dimensional collisions.  
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Abstract. In this paper we will present the development of our Horizon 2020 project FCHgo.
This project is directed to children and adolescents between 8 and 18 years old. Its ultimate goal 
is to raise awareness for renewable energy sources, in particular hydrogen driven fuel cell 
technology. We will develop a toolkit for teachers and pupils, based on a narrative approach to 
science and technology. We believe the narrative approach to be best suited for this project, 
because it enables us to take account of the cognitive tools of pupils at various stages of 
development.

Purpose of the EU project FCHgo (Fuel Cell HydroGen educatiOnal model for schools, Call 
H2020-JTI-FCH-2018-1 n. 826246) is to encourage a culture of ecological awareness and to 
develop behaviors based upon sound knowledge of key technologies by the coming 
generations. It aims at creating educational material for young learners (primary and 
secondary schools) and their teachers to be used in primary and secondary schools about 
science and technology of hydrogen fuel cells.  

We will address a number of challenges faced by citizens in industrialized countries. Among 
these are a lack of basic understanding of the role of energy and energy carriers in physical 
and biological systems; lack of specific knowledge of fuel cell technology (such as the 
functioning of chemical batteries and fuel cells, the role of hydrogen as an energy carrier); a 
lack of understanding of the interaction of technological, environmental, economic, and social 
systems. Better understanding of such challenges by a larger number of people, from pupils to 
their families and acquaintances will be central for technological, economic, and social 
progress that is to guide and help us through the transformation of society toward sustainable 
energy systems. 
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From a scientific and engineering viewpoint, we make use of modern developments in 
physics, chemistry, and systems engineering, and integrate it with the best knowledge 
available regarding FCH technologies. But Young children cannot be expected to understand 
such complex systems derived from a top-down approach originating in formal science and 
engineering. Therefore, we will develop a narrative approach to FCH technologies, suitable to 
young children and consistent with a formal path without any loss of stringency. 

Narrative has received much attention in recent investigations into science education; it has 
become clear that there is a wide range of forms and uses of narrative in science. We concentrate 
upon a meaning of narrative that is closely tied to conceptual structure and understanding of 
science. 

The human mind creates images of the working of forces of nature that can be rendered in stories 
[1,2,3] or in animations using visual metaphors. A sample animation about the exchanges of 
energy occurring in an imaginary perpetual motion machine has been developed by M. 
Deichmann [4]. We plan to fabricate a similar video about fuel cells. 

Visual metaphors telling the story of the interaction of forces of nature in energy systems can 
also be cast in the form of plays. We shall produce such energy plays where students act as 
energy carriers in systems that create chains of processes (such as sun to solar cell to electrolysis 
of water to producing an electric output by a fuel cell to driving an engine or lighting a lamp).  

While empowering the imagination and imaginative rationality with the help of stories and play 
of forces of nature (such as sunlight, hydrogen, electricity, heat) is in the foreground for young 
children (8-12 years of age), making use of imaginative rationality in the creation of mental and 
computer models from stories told and re-told, forms the core of a methodology for older 
students (12-18 years of age). Moreover, stories provide a repository, for adolescents, of much 
detailed knowledge about a subject that is more properly conveyed narratively than, say, in 
printed tables or long expositions. 

Stories of forces of nature interacting in energy chains have been converted into graphical 
representations [5] using the same metaphors as those that structure stories and play in general. 
Process-diagrammatic techniques provide us with didactic means for older learners where story-
worlds (models) are created in a form that is intermediate between story or play and formal 
computer models. Among educational materials, instructions how to use simple physical objects 
that allow students to assemble process diagrams for a large range of concrete systems will be 
given.

In conclusion, our methodology will be centered on narratives (stories and plays for the 
youngest) and provide direct physical as well as mental involvement for pupils. Students and 
teachers will be involved in telling and creating stories or narratives, experiencing the assembly 
and the functioning of simple toys or devices. They will discuss forces of nature acting in the 
toys and devices, design and play how forces of nature act and involve energy, construct process 
diagrams with more or less formalized iconographic materials, reflect upon FCH technology, 
applications, and job opportunities. The EPDM will provide didactic materials and teacher 
guides for the network of schools and stakeholders that will make use of this project.  
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From a scientific and engineering viewpoint, we make use of modern developments in 
physics, chemistry, and systems engineering, and integrate it with the best knowledge
available regarding FCH technologies. But Young children cannot be expected to understand
such complex systems derived from a top-down approach originating in formal science and 
engineering. Therefore, we will develop a narrative approach to FCH technologies, suitable to
young children and consistent with a formal path without any loss of stringency.

Narrative has received much attention in recent investigations into science education; it has
become clear that there is a wide range of forms and uses of narrative in science. We concentrate 
upon a meaning of narrative that is closely tied to conceptual structure and understanding of
science.

The human mind creates images of the working of forces of nature that can be rendered in stories
[1,2,3] or in animations using visual metaphors. A sample animation about the exchanges of
energy occurring in an imaginary perpetual motion machine has been developed by M. 
Deichmann [4]. We plan to fabricate a similar video about fuel cells.

Visual metaphors telling the story of the interaction of forces of nature in energy systems can 
also be cast in the form of plays. We shall produce such energy plays where students act as
energy carriers in systems that create chains of processes (such as sun to solar cell to electrolysis
of water to producing an electric output by a fuel cell to driving an engine or lighting a lamp).

While empowering the imagination and imaginative rationality with the help of stories and play
of forces of nature (such as sunlight, hydrogen, electricity, heat) is in the foreground for young
children (8-12 years of age), making use of imaginative rationality in the creation of mental and 
computer models from stories told and re-told, forms the core of a methodology for older
students (12-18 years of age). Moreover, stories provide a repository, for adolescents, of much 
detailed knowledge about a subject that is more properly conveyed narratively than, say, in 
printed tables or long expositions.

Stories of forces of nature interacting in energy chains have been converted into graphical
representations [5] using the same metaphors as those that structure stories and play in general.
Process-diagrammatic techniques provide us with didactic means for older learners where story-
worlds (models) are created in a form that is intermediate between story or play and formal
computer models. Among educational materials, instructions how to use simple physical objects
that allow students to assemble process diagrams for a large range of concrete systems will be
given.

In conclusion, our methodology will be centered on narratives (stories and plays for the
youngest) and provide direct physical as well as mental involvement for pupils. Students and 
teachers will be involved in telling and creating stories or narratives, experiencing the assembly
and the functioning of simple toys or devices. They will discuss forces of nature acting in the
toys and devices, design and play how forces of nature act and involve energy, construct process
diagrams with more or less formalized iconographic materials, reflect upon FCH technology, 
applications, and job opportunities. The EPDM will provide didactic materials and teacher
guides for the network of schools and stakeholders that will make use of this project. 
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Abstract. We have been studying student learning in an introductory physics classroom, focusing 
on small tutorial groups of students working with problems regarding uniform circular motion. 
Each group was video recorded, and the data analyzed using variation theory and social 
semiotics. The analysis focused on how students’ relevance structure related to the disciplinary 
relevant aspects of the problem and how this relation could be connected to learning, in particular 
through opening of dimensions of variation. Grounded in these theoretical ideas, we will use our 
data to discuss additional criteria for enhancing the possibilities of disciplinary learning.  

1 Introduction 

Circular motion is an integral part of all introductory physics courses. It is one of the 
objects of learning in physics that presents difficult challenges for effective student-learning. 

To look for new insights to address these challenges, we took a methodological point of 
departure by combining variation theory and a social semiotic perspective developed for 
physics. This was done to frame a case study involving tutorial group work (2-4 students per 
group) solving introductory level circular motion problems.  

1.1 Methodology 

The two parts that make up the methodology are as follows. Firstly, variation theory 
proposes that in order to learn something new one must be able to holistically discern its 
important aspects. This requires experiencing specific dimensions of variation [1-3], i.e. 
different features of the aspect are being identified and varied and thus brought to the fore of 
the person’s awareness. At the same time, an aspect underpinning variation theory is that how 
a person is able to respond to a situation depends on their relevance structure. This is defined 
as “the person’s experience of what the situation calls for, what it demands” [2, p. 143, 
emphasis added].  

Secondly, a social semiotic perspective developed for physics learning [4] has 
characterized every object of learning as having a set of disciplinary relevant aspects (DRAs) 
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that are critical for discernment. This perspective has been used to propose that the possibility
of learning can be enhanced by: establishing the DRAs; finding representations that give 
holistic access to the DRAs; and, creating suitable variation experiences to enhance 
discernment of these DRAs [5].   

2 Data and Analytic Approach 

The data for this study consisted of video and audio recordings of tutorial groups of 
physics bachelor students during their discussions while solving uniform circular motion 
problems. Two different problems were considered for this case study; one with motion in the 
vertical plane and the other with motion in the horizontal plane. The data was analyzed in 
different stages where focus was placed on studying what DRAs the students brought to the 
fore, how they treated these DRAs in their discussions in terms of opening dimensions of 
variation [following 6], and how this variation could be linked to their relevance structure.  

3 Results 

Our data showed that students spontaneously made use of the three stages mentioned 
earlier [5]. In particular, of interest to our study was how variation was generated (i.e. 
dimensions of variation opened up by the students themselves) and how this variation was 
experienced in terms of how it affected the students’ relevance structure. An unexpected 
result was that although new dimensions of variation were opened up in the students’ 
discussions, they were not all found to be compelling by all students. In other words, there 
was a reluctance to “give up” the constitution of their initial spontaneous relevance structure. 

4 Conclusion 

Drawing on the results described above, we will discuss two things: firstly, how a student’s 
relevance structure plays a major role in the disciplinary relevant aspects they are able to 
discern (even if they are experiencing new dimensions of variation). Secondly, we propose, as
additional criteria for enhancing the possibilities of disciplinary learning, that students must 
find newly experienced dimensions of variation compelling before they can start to assimilate 
them into their relevance structure.   
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departure by combining variation theory and a social semiotic perspective developed for 
physics. This was done to frame a case study involving tutorial group work (2-4 students per
group) solving introductory level circular motion problems.  

1.1 Methodology
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proposes that in order to learn something new one must be able to holistically discern its
important aspects. This requires experiencing specific dimensions of variation [1-3], i.e. 
different features of the aspect are being identified and varied and thus brought to the fore of 
the person’s awareness. At the same time, an aspect underpinning variation theory is that how
a person is able to respond to a situation depends on their relevance structure. This is defined 
as “the person’s experience of what the situation calls for, what it demands” [2, p. 143, 
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Abstract. The SLOPE project investigates to what extent the unique planetarium setting supports 
upper secondary school students’ understanding of a selection of astronomical concepts. To study 
learning effects, we design a test instrument, which focuses on distinctions between the apparent
motion of the Sun and stars. An initial version of the instrument has been tested in three pilot 
groups. All participants were 17-18 years old Belgian students, who followed astronomy lessons 
within their geography course. The analysis of the students’ answers improved the test instrument, 
which will be adopted to study student learning in the Brussels Planetarium.

1 Introduction and problem statement 

Despite planetariums long history, many questions remain unanswered about their role in 
educating various audiences to foster interest in astronomy [1]. However, as visualizing the night 
sky is one of their main aims, a planetarium display provide a powerful tool to address
misconceptions about crucial notions of space, astrophysical phenomena and the universe [2].

The Brussels Planetarium offers a diverse educational program both for the public and for 
schools. This project focuses on Planetarium activities for students in the last two years of 
secondary education. These activities typically are part of a school trip to the Planetarium, which 
aims to enrich the traditional school based (geography) lessons, by exploiting the unique 
visualization possibilities in the dome. Whether these Planetarium visits are effective in terms of 
student learning, and which features of the visit in general and of the visualization in particular 
may contribute to this effectiveness, is not clear, however.

In this paper, we report on the selection of a set of concepts for which we think the planetarium 
visualization provides a benefit. Moreover, we report on the design and pilot test of a measurement 
instrument to study the effectiveness of these school trips, and in a later phase to optimize them.

2 Selection of concepts

Research reveals that many students have alternative conceptions about the apparent and actual 
motions of the Moon, Sun and stars [3]. However, limited research has addressed students’
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Question (a): The solid line shows the apparent 
motion of the Sun on November 1st in Brussels. Which 

line corresponds to this motion on December 1st?

Question (b): The solid line shows the apparent 
motion of Cancer on November 1st in Brussels. Which 

line corresponds to this motion on December 1st?

Fig. 1  Two corresponding questions: (a) The apparent motion of the Sun. (b) The apparent motion of stars.

understanding of similarities and differences between the apparent motion of the Sun and stars. 
This study focusses on these differences and similarities. We disentangled the phenomena related 
to the apparent motion of the Sun and the stars and propose a framework that allows comparing 
the different aspects of these motions. For each of the seven categories of this framework, we 
designed test items, also inspired by literature [4]. Fig. 1 shows an example of two corresponding 
items. 

3 Pilot test of the instrument

We tested the pilot instrument with a group of 64 students in the last grade of secondary education. 
Moreover, we administered cognitive interviews with 5 students. The pilot tests reveal that, despite 
instruction, most students only demonstrate a rudimentary understanding of the apparent motion 
of the Sun for different locations of the observer and different times during the year. The apparent 
motion of stars is noticeably even less understood by most students. Based on these pilot tests, 
some test items were reformulated.

4 Conclusion

Disentangling the apparent motion of the Sun and the stars allowed for the design of a test 
instrument for student understanding of these phenomena in the context of a planetarium. The 
instrument can now be used to study student learning in a planetarium visit.
In the presentation, the framework with its seven categories, the instrument and preliminary 
student results will be discussed.
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educating various audiences to foster interest in astronomy [1]. However, as visualizing the night
sky is one of their main aims, a planetarium display provide a powerful tool to address
misconceptions about crucial notions of space, astrophysical phenomena and the universe [2].
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schools. This project focuses on Planetarium activities for students in the last two years of
secondary education. These activities typically are part of a school trip to the Planetarium, which
aims to enrich the traditional school based (geography) lessons, by exploiting the unique
visualization possibilities in the dome. Whether these Planetarium visits are effective in terms of
student learning, and which features of the visit in general and of the visualization in particular
may contribute to this effectiveness, is not clear, however.

In this paper, we report on the selection of a set of concepts for which we think the planetarium
visualization provides a benefit. Moreover, we report on the design and pilot test of a measurement
instrument to study the effectiveness of these school trips, and in a later phase to optimize them.

2 Selection of concepts

Research reveals that many students have alternative conceptions about the apparent and actual
motions of the Moon, Sun and stars [3]. However, limited research has addressed students’
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Heat, temperature and energy: a formative experiment-
based module including the use of infrared cameras 

Claudia DAFFARA, Francesca MONTI 

Dept. of Computer Science, University of Verona, Strada Le Grazie, 15, 37134, Verona, Italy 

Abstract. The historical development of the concept of energy can be brought back to the early 
studies of heat, suggesting that a unified treatment of heat, temperature and energy can be a 
possible route for teaching these complex subjects altogether. Here we present an experiment-
based module centered on heat and temperature and on their relation with energy which was 
proposed to a class of prospective primary school teachers. The intervention redesigns a
previously developed approach to include the concept of energy and use of infrared cameras.
Learning outcomes are investigated through worksheets and pre- / post-assessment questions.

1 Introduction and motivations 

Research literature has widely addressed the problem of how the concept of energy should 
be introduced and treated at the school level and the debate is still open [1,2]. The importance 
of addressing it already at the primary school level has also been recognized [3]. On another 
side, the historical development of the concept of energy can be brought back to the early 
studies on heat by Mayer and Joule [4], suggesting that a unified treatment of heat, 
temperature and energy can be a possible route for teaching and learning these complex 
subjects altogether. As a matter of fact, the concepts of heat and temperature have also been 
deeply investigated from the point of view of Physics Education [5]. To this respect, the use 
of infrared cameras has recently acquired increasing interest [6].

In this context, we projected and experimented a learning path centered on the concepts of 
heat and temperature and on their relation with the concept of energy. The formative module 
was proposed to a class of about 90 prospective primary school teachers (PPTs) at the second 
year of the combined bachelor and master degree in Primary School Education of the Italian 
University of Verona and integrates content reconstruction and active learning strategies 
inside an experiential and situated modality [7]. The intervention was organized into four 
phases redesigning a thermodynamic approach previously developed at the Udine University 
[8] so as to include the concept of energy and use of infrared cameras. We also examined the 
existing PPTs knowledge and how much the proposed path and methodologies can help them 
in learning and teaching the concepts of heat, temperature and energy. 

2 Learning path and methodologies 

The first and third phases were developed as interactive experiment-based lectures 
following active learning and inquiry based strategies to introduce the operational definition 
of temperature, the concept of energy, and the sensors utilized for measuring the temperature. 

In the second and fourth lab-work phases, four experiments were autonomously carried out 
by the students divided into groups: 1) heating of different masses of water with a boiler; 2) 
heating by irradiation with a halogen lamp; 3) thermal interaction of different masses of 
water; 4) Locke experiment. Experiments were performed in the Prediction - Experiment - 
Comparison modality using both an infrared camera and a system of four on-line sensors for 
real-time measurement of temperature [8].
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3 Learning outcomes

Investigation on existing knowledge and on how much the utilized learning path and 
methodologies helped in understanding the proposed concepts was guided by the following 
research questions: 1) What conceptions/misconceptions do students hold about the concept 
of temperature and heat? 2) Does the proposed learning path and methodologies help in 
overcome such misconceptions? 3) How much are the proposed methodologies utilized by 
PPT in constructing a personal educational path on this subject? 

The study was conducted through pre- and post-assessment questions, two worksheets and 
final interviews. The pre- /post-assessment questions were: 1) Which ways for measuring 
temperature do you know? 2) In which ways heating/cooling can be obtained? 3) Which 
difference/relation is there among heat, temperature and hot/cold sensation? As regards the 
worksheets, the first one requires PPTs to list concepts which they considered most relevant 
in an educational path on thermal phenomena, identify related critical issues and explain their 
choices; the second one asks to write in a chronological order the questions and the activities 
that PPTs plan to propose in a learning path, give a list of the addressed concepts and
illustrate them through a conceptual map.

4 Preliminary results 

The detailed analysis of pre- and post-tests and of the two worksheets is in progress and will 
be presented at the conference. At first sight, the comprehension of heating and cooling as 
processes leading to a common equilibrium state is more clearly gained using the on-line sensors 
while the concept of heat as energy transfer and the distinction between temperature/internal 
energy and heat/variation of internal energy is more easily grasped using the infrared camera.
The distinction between temperature and thermal sensation takes advantage from both methods. 
Coherently, in their educational paths PPTs tend to discard the use of infrared cameras due their 
cost and in parallel they omit treating the concepts of heat and energy transfer.  
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Heat, temperature and energy: a formative experiment-
based module including the use of infrared cameras

Claudia DAFFARA, Francesca MONTI

Dept. of Computer Science, University of Verona, Strada Le Grazie, 15, 37134, Verona, Italy

Abstract. The historical development of the concept of energy can be brought back to the early
studies of heat, suggesting that a unified treatment of heat, temperature and energy can be a 
possible route for teaching these complex subjects altogether. Here we present an experiment-
based module centered on heat and temperature and on their relation with energy which was
proposed to a class of prospective primary school teachers. The intervention redesigns a
previously developed approach to include the concept of energy and use of infrared cameras.
Learning outcomes are investigated through worksheets and pre- / post-assessment questions.

1 Introduction and motivations

Research literature has widely addressed the problem of how the concept of energy should
be introduced and treated at the school level and the debate is still open [1,2]. The importance
of addressing it already at the primary school level has also been recognized [3]. On another
side, the historical development of the concept of energy can be brought back to the early
studies on heat by Mayer and Joule [4], suggesting that a unified treatment of heat,
temperature and energy can be a possible route for teaching and learning these complex 
subjects altogether. As a matter of fact, the concepts of heat and temperature have also been 
deeply investigated from the point of view of Physics Education [5]. To this respect, the use
of infrared cameras has recently acquired increasing interest [6].

In this context, we projected and experimented a learning path centered on the concepts of
heat and temperature and on their relation with the concept of energy. The formative module
was proposed to a class of about 90 prospective primary school teachers (PPTs) at the second
year of the combined bachelor and master degree in Primary School Education of the Italian 
University of Verona and integrates content reconstruction and active learning strategies 
inside an experiential and situated modality [7]. The intervention was organized into four
phases redesigning a thermodynamic approach previously developed at the Udine University
[8] so as to include the concept of energy and use of infrared cameras. We also examined the
existing PPTs knowledge and how much the proposed path and methodologies can help them
in learning and teaching the concepts of heat, temperature and energy.

2 Learning path and methodologies

The first and third phases were developed as interactive experiment-based lectures
following active learning and inquiry based strategies to introduce the operational definition 
of temperature, the concept of energy, and the sensors utilized for measuring the temperature.

In the second and fourth lab-work phases, four experiments were autonomously carried out
by the students divided into groups: 1) heating of different masses of water with a boiler; 2) 
heating by irradiation with a halogen lamp; 3) thermal interaction of different masses of
water; 4) Locke experiment. Experiments were performed in the Prediction - Experiment -
Comparison modality using both an infrared camera and a system of four on-line sensors for
real-time measurement of temperature [8].

A03-4



216

Laboratory of Thinking -  
diagnosis of teaching science subjects in Poland 

Tomasz GRECZYŁO

Institute of Experimental Physics, University of Wrocław, 50-137 Wrocław, pl. Uniwersytecki 1, 
Poland 

Dagmara SOKOŁOWSKA
Smoluchowski Institute of Physics, Jagiellonian University, ul. Łojasiewicza 11, Krakow, Poland 

Łukasz DERYŁO

Abstract. The paper presents and discusses selected results of national diagnosis of teaching 
science subjects – physics, biology, chemistry and geography in Poland. The research was carried 
out at the beginning of the 2017/2018 school year and is the next installment of research initiated 
in 2011 [1]. Authors elaborate data as a collection of comprehensive results enabling the 
improvement of science teaching and learning, supporting the creation of legal regulations in the 
area of education, improving the formula of external examinations as well as teacher education. 

1 The main objectives of the study 

The aim of the study is to verify students' skills in the subject of natural sciences: biology, 
chemistry, physics and geography after obtaining qualifications at the first level of the Polish 
Qualifications Framework and to identify strengths and weaknesses of various aspects of 
teaching and learning. The survey, carried out on a nationwide sample, will possibly allow to 
assess the coherence of learning outcomes achieved (in terms of knowledge, skills and social 
competences) with those assumed in documents regulating the work of schools. 

The primary goal of the study is to diagnose the results of teaching science at junior high 
schools (gymnasium) and to observe the long-term effects of changes in the education system. 

The research is supposed to allow the formulation of recommendations for future work on 
improving the education system in the area of natural sciences. 

An important goal of this initiative is also to shape the social reception of educational research 
as a source of reliable and valuable information on the components of the education system. 

2 Characteristics of the research 

Field research - Laboratory of Thinking - was carried out in Polish junior high schools 
(gymnasium) in the period from October 2017 to January 2018. The procedures were strictly 
standardized in order to ensure the comparability of the results of its subsequent stages and the 
smooth conduct of the study. Details of the procedures are described in the contractor's report [2] 
and will be presented to some extent during the talk and further in the extended paper.

2.1 Test sample 

7288 students and 419 teachers from 184 institutions from all over Poland took part in the 
Laboratory of Thinking research. In order to increase the representativeness of the sample, a 
systematic draw with a layering [3] was carried out taking into account the selection of the 
sample due to specific features which will be discussed in details during the talk and further in 
the extended paper. 

A03-5



217

2.2 Research tools

The main research tool consisted of: 
1) cognitive test (worksheets), in which multiple choice taksks are included,
2) student's questionnaire.

The test worksheets used in the study were designed to evaluate the specific key 
competences in natural science (biology, chemistry, physics and geography) after the third stage 
of education but with emphasis on skills directly related to scientific reasoning and scientific 
research skills [4]. Examples of the tasks will be discussed in details during the talk and further 
in the extended paper.

3 Conclusion 

The study shows that the average level of knowledge and skills is equal among all four 
science disciplines - the differences between the results from biology, chemistry, physics and 
geography are statistically insignificant, however it is worth to notice that the group of students 
with the lowest level of skills is dominated by boys. 

In biology and chemistry, statistically higher average results are obtained by girls and they 
score higher than boys in solving most tasks belonging to almost all six levels of difficulty.
However, although there is no statistically significant difference between genders in results in
physics and geography, boys get higher results than girls in difficult tasks in these subjects.
Some of the results of the study indicate that the reasons for the above division could be 
found in standard applied methods of teaching individual subjects, preferring more effective 
teaching of physics or geography in the group of boys and more effective teaching of biology 
and chemistry in the group of girls. The statment supports the relatively large correlation of 
boys' results with the fact of performance of experiments in the classroom at biology lessens – 
the method rarely used in biology teaching in Poladn, as confirmed by the students in their 
answers to the questionnaire.
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Abstract. The paper presents and discusses selected results of national diagnosis of teaching
science subjects – physics, biology, chemistry and geography in Poland. The research was carried 
out at the beginning of the 2017/2018 school year and is the next installment of research initiated
in 2011 [1]. Authors elaborate data as a collection of comprehensive results enabling the 
improvement of science teaching and learning, supporting the creation of legal regulations in the 
area of education, improving the formula of external examinations as well as teacher education.

1 The main objectives of the study

The aim of the study is to verify students' skills in the subject of natural sciences: biology,
chemistry, physics and geography after obtaining qualifications at the first level of the Polish
Qualifications Framework and to identify strengths and weaknesses of various aspects of
teaching and learning. The survey, carried out on a nationwide sample, will possibly allow to
assess the coherence of learning outcomes achieved (in terms of knowledge, skills and social
competences) with those assumed in documents regulating the work of schools.

The primary goal of the study is to diagnose the results of teaching science at junior high 
schools (gymnasium) and to observe the long-term effects of changes in the education system.

The research is supposed to allow the formulation of recommendations for future work on
improving the education system in the area of natural sciences.

An important goal of this initiative is also to shape the social reception of educational research
as a source of reliable and valuable information on the components of the education system.

2 Characteristics of the research 

Field research - Laboratory of Thinking - was carried out in Polish junior high schools
(gymnasium) in the period from October 2017 to January 2018. The procedures were strictly
standardized in order to ensure the comparability of the results of its subsequent stages and the
smooth conduct of the study. Details of the procedures are described in the contractor's report [2]
and will be presented to some extent during the talk and further in the extended paper.

2.1 Test sample

7288 students and 419 teachers from 184 institutions from all over Poland took part in the
Laboratory of Thinking research. In order to increase the representativeness of the sample, a
systematic draw with a layering [3] was carried out taking into account the selection of the
sample due to specific features which will be discussed in details during the talk and further in
the extended paper.
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and National Assessments of Knowledge of Physics in Slovenia 
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Abstract. Although physics competitions and national assessment of knowledge of physics may 
be considered very different in the objectives that are pursued, in both the correlation between the 
knowledge of the participants and their score exists, i.e., the results can be viewed as a measure of 
knowledge and understanding of physics. In the paper the pros and cons of combining the 
outcomes of two such data sets in Slovenia is presented. In particular we address the question of 
how the competition results could enhance our understanding of the way the learners use the 
curricular physics acquired during the schooling. 

1 The Bumblebee competition as a supplement to the national assessment of knowledge of 
physics 

In Slovenia national assessment of knowledge at the end of the nine-year primary school is 
well established. The knowledge of physics is measured on a representative sample of more than 
4,000 pupils aged 14 or 15, which represents around one quarter of the entire generation that is 
typically around 18,000 pupils. The assessment is taking place in May during the last year of 
primary school. For the knowledge of physics the pupils were tested in years 2007, 2008, 2012, 
2014, and 2016. Each time the results are analyzed thoroughly and interpreted in terms of how 
well the learners master particular parts of the physics curriculum, what are their strong areas of 
knowledge or skills and where there are the deficits [1, 2]. 

A new physics competition for the students learning physics for the first year in high school 
has been introduced in school year 2013/14. The main objective of introducing the so-called 
Bumblebee competition was to fill the one year gap between the traditional primary school and 
high school national physics competitions. Bumblebee is a one stage competition, similar to the 
mathematical Kangaroo competition, and the number of participants is ranging from 1100 to 
1400. In spite of the sample not being as representative as the one in the national assessment, the 
sample is large enough to include a variety of students with very different interest in physics, so 
it may give a good insight into the knowledge of the population as a whole. The competition is 
carried out early in the school year; for the first few years it was in March and from 2017/18 it is 
executed in October. Thus, the knowledge of the participants should be similar to that at the end 
of primary school that ends just a few months earlier. That is why we think that Bumblebee 
could also be used to get additional information about the knowledge of physics after finishing 
primary education. 

In the paper the national assessment and the Bumblebee competition are compared from the 
point of view of gathering general information about the knowledge of physics after finishing 
primary school. The types of questions and also the physical contents in Bumblebee are similar 
to those in the national assessment; the problems are limited to primary school physics 
curriculum. However, the sample of the learners is different for both tests. For example, 
participants in the national assessment are determined externally by the Ministry of education 
determining which schools do the physics test in a particular year, while participation in the 
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competition is voluntary and based on students’ interests. Instead of taking this as a drawback 
when comparing the results of both tests one can consider different samples as an advantage, 
giving two complementary views on the knowledge of physics. Examples of problems are given 
in the paper to support our hypothesis about the complementary role of both tests. Limitations of 
combining the results are discussed as well.  
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Abstract. In 2018 a test of selected inquiry skills was implemented across several thousands of 
upper secondary school students in Slovakia. The multiple choice test has been developed to 
assess skills to formulate hypothesis, design experiment (identify variables and their relationship), 
transform results into tables or graphs, determine relationship between variables based on tables 
and graphs and identify possible sources of errors. The test results revealed significant lack of 
their development. As a result, large effort has been put into wider implementation of inquiry-
based science education through development of teaching and learning materials and education of 
teachers. 

1 Introduction  
Development of inquiry skills is still in the main focus of science educators. In Slovakia this 

is one of the goals of a large national project IT academy which tries to attract more students 
towards science and informatics career through an intentional implementation of inquiry-based 
science education (IBSE) enhanced by digital technologies and teacher training in this field. 
Based on the existing tests and their results [1,3] and the inventory of inquiry skills [2] the test of 
inquiry skills has been developed in order to assess selected inquiry skills across a large sample 
of secondary school students involved in the project.  

2 Test of inquiry skills 
The multiple choice test has been developed to monitor the level of selected inquiry skills. 

The selection has been made on the basis of inquiry skills inventory [2] and results of previous 
research in this field [1,3]. In order to create more content independent items some test items are 
situated in other than physics context. Each skill is tested by at least two test items The dominant 
subject that the item is connected to, is presented in table 1. Example of a test item is in fig.1. 

Table 1 Distribution of test items among skills and subjects 

Number of test items Subject
Formulate hypothesis to be tested 2 chemistry, physics
Design experiment (identify variables 
and their relationship)

4 physics, physics,  
informatics, chemistry

Transform data to standard forms (i.e.
tables or graphs)

2 physics, informatics

Determine relationship between 
variables (based on tables)

2 physics, informatics

Determine relationship between 
variables (based on graphs)

2 physics, mathematics

Determine accuracy (identify possible 
sources of errors)

2 physics, biology

3 The test implementation and results 
The test was answered by a large sample of upper secondary school students (approx. 10000 

students) aged 15-18 from grammar schools (66%) and technical schools (34%). The test results 
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and its analysis revealed low level of development of tested skills with average score less than 
30%. The further analysis shows significant difference between students from grammar and 
technical schools. Furthermore, in groups of questions aimed at testing the same skill, the best 
results were achieved in the skill of determining the relationships based on the graphs and design 
experiment (identify variables and their relationship) and the lowest results in the skill of 
formulating hypothesis to be tested.  

The distance vs. time graph represents two runners A, B.
On the basis of the graph select the correct statement. 
a) Runner B completed the first kilometer earlier than 

runner A.
b) Runner A completed more than 4 km in the first ten 

minutes. 
c) At a distance of 4km from the start, runner A caught

runner B.
d) In the first 16 minutes, runner A had a higher average 

speed than runner B.
e) Runner B was running faster than runner A from the 

end of the 10th minute to the end of the 11th minute.

Fig. 1 Example of test item on determining relationship between variables on the basis of graph. 

4 Implementation of IBSE  
The results of test of inquiry skills make us believe that the science and physics education is 

more likely focused on the content knowledge rather than process skills development. In order to 
support wide implementation of IBSE a large series of teaching and learning materials based on 
inquiry activities has been developed. The activities are created on the basis of 5E instructional 
model (engagement, exploration, explanation, elaboration, evaluation) involving detailed lesson 
scenario for teachers, learning materials for students and other additional materials. All these 
materials are presented online and offered to wide use at schools.  

In order to motivate and educate teachers to be able to implement IBSE, teacher training 
courses were designed. Teacher training courses are structured into 5 modules, with each module 
focused on different topic in the extent of 50 hours. They are conducted as blended courses with 
present (40 hours) and distant part (10 hours) with the final teachers’ defense at the end of the 
course.

5 Conclusion 
The of inquiry skills shows significant lack of their development. As a result, large effort has 

been put into wide implementation of IBSE by designing teaching and learning materials and 
education of teachers. The further research is expected to show the effect of these efforts.  
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Abstract. Within the national project IT academy, which is focused on innovation of STEM 
education a multiple choice test has been developed to assess skills to making predictions and 
following directions. We assume the selected skills are suitable for the lower secondary education 
and can be easily improved via inquiry activities prepared for school practice. The tasks are 
inspired by the real life situations pupils either have experienced before or it is possible they will 
experience. The test items have a form of an on-line assignment. The pre testing was conducted at 
the lower secondary schools joined into national project. The test results are helpful in deeper 
focus on STEM education in general as well as school educational program design based on 
wider implementation of inquiry-based science education. 

1 Introduction  

The main goal of the national project IT academy is to attract more students towards science 
and informatics career through innovative STEM education and informal activities. In order to 
ensure more systematic and consistent implementation of inquiry activities, classroom 
materials are developed and evaluated, teachers are trained and selected school are equipped 
by specific tools. One of our main focus is development of student`s inquiry skills. The integral 
part of improving the skill is the measurement of progress and the skill level development [1].
Based on the existing tests the on-line test of inquiry skills has been developed in order to assess 
selected inquiry skills across a large sample of lower secondary school students involved in the 
project.

2 Assessing inquiry skills of lower secondary school students 

The test contains 15 items. The tasks are designed in the format of choosing the right 
answer - multiple-choice and open questions. For each skill we determined four level of 
development, ordered according to the difficulty of the enhancement (table 1), first level is the 
base of the skill every pupil is able to acquire.The skill level determination was based on the 
literature, personal experiences and experienced teacher recommendations [2]. 

Table 1 Distribution of test items among skills and skill levels 
Skill Skill level No of items

Making 
predictions

P1 differentiate the prediction from the general statement 2
P2 prediction as an answer to the question 3
P3 filling in the incomplete prediction 2
P4 formulate the predictions 2

Following 
directions

D1 reading with the comprehension 1
D2 following specific directions 1
D3 rewriting /reformulating the given instructions 2
D4 write the directions/instructions 2
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and its analysis revealed low level of development of tested skills with average score less than 
30%. The further analysis shows significant difference between students from grammar and 
technical schools. Furthermore, in groups of questions aimed at testing the same skill, the best 
results were achieved in the skill of determining the relationships based on the graphs and design 
experiment (identify variables and their relationship) and the lowest results in the skill of 
formulating hypothesis to be tested.  

The distance vs. time graph represents two runners A, B.
On the basis of the graph select the correct statement. 
a) Runner B completed the first kilometer earlier than 

runner A.
b) Runner A completed more than 4 km in the first ten 

minutes. 
c) At a distance of 4km from the start, runner A caught

runner B.
d) In the first 16 minutes, runner A had a higher average 

speed than runner B.
e) Runner B was running faster than runner A from the 

end of the 10th minute to the end of the 11th minute.

Fig. 1 Example of test item on determining relationship between variables on the basis of graph. 

4 Implementation of IBSE  
The results of test of inquiry skills make us believe that the science and physics education is 

more likely focused on the content knowledge rather than process skills development. In order to 
support wide implementation of IBSE a large series of teaching and learning materials based on 
inquiry activities has been developed. The activities are created on the basis of 5E instructional 
model (engagement, exploration, explanation, elaboration, evaluation) involving detailed lesson 
scenario for teachers, learning materials for students and other additional materials. All these 
materials are presented online and offered to wide use at schools.  

In order to motivate and educate teachers to be able to implement IBSE, teacher training 
courses were designed. Teacher training courses are structured into 5 modules, with each module 
focused on different topic in the extent of 50 hours. They are conducted as blended courses with 
present (40 hours) and distant part (10 hours) with the final teachers’ defense at the end of the 
course.

5 Conclusion 
The of inquiry skills shows significant lack of their development. As a result, large effort has 

been put into wide implementation of IBSE by designing teaching and learning materials and 
education of teachers. The further research is expected to show the effect of these efforts.  
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3 The test implementation and results 

The test was answered by a large sample of lower secondary school students (approx. 14000 
students) aged 12-15. Because of on-line form data analysis, all answers with very short time of 
solving as well as such with longer than class hour, were unused. The mistakes repeated by a 
large group of pupils could be considered as the misconceptions keeping the skill 
development from the progress. From the evaluation, we can see pupils are able to distinguish 
the prediction out of the other statements at the base of the information given, skill level P1. 
The following direction skills test items are focus on different skill levels (fig. 1). By results,
we can see the pupils have some problems already with first level D1 (reading with the 
comprehension). That can affect the successfulness of the other tasks. 

Fig. 1 Example of test item recipe, focused on following instruction at skill level D1 and D3. 

4 School curriculum innovation 

The results of test of selected inquiry skills at lower secondary level we are using as an 
argument for innovation of school curriculum with stronger focus on inquiry activities and skills 
development. Teachers can participate on training courses, where strategies of implementation 
are trained. Teacher training courses are structured into 4 modules, with each module focused on 
different topic in the extent of 40 hours. They are conducted as blended courses with present (32 
hours) and distant part (8 hours) with the final teachers’ defense at the end of the course. All 
developed scenario for teachers, learning materials for students and other additional materials 
with worksheets are free to use at school.  

5 Conclusion 

The large effort has been put into inquiry skill development via innovative approach in STEM 
education by supporting teaching and learning materials and teacher training within national 
project IT academy. The further wider implementation of inquiry activities into school 
educational programmes can improve the level of lower secondary student’s inquiry skills.  
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Abstract. We present some historical investigations on Japanese physics education by searching for various 
“Students’ Notes” written in Meiji Era. And we show a historical survey of educational reform of the world
around 150 years ago, those have intimate connections with Japanese ones. We also introduce some typical
modern reconstruction of teaching materials those are having especially historic worthwhile by using ICT 
and IoT, as the Reformed Valuable Modules of Active Learning on Newtonian Mechanics.

1 Historical Investigation  

We have investigated various students' notes to clarify the historical true situation of Japanese
physics educations in Meiji Era, it’s almost has passed 150 years [1]. And now we are searching 
for and also are digitized as pdf-documents, almost as 3000 archives, those were token pictures 
of historical documents pages with a digital camera by visiting every archival sites from 
Hokkaido, Honsyu (main-island), Shikoku and to Kyushu, of all Japan as shown in Fig 1.

Fig. 1 The visited Japanese Prefectures for archival sites on historical documents

We have been studying those especially valuable Students' “Physics Note“, it’s called ”Buturi-
gaku Hikki“ in Japanese[1]. We are now digitalizing and making big data-base of digital 
archives on various types of archives for science education, which will disclose how taught those 
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3 The test implementation and results 

The test was answered by a large sample of lower secondary school students (approx. 14000 
students) aged 12-15. Because of on-line form data analysis, all answers with very short time of 
solving as well as such with longer than class hour, were unused. The mistakes repeated by a 
large group of pupils could be considered as the misconceptions keeping the skill 
development from the progress. From the evaluation, we can see pupils are able to distinguish 
the prediction out of the other statements at the base of the information given, skill level P1. 
The following direction skills test items are focus on different skill levels (fig. 1). By results,
we can see the pupils have some problems already with first level D1 (reading with the 
comprehension). That can affect the successfulness of the other tasks. 

Fig. 1 Example of test item recipe, focused on following instruction at skill level D1 and D3. 

4 School curriculum innovation 

The results of test of selected inquiry skills at lower secondary level we are using as an 
argument for innovation of school curriculum with stronger focus on inquiry activities and skills 
development. Teachers can participate on training courses, where strategies of implementation 
are trained. Teacher training courses are structured into 4 modules, with each module focused on 
different topic in the extent of 40 hours. They are conducted as blended courses with present (32 
hours) and distant part (8 hours) with the final teachers’ defense at the end of the course. All 
developed scenario for teachers, learning materials for students and other additional materials 
with worksheets are free to use at school.  

5 Conclusion 

The large effort has been put into inquiry skill development via innovative approach in STEM 
education by supporting teaching and learning materials and teacher training within national 
project IT academy. The further wider implementation of inquiry activities into school 
educational programmes can improve the level of lower secondary student’s inquiry skills.  
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by special Japanese teaching styles by using in class those text books written by Japanese and by 
Japanese hands-on tools for experiments in those schools in Meiji 150th.  

Here we discuss mainly centred on “Buturi-gaku Hikki” written by 5th Kumamoto High 
School student on Physics Lecture given by Prof. Sakurai in Meiji 23 (1991), and also centred on 
“Rika Hikki” written by Ujihashi (student of Nagano) in Meiji 24-27 (1891-1894). Sakurai’s
lectures were mainly based on the B. stewart’s “Lessons in Elementary Physics and also on those 
have originate in Ganot and Quackenbos that were thought especially important by himself. He 
was a pioneer of physics educator graduated Tokyo Univ. and actively learned from English and 
France. 

Fig 2 “Rika Hikki” by Ujihashi (left) and “Buturi-gaku Hikki” on Sakurai’s lecture (right)

Based on these analysis [1], we can show how Japanese teachers developed their own teaching 
styles based on Japanese cultures in Meiji Era. We are also clarifying how Japanese science 
educations cached up to the top-level of the world’s, even after the year 1886 when just started
formal "Rika" educations in all Japan. We are developing those studies on Japanese global 
connections in science educations with European and American [2] and Asian in Meiji.

We are promoting researches on the historical roots of Active Learning (AL) in science
educations in Japan. We investigate on some typical students’ notes on early stages of Active 
Learning like educations on Newtonean Mechanics after the 150 th in Japan by using top-level 
textbooks such as written by G.P. Quackenbos, A.P. Ganot, B. Stewart and A.P. Gauge, etc.  

2 Modern Reconstruction 

We are developing ICT and IoT based AL-modules[3] in science educations by useful 
hands-on tools for modern reconstructions of historically valuable teaching materials in Meiji 
Era, by comprehensive research’s and studies for students' notes as shown above, for example 
on “Laws of Fall in water” by resistance force ∝ velocity. It is noticed that the terminal 
falling velocity is just proportional to mass as a result equal to the “Aristotle’s Law of Fall”. 
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Abstract. Over the past few years, our team has been developing instruction materials that use

space science as the context for teaching basic and advanced physics  concepts  in university

courses.  We  have  conducted  surveys  of  student  interest  in  space  science  at  a  variety  of

universities in the USA and one in Brazil, and we find that students majoring in science have

similar strong interest in space science. We will report on our survey of student interest as well as

some of the materials that we have developed and the design process for these materials that

incorporate findings from Physics Education Research.

1 Introduction 

Space science has been shown to generate the most interest among both male and females

high school students in a wide range of countries while at the same time in advanced countries

students  in  general  have  relatively  low  interest  in  becoming  scientists  and  engineers  [1].

Economic growth is dependent more than ever on advanced technology, the need to produce

more scientists and engineers, and to reach out to communities that have been underrepresented

in science, has become a high priority in many countries, especially in the United States [2].

Since  space  science  generates  such  interest  among  students,  this  suggests  that  using  space

science context may be a productive approach to teaching a wide range of science concepts.

In 2016, NASA funded a science education effort centered at Goddard Space Flight Center

called the Heliophysics Education Consortium (HEC), which in 2018 changed its name to the

NASA Space Science Education Consortium (NSSEC).  The NSSEC supports and coordinates a

wide range of education projects involving a number of different groups.  One of these groups is

the American Association of Physics Teachers (in conjunction with Temple University, which

administers the subcontract from NASA).
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by special Japanese teaching styles by using in class those text books written by Japanese and by 
Japanese hands-on tools for experiments in those schools in Meiji 150th.  
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Based on these analysis [1], we can show how Japanese teachers developed their own teaching 
styles based on Japanese cultures in Meiji Era. We are also clarifying how Japanese science 
educations cached up to the top-level of the world’s, even after the year 1886 when just started
formal "Rika" educations in all Japan. We are developing those studies on Japanese global 
connections in science educations with European and American [2] and Asian in Meiji.

We are promoting researches on the historical roots of Active Learning (AL) in science
educations in Japan. We investigate on some typical students’ notes on early stages of Active 
Learning like educations on Newtonean Mechanics after the 150 th in Japan by using top-level 
textbooks such as written by G.P. Quackenbos, A.P. Ganot, B. Stewart and A.P. Gauge, etc.  

2 Modern Reconstruction 

We are developing ICT and IoT based AL-modules[3] in science educations by useful 
hands-on tools for modern reconstructions of historically valuable teaching materials in Meiji 
Era, by comprehensive research’s and studies for students' notes as shown above, for example 
on “Laws of Fall in water” by resistance force ∝ velocity. It is noticed that the terminal 
falling velocity is just proportional to mass as a result equal to the “Aristotle’s Law of Fall”. 
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2 Undergraduate Materials for Physics Education with Space Science Themes

The American Association of Physics Teachers (AAPT) is a professional scientific society

focused on physics  teaching and discipline-based education research  in  physics  at  the high

school, undergraduate, and graduate levels.  AAPT was approached by NASA and asked to

participate in the HEC (later NSSEC) and to focus on developing content for undergraduate

science education.  A team was formed, led by R. Lopez, who is a space physicist who also

works in physics education,  with other team members who have experience in physics and

astronomy education and teacher preparation.

Some work already existed that pointed to potential uses for space science as a vehicle to

teach basic physics in the university setting [3].  The team began developing materials intended

for a range of university courses, including introductory physics, courses intended for future

teachers,  and upper division physics courses.   The models for the materials  were based on

existing examples of research-based instructional materials [4,5] to target specific concepts using

a space science context.  One example is to use a series of images of a Coronal Mass Ejection

leaving the Sun to calculate the velocity of the plasma cloud as a means to reinforce the basic

ideas of kinematics through the application to the motion of a real-world object.  Some materials

were been developed to support the 2017 solar eclipse that cross the United States, and these are

available [6].

The team, in conjunction with a colleague in Brazil, has been conducting a simple, short

survey of student interest in using space science as a vehicle for teaching a wide range of science

topics.  While such data exists for high school students, and the results show high student interest

across cultures [1], we want to know to what extent this is reflected among university students

majoring in science.  We will present our results at the GIREP meeting, along with a description

of current instructional materials projects and how once can access the materials.

3 Conclusion

We  have  been  developing  research-based  instructional  materials  that  use  space  science

concepts to teach and/or reinforce basics physics ideas and concepts.  Our preliminary results

indicate that students have a great interest in these topics.  We will report in detail the findings of

our survey of student interest and provide several examples of the materials we have developed

or are developing.
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The American Association of Physics Teachers (AAPT) is a professional scientific society

focused on physics  teaching and discipline-based education research  in  physics  at  the high

school, undergraduate, and graduate levels.  AAPT was approached by NASA and asked to

participate in the HEC (later NSSEC) and to focus on developing content for undergraduate

science education.  A team was formed, led by R. Lopez, who is a space physicist who also

works in physics education,  with other team members who have experience in physics and

astronomy education and teacher preparation.

Some work already existed that pointed to potential uses for space science as a vehicle to

teach basic physics in the university setting [3].  The team began developing materials intended

for a range of university courses, including introductory physics, courses intended for future

teachers,  and upper division physics courses.   The models for the materials  were based on

existing examples of research-based instructional materials [4,5] to target specific concepts using

a space science context.  One example is to use a series of images of a Coronal Mass Ejection

leaving the Sun to calculate the velocity of the plasma cloud as a means to reinforce the basic

ideas of kinematics through the application to the motion of a real-world object.  Some materials

were been developed to support the 2017 solar eclipse that cross the United States, and these are

available [6].

The team, in conjunction with a colleague in Brazil, has been conducting a simple, short

survey of student interest in using space science as a vehicle for teaching a wide range of science

topics.  While such data exists for high school students, and the results show high student interest

across cultures [1], we want to know to what extent this is reflected among university students

majoring in science.  We will present our results at the GIREP meeting, along with a description

of current instructional materials projects and how once can access the materials.

3 Conclusion

We  have  been  developing  research-based  instructional  materials  that  use  space  science

concepts to teach and/or reinforce basics physics ideas and concepts.  Our preliminary results

indicate that students have a great interest in these topics.  We will report in detail the findings of
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Abstract. The functioning of the Lawson’s Classroom Test of Scientific Reasoning (LCTSR) 
and the impact of the three scoring methods were investigated and compared with Rasch analysis 
on a sample of 98 prospective physics teachers from Faculty of Science, University of Zagreb.  

1 Introduction  

Lawson’s Classroom Test of Scientific Reasoning (LCTSR) [1] is one of the most widely 
used instruments for evaluation of students’ scientific reasoning.  It is a two-tier test consisting of 
24 items. Items 1-20 are ten pairs of answer-reasoning items, and items 21-24 are in our view not 
two-tier, but separate questions.  Our aim is to compare three different methods of scoring for 
LCTSR using Rasch analysis. One study already investigated this issue [2], but produced 
inconclusive results regarding which scoring model to use.  

2 Methodology 

The first scoring method is separate scoring, in which each item is scored independently. 
The second method is paired scoring, in which the first ten question pairs are scored together, 
and 1 point is awarded for the pair if both questions are solved correctly. The remaining four 
questions in the test (21-24) are scored separately. The third method is partial credit scoring 
for ten pairs of two-tier items, in which 2 points are awarded if both questions are solved 
correctly, 1 point is awarded if only the first question in the pair is solved correctly, and 0 
points are awarded if only the second question from the pair (the reasoning question) is 
answered correctly, or if none of the questions is solved correctly. LCTSR was administered 
to 98 students at Faculty of Science, University of Zagreb who are prospective physics 
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teachers at the beginning of their last year of study. Data was analyzed with Winsteps 
software for Rasch analysis. 

3 Results  

The Rasch analysis of LCTSR revealed that it functioned relatively satisfactorily, although 
problems with some questions were identified. Each scoring method produced a different set 
of measures of student scientific reasoning. The crossplots of measures for each student 
suggested that the measures were largely the same within the limits of their uncertainties, as 
illustrated for two scoring methods in Fig.1. However, the scoring method impacted some 
aspects of test functioning, such as its targeting, width and reliability. 

 
 

Fig. 1 Example of a crossplot of student measures of scientific reasoning (in logit) obtained with separate and paired 
scoring. The curved lines are confidence bands determined by the uncertainties of measures. 

4 Conclusion 

We conclude that, at least for this sample, it does not matter which scoring method is used 
on LCTSR. However, the scoring method can impact some other aspects of test functioning, 
which will also be discussed. We suggest that this simple analysis can help researchers to 
check the functioning of different scoring models for their samples.  
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Abstract. In Slovakia students learn about meteorology in the physics lessons only in the 7th 
grade. On the other hand, they have only shallow knowledge about changes of state. That is 
why a programme for the 9th-grade-students have been developed in which via understanding 
cloudformation and formation of precipitation they can learn the changes of state better. In this 
paper the syllabus developed and the educational experience concerning it will be presented. 
Besides on the basis of assessments completed before and after the programme the 
development will be evaluated.  

1 Introduction 

The knowledge connected to meteorology is introduced only in the 7th grade in Physics 
lessons in Slovakia. Formation of precipitation and measuring of simple meteorological 
elements are dealt with within thermodynamics. Students become acquainted with the 
formation of rain. During the experiment they can see that when steam adjoins a cold surface, 
it condenses. Besides this water circulation and the formation of acid rain are taught. In the 
7th grade there is one more group task. It is when the changes of meteorological elements are 
being examined with self made instruments (hygrometer, weathercock, rain gauge). 

Atmospheric phenomena are taught in a descriptive way in the Geography lessons within 
the course of geospheres in the first class of the grammar school. Unfortunately, he physical 
laws behind the above mentioned phenomena are not being discussed. 

Students do not know (do not understand) the physical causes of everyday phenomena 
such as cloudformation or precipitations. In order to have my students understood better these 
everyday phenomena and the physical laws behind them, I have compiled an activity and 
tested it in the duration of several lessons with our 9th grade students. The program is 
applicable: 

a. at school lessons on a weekly basis, 
b. in study groups or 
c. at summer camps in one-day or two half-day workshops. 

2 Hypothesis 

The understanding of causes of cloud formation contributes to the students’ better 
understanding of changing of states, formation of precipitation and undercooling. 

3 Methods 

At the beginning of the programme I carried out a survey on the students´ previous 
knowledge on formation of clouds and fog. I also asked them about the reasons why 
condensation trails are formed. We performed experiments using simple instruments on mist 
and cloud formation for better understanding of their reasons and mechanism. The goal of the 
experiments were to make students understand that the increase of humidity or cooling down 
of ambient air is not enough for the steam and vapour to become liquid. Condensation nuclei 
are needed for the formation of waterdropps and ice crystals which are the components of 
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teachers at the beginning of their last year of study. Data was analyzed with Winsteps 
software for Rasch analysis. 

3 Results  

The Rasch analysis of LCTSR revealed that it functioned relatively satisfactorily, although 
problems with some questions were identified. Each scoring method produced a different set 
of measures of student scientific reasoning. The crossplots of measures for each student 
suggested that the measures were largely the same within the limits of their uncertainties, as 
illustrated for two scoring methods in Fig.1. However, the scoring method impacted some 
aspects of test functioning, such as its targeting, width and reliability. 

 
 

Fig. 1 Example of a crossplot of student measures of scientific reasoning (in logit) obtained with separate and paired 
scoring. The curved lines are confidence bands determined by the uncertainties of measures. 

4 Conclusion 

We conclude that, at least for this sample, it does not matter which scoring method is used 
on LCTSR. However, the scoring method can impact some other aspects of test functioning, 
which will also be discussed. We suggest that this simple analysis can help researchers to 
check the functioning of different scoring models for their samples.  
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clouds. We demonstrated it with a supercharged steam which was created in a jar but the 
formation of fog started only when some smoke got into the jar. We also studied the growth 
of waterdropps and discussed the relationship between the clouds and fog. 

Clouds contain not just only waterdropps but ice particles either. Students had the 
possibility to learnobserve the process of formation of ice particles, too. Without condensation 
nuclei the formation of ice particles starts only far below the melting point. While we were 
searching for the reasons of formation of snowdrops, we examined the formation of crystals 
in supersaturated solutions. This way the students could learn the supercooled liquid and the 
supersaturated solution, too. We dealt with mixed phase clouds and over and above why there 
are black clouds in the sky. 

After the experimental part students got acquainted with the classification of clouds and 
types of clouds. We dealt with the reasons of formation of condense trails, with its types and 
composition. During the last phase of the programme they made daily observations and wrote 
a diary on clouds. The last step in the programme was a knowledge assessment. 

4 Conclusion 

The fourteen-fifteen-year-old students have only simple, common conceptions about phase 
transition. They are able to name / specify the changes of state, have simple conceptions about 
the changes of the structure of molecules and know which transformation requires heat 
absorption and which heat removal. 

In the secondary school this knowledge is widened with the energy calculation of changes 
of state and the drawing of a phase diagram. 

During the examination of cloudformation students understood the changes of state better, 
an idea of the consistence of clouds was being formed. The everyday examination of clouds 
and condensetrails aroused students’ interest in the examination of processes occurring in 
their environment. 
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Chiang Mai 50200, Thailand 
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Abstract. This study aimed to investigate student understanding of graphs in simple harmonic 
motions using eye-tracking technique and an interview. Twenty-three university students 
participated in answering 11 multiple-choice questions, adopted from Somroob & 
Wattanakasiwich (2017). Students’ responses and visual attention were recorded by an eye 
tracker and they were interviewed to provide reasoning on their answers. As results, students had 
similar misconceptions found in previous studies. The heat map from eye-tracking technique 
helps to identify and categorized student abilities in interpreting graphs. Their interpretations 
could be categorized into novice, mixed-model and experienced state. 

1 Introduction  

Simple harmonic motion is a fundamental concept in many advanced physics topics such as 
waves, quantum mechanics, and force driven oscillation etc. SHM is an oscillation caused by a 
linear elastic restoring force, so its displacement as a function of time is sinusoidal with a 
constant amplitude and period. To deeply understand simple harmonic motion, students should 
understand concepts of restoring force, relationships among displacement, velocity and 
acceleration, and conservation of energy. Students engaged in deeper level of understanding 
often are able to connect physical concepts to graphical representations and to real world. 
Previous studies used eye-tracking to investigate student understanding of graph slope and area 
under graph (Susac et al., 2018), graphical representation of experimental data (Susac et al., 
2017), and kinematics graphs (Kekule, 2015). Also, previous studies found that most students 
have difficulties in relating simple harmonic motion concepts with graphical representation 
(Somroob & Wattanakasiwich, 2017; Tongnopparat, Poonyawatpornkul, & Wattanakasiwich,
2014). Therefore, this study aimed to investigate student understanding of graphs in simple 
harmonic motions using eye-tracking technique and an interview.

2 Methods 

2.1 Participants 

Participants in this study were 23 undergraduate students from Chiang Mai University, 
Thailand. They were geology major or mathematics major and learned simple harmonic motion 
in Physics I course from previous semester. Each participant gave an informed written consent 
before taking part in this study and they were paid to participate. 
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clouds. We demonstrated it with a supercharged steam which was created in a jar but the 
formation of fog started only when some smoke got into the jar. We also studied the growth 
of waterdropps and discussed the relationship between the clouds and fog. 

Clouds contain not just only waterdropps but ice particles either. Students had the 
possibility to learnobserve the process of formation of ice particles, too. Without condensation 
nuclei the formation of ice particles starts only far below the melting point. While we were 
searching for the reasons of formation of snowdrops, we examined the formation of crystals 
in supersaturated solutions. This way the students could learn the supercooled liquid and the 
supersaturated solution, too. We dealt with mixed phase clouds and over and above why there 
are black clouds in the sky. 

After the experimental part students got acquainted with the classification of clouds and 
types of clouds. We dealt with the reasons of formation of condense trails, with its types and 
composition. During the last phase of the programme they made daily observations and wrote 
a diary on clouds. The last step in the programme was a knowledge assessment. 

4 Conclusion 

The fourteen-fifteen-year-old students have only simple, common conceptions about phase 
transition. They are able to name / specify the changes of state, have simple conceptions about 
the changes of the structure of molecules and know which transformation requires heat 
absorption and which heat removal. 

In the secondary school this knowledge is widened with the energy calculation of changes 
of state and the drawing of a phase diagram. 

During the examination of cloudformation students understood the changes of state better, 
an idea of the consistence of clouds was being formed. The everyday examination of clouds 
and condensetrails aroused students’ interest in the examination of processes occurring in 
their environment. 
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2.2 Materials and Apparatus 

Eleven multiple-choice items were modified from previous study (Somroob & 
Wattanakasiwich, 2017). Visual attention was measured using Tobii Pro X3-120. Participant’s 
eyes were positioned at a distance of approximately 70 cm from the center of the 23 inch 
monitor.  After the eye-tracking session, each participant was interviewed about their reasoning 
in choosing the answers. The whole procedure lasted around 40-60 minutes. 

Fig. 1 Heat map of all participants’ visual attention on items 1 and 9

3 Results and Conclusions 

This study is focused on students’ visual attention and interpretation of graphs in simple 
harmonic motions. The results revealed dominated misconceptions influenced students’
reasoning. The misconceptions were similar to previous findings including difficulties with 
restoring force, relating frequency with amplitude, difficulties with defining an equilibrium 
position, identifying initial phase, and difficulties in relating displacement, velocity and 
acceleration-time graphs. The heat map from eye-tracking technique helps to identify and 
categorized student abilities in interpreting graphs. Their interpretations could be categorized into 
novice, mixed-model and experienced state.  
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The Rasch Model Analysis of Conceptual Tests
Hideo NITTA

Department of Physics, Tokyo Gakugei University, Koganei, Tokyo 184-8501, Japan

Abstract. A method of analyzing conceptual tests such as Force Concept Inventory is presented 
based on the Rasch model.   The advantage of the Rasch modeling is emphasized in the calculation 
of learning gains because it eliminates defects of the normalized learning gain introduced by Hake.
An example of comparing international data using the Rasch model is also demonstrated.

1 Hake’s normalized learning gain

In the development of modern physics education research, establishing the quantitative method 
to compare the effectiveness of lectures played a crucial role. Nowadays it becomes the standard 
method to implement a conceptual test before and after a set of lectures and evaluate the 
improvement of test scores (the pretest-posttest method).   

In this method, reliable conceptual tests are necessary. Among all, Force Concept Inventory 
(FCI) [1] is translated into many languages and widely used all over the world.   To evaluate the 
effectiveness of lectures, it is also important to develop a common measure that enables us to 
compare the effectiveness of lectures without worrying about the difference of initial knowledge
of classes.     For this purpose, Hake introduced the normalized learning gain defined by [2]

〈𝑔𝑔𝑔𝑔〉 =
〈𝑆𝑆𝑆𝑆〉𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 − 〈𝑆𝑆𝑆𝑆〉𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

100 − 〈𝑆𝑆𝑆𝑆〉𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
  , (1)

where 〈𝑆𝑆𝑆𝑆〉𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 and  〈𝑆𝑆𝑆𝑆〉𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 are the averaged pretest and posttest scores (%), respectively. In this 
formula, to which we refer the Hake gain, the raw gain value 〈𝑆𝑆𝑆𝑆〉𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 − 〈𝑆𝑆𝑆𝑆〉𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 is divided by the 
normalization factor 100 − 〈𝑆𝑆𝑆𝑆〉𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 to satisfy the condition 0 ≤ 〈𝑔𝑔𝑔𝑔〉 ≤ 1 .    Thanks to this 
normalization, we may compare the values of the Hake gain for various classes in variety of
universities, middle schools, etc..

The Hake gain has, however, some known problems as a scientific measure.   A well-
recognized problem is that the average of the Hake gain for individual students does not equal to 
the Hake gain for the classroom-averaged scores [3].   Another problem appears when the Hake 
gain takes negative values [4].   These problems are caused by the fact that the Hake gain is 
categorized as the ordinal scale rather than the interval scale [5].

2 Alternative leaning gain based on the Rasch model

To overcome these problems, alternative approaches to introduce the learning gain have been 
proposed [5,6] based on the Rasch model [7].  In the Rasch model the ability parameter for students 
and the difficulty parameter for test items are estimated independently.   Moreover, as these
parameters are additive, one may define the learning gain of individual students simply as the 
difference between the pretest and posttest ability parameters. Let us represent the estimated 
ability parameters of the student  𝑖𝑖𝑖𝑖 for pretest and posttest by 𝜃𝜃𝜃𝜃𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

(𝑖𝑖𝑖𝑖) and 𝜃𝜃𝜃𝜃𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
(𝑖𝑖𝑖𝑖) , respectively.    Then 

the learning gain of the student may be defined by
𝐺𝐺𝐺𝐺(𝑖𝑖𝑖𝑖) = 𝜃𝜃𝜃𝜃𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

(𝑖𝑖𝑖𝑖) − 𝜃𝜃𝜃𝜃𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
(𝑖𝑖𝑖𝑖)  . (2)

Since the ability parameter is additive, the average of gains for individual students becomes 
precisely equal to the gain for classroom averages:  〈𝐺𝐺𝐺𝐺(𝑖𝑖𝑖𝑖)〉 = 〈𝜃𝜃𝜃𝜃〉𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 − 〈𝜃𝜃𝜃𝜃〉𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝. Also, we encounter
no difficulty when 𝐺𝐺𝐺𝐺(𝑖𝑖𝑖𝑖) becomes negative.    Therefore, the problems of the Hake gain mentioned 
above disappear [6].
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2.2 Materials and Apparatus 

Eleven multiple-choice items were modified from previous study (Somroob & 
Wattanakasiwich, 2017). Visual attention was measured using Tobii Pro X3-120. Participant’s 
eyes were positioned at a distance of approximately 70 cm from the center of the 23 inch 
monitor.  After the eye-tracking session, each participant was interviewed about their reasoning 
in choosing the answers. The whole procedure lasted around 40-60 minutes. 

Fig. 1 Heat map of all participants’ visual attention on items 1 and 9

3 Results and Conclusions 

This study is focused on students’ visual attention and interpretation of graphs in simple 
harmonic motions. The results revealed dominated misconceptions influenced students’
reasoning. The misconceptions were similar to previous findings including difficulties with 
restoring force, relating frequency with amplitude, difficulties with defining an equilibrium 
position, identifying initial phase, and difficulties in relating displacement, velocity and 
acceleration-time graphs. The heat map from eye-tracking technique helps to identify and 
categorized student abilities in interpreting graphs. Their interpretations could be categorized into 
novice, mixed-model and experienced state.  
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In principle, the estimated item difficulty parameters are independent of the population of 
students.   However, there appear numerical differences due to the limited number of populations.   
For example, in Fig. 1, we compare estimated difficulty parameters of FCI items obtained from 
Croatian gymnasium (N=1676) and university (N=141) reported by Planinic et al. [8] and a
Japanese high school (N=603).  The correlation coefficients of Japanese high school with Croatian 
gymnasium and with university are 0.74 and 0.77, respectively. We found that numerical values 
of the Rasch gain are not very much affected by the difference of the set of difficulty parameters
because shifts of the absolute values of estimated ability parameters cancel out each other.  
Discussion about the robustness of estimated gain values in the Rasch model will be given in the 
presentation in more detail. 

Fig. 1 The difficulty parameter of FCI 30 items.   The solid blue line represents Japanese high school, and dotted and 
dashed lines the gymnasium and university data of Croatia obtained by Planinic et al. [8] 

3 Conclusion

Test analysis using the Rasch model brings us many advantages.  The model makes us possible 
to compare absolute ability of students that is independent of the population.   Moreover, leaning 
gain is not much affected by numerical uncertainties of the set of difficulty parameters used for the 
estimation. The only disadvantage of the use of the Rasch model was the complex procedure for 
the estimation of ability parameters.   However, nowadays the numerical procedure becomes 
accessible to every teacher by using free software such as R.  Finally, it is worthwhile to point out
that we will not be able to use forever the established conceptual tests, such as FCI.   We should
employ modern test theory like the Rasch model for equating old tests to new ones in the future. 
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of the Rasch gain are not very much affected by the difference of the set of difficulty parameters
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3 Conclusion

Test analysis using the Rasch model brings us many advantages.  The model makes us possible 
to compare absolute ability of students that is independent of the population.   Moreover, leaning 
gain is not much affected by numerical uncertainties of the set of difficulty parameters used for the 
estimation. The only disadvantage of the use of the Rasch model was the complex procedure for 
the estimation of ability parameters.   However, nowadays the numerical procedure becomes 
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10th grade students’ representational flexibility and fluency in 
problem-solving on image formation by a concave mirror

Danilo Jr TADEO, Junehee YOO

Seoul National University, Department of Physics Education, 08826, Seoul, South Korea

Abstract. This study investigated how representational fluency improve students' deficiency in 
understanding image formation by a concave mirror when using a chosen flexible representation 
in problem-solving. An analysis of students’ mathematical solutions, ray diagram drawings, and 
interview excerpts is presented. The results revealed that students have deficiencies in the use of 
verbal and ray diagram representations. Sixty-nine percent (69%) of the students displayed 
representational fluency by combining and translating representations and successfully answered 
the problem on image formation.

1 Introduction 

Representational flexibility involves making appropriate representational choices [1] that direct 
students the fastest to the correct answer during a given problem-solving situation. [2]
Representational fluency is the ability to work within and translating among representations,
[3] establishing meaningful links between and switching between representations, [4] and 
combining representations such as verbal, visual, and symbolic representations. [5]

This study identified the deficiencies in the students’ understanding of image formation
during the use of their representational choice in problem-solving. It also investigated how 
fluency in using multiple representations make up for the deficiencies in the students’ 
understanding of image formation by a concave mirror.

2 Methodology

Sixteen (16) Filipino grade 10 students, who have studied image formation for ten (10) 
hours, were individually interviewed to answer a problem in their preferred representation while 
practicing thinking-out-loud. The problem required the students to determine the location, 
orientation, and nature of the image formed when an object is behind the focal point of a 
concave mirror. The interview, as well as the written mathematical solutions and drawn ray 
diagram, were video recorded and analyzed. 

3 Results and Discussions

3.1 Students’ flexible representational choice and the deficiencies in understanding during the 
use of this representation. 

Students are said to have a flexible representation that corresponds to their first chosen 
representation during the problem-solving. The percentages of representational choices are 44%, 
25%, and 13% for ray diagram, mathematical, and verbal representation respectively. Three 
students (19%) chose the ray diagram as their flexible representation but failed to provide a correct 
drawing of their solution to the problem.

Deficiencies found are related mostly with verbal and ray diagram representations such as 
“wrong interpretation of ray diagram and mathematical results” (44%) and “unparalleled 
drawing with mathematical solutions and verbal predictions” (25%).

A06-1



244

3.2 Improvement of students’ understanding through fluency: combinations and translations 
between representations

Successful combinations of representations are ray diagram-mathematical (44%), followed 
by mathematical-ray diagram (19%), and verbal-ray diagram (6%). Seventy-five percent (75%) 
of the students could translate verbal representation to ray diagram, while 69% could translate 
verbal representation to mathematical. Verbal statements were translated into drawing elements 
of the ray diagram or values in a mathematical solution. 

Furthermore, 88% of the students could translate from both ray diagram and mathematical 
representation to verbal representation but only 44% could combine and translate ray diagram 
and mathematical results to make verbal descriptions for the location and orientation of the 
image, evaluate the problem-solving process, and justify the verbal descriptive answers. 
Finally, eleven students (69%), showed improvement in their understanding of image formation 
when they successfully provided a correct solution to the problem by combining and translating 
between representations. 

4 Conclusion

In this study, students were observed to lack understanding of image formation in their flexible 
representational choice so that they needed to combine and translate representations to successfully 
answer the problem. Thus, successful problem-solving involving representational fluency is 
evidence of the students’ improved understanding of image formation.
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Abstract. In this talk we report about our progress in developing and testing a teaching-learning 
sequence on thermal phenomena and irreversibility for secondary school students, based on dice 
and coin toy models which are used both as hands-on game activity, and computer simulations. 
Our approach can be described as laboratory-based, where the term “laboratory” is not intended 
as referring solely the physics lab, but as an integrated laboratory perspective, comprising 
physical experiments, game with toy models, computer simulation, group discussion and group 
tasks. We report the results of a first experimentation with one class of the fourth year of 
secondary school (17-18 years old); a larger trial involving three classes is currently under way. 

1 Introduction 

The teaching of thermodynamics has been in past years among the most openly and widely 
debated areas of physics education. Poor educational results and a high incidence of alternate 
mental models of thermodynamics concepts have been consistently reported by many authors at 
the level of introductory college instruction [1]. Based on such data, proposals of curriculum 
renewal, innovative teaching learning sequences and educational reconstructions have been 
advanced. In relatively recent years, the idea of a “computational” approach to the teaching of 
thermodynamics, heavily based on computer simulations, has gained momentum [2]. Many of 
these proposals are centered on undergraduate education, and difficulties are perceived in 
promoting computational thinking at the level of secondary school. Our group has been involved 
in research on the teaching of thermodynamics for a number of years, and has been part of the 
drive for innovation coming from the computational perspective [3]. In recent times we have 
started developing an approach to different problems in physics which is based on activities 
where student groups compare the results of a real low-cost experiment with those of a) a 
playable dice/coin model and b) a numerical simulation extending the stochastic model to a 
number of elements not easily achieved by actually performing the game with physical dice or 
coins. In this perspective the design of simulations still plays a significant role, but such 
simulations do not take the lead from theoretical considerations but are motivated (and made 
easier to understand) as extensions of playable games of chance. The success of the toy model 
and simulation in emulating the behavior of real systems is then, only as a last step of the 
activity, explained in terms of a more complete microscopic theory.  This idea has been tested 
with problems coming from different areas of physics: radioactivity, luminescence, and thermal 
contact [4,5] and we used is as the base for a TLS on thermal phenomena, irreversibility and the 
second principle of thermodynamics for the secondary school. 

2 Description of the TLS 

The TLS has a total duration of about 22 hours and is structured according to the following 
steps: 1) Motivating activity on reversibility and irreversibility. 2) Kinetic theory of gases and the 
first principle of thermodynamics. 3) Microstates and macrostates. 4) The approach to thermal 
equilibrium. 5) Boltzmann’s definition of entropy and the second principle of thermodynamics. 
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4 Conclusion
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6) Group discussion with readings on the historical debate on the second principle of 
thermodynamics. 7) Entropy and heat exchanges: a justification of Clausius’ formula. For all the 
steps of the sequence, frontal lectures are kept to a minimum; group tasks and gaming/coding 
activities will be discussed at the conference; in the following we describe more in detail only the 
activity on thermal equilibrium (step 4 of the sequence). 

The activity spans 4 hours in total (2 in the physics lab and 2 in the computer lab) and 
includes the following sub-activities: 

- Low cost laboratory experiment: students measure the time evolution of the temperature of 
two bodies of water of different mass set in thermal contact.  

- Toy model experiment. Students are provided with a board with two rows with different 
numbers of squares, corresponding to the number of faces of two dice each group has available 
(for example, a 12 sided and a 20 sided dice). Each group is given a certain quantity of coins 
which are initially distributed on the squares of the two rows so that one is almost filled, one 
almost empty.  The experiment proceeds with students throwing the two dice, and moving the 
coin from one row to the other if the roll of the two dice corresponds to one filled and one empty 
square. Students repeat the process of throwing dice many times exchanging each time the 
positions of coins until they declare that the system is essentially “at equilibrium” (30-35 times 
are typically sufficient).

- Numerical simulation. Each of the groups is given the task to write down the abstract 
pseudo-code for a computer program simulating the toy model for an arbitrary number of 
squares on the two rows, and initial coins. Subsequently the teacher helps students to write the 
actual code in Matlab/Octave (no more than 20 lines of code), and perform simulations with a 
larger number of rows and coins observing a progressive reduction of fluctuations away from 
equilibrium. 

- Statistical analysis of the toy model, and justification of the toy model in terms of 
microscopic dynamics. The exponential behavior is derived from the analysis of the model 
according to the laws of probability, and the model is justified as a simplification of the 
underlying microscopic dynamics problem.  

3 Context and results 

The TLS was first tested with one class of 15 students of the fourth year of high school. After 
substantial revision, a new experimentation was set up involving three classes, also of the fourth 
year of secondary school. Results from the first trial were extremely encouraging. We measured 
conceptual learning outcomes by using standard test items from the research literature on 
undergraduate education; results were comparable with, and in some cases superior to, those 
reported for the college level. It is expected that results from the second, larger experimentation 
will be available to be discussed at the conference. 
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Abstract.  A quantitative study was done to investigate three pedagogies using computer

simulations when teaching the photoelectric effect. The pedagogies were guided learning

where  the  teacher  manipulated  the  CS,  semi-autonomous  where  the  learners  used  the

computer  simulations  individually  with  limited  support  and  teacher  chalk  and  talk.

Quantitatively  it  was  found  that  guided  learning  outperformed  the  other  experimental

groups. The aim of this paper, is to report on the depth of nine students’ understanding after

the interventions by analysing student reasoning in the interviews using model analysis and

found that this pedagogy was indeed the most effective. 

1 Introduction and background

The photoelectric effect is a very important quantum mechanical phenomenon that helps

learners  to  build  an  understanding  of  the  photon  model  of  light  [1]  but  is  very  poorly

understood by most learners, and South Africa is no exception [2,3]. Research suggests that

teaching using computer simulations can have benefits on the teaching and learning of the

photoelectric effect [4]. 

A study  was  done  to  explore  effective  pedagogies  using  computer  simulations  when

teaching the photoelectric effect [5]. This quantitative study found that guided learning where

the teacher manipulated the CS is a better method for the effective teaching of photoelectric

effect compared to when learners used the computer simulations individually with limited

support.  Even  the  group  where  the  teacher  used  chalk  and  talk  outperformed  the  semi-

autonomous learning experimental group. 

The aim of this paper however, is to report on the depth of the students’ understanding after

the interventions in the interviews. 

2 Methodologies

An exploratory case study research design was used. Learners were from two physical

sciences classes and their regular teacher in a rural high school in the Frances Baard district of

Northern Cape province in  South  Africa  were used as  participants.  The 30 learners  were

sorted randomly into 3 groups of 10 each and the age of the group ranges from 16 to 21 years.

Qualitative data was collected using observation schedules and learner interviews. The latter

is relevant for this paper. In the semi-structured interview three learners (one high achiever,

medium achiever and a low achiever) from each of the groups were interviewed (CG-control

group,  TCEG  -  Teacher-Centred  Experimental  Group  and  LCEG  -  Learner-Centred

Experimental Group). They were identified using the pre-test scores of the PEAT (see [5]).

Learner  interviews  were  structured  to  elecit  student  understanding  and  comprised  of  6

questions. Only four of the six was used to explore their depth of knowledge. 
Bao and Redish developed concentration analysis to measure how student responses on

multiple questions (MQ) are distributed as MQ only provide a correct or incorrect answer [6].
They found that simply using the results do not actually give an understanding on student
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conceptual learning outcomes by using standard test items from the research literature on 
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alternative knowledge. They then developed model analysis that comprises the three-model
scheme:
 Model  One  (M1)  -  Correct  Expert  Model:  Students  who  demonstrate  a  complete

understanding and their response is scienti?cally accepted. 
 Model Two (M2) - Common Alternative Conception Model: Students who are in some

cases correct and in some cases wrong.  
 Model  Three  (M3)  -  Null  Model:  Students  who  are  guessing  the  answers  by  having

unstructured reasoning.
Acknolwedged that this model analysis is more complex and used for MQ, it was decided

to use as benchmark for categorising the students answers to the interview questions (Table 1).

3 Results

Table 1. Results of the interview questions

Question Groups M1 M2 M3

1. How  does  the  increase  of  intensity  of  light  affect  the  number  of

ejected electrons in the photoelectric effect?

CG 1 2

TCEG 3

LCEG 1 2

2. The increase in the frequency of light, results in the increase of kinetic

energy of the ejected electrons. How can you explain this

CG 1 2

TCEG 3

LCEG 3

3. Could you please comment on the graph

CG 3

TCEG 2 1

LCEG 3

4. What nature of light is evident from photoelectric effect? CG 3

TCEG 2 1

LCEG 3

4 Conclusion

The  interview  data  suggests  that  the  learners  in  the  TCEG  gained  a  high  conceptual

understanding of the photoelectric effect compared to the other groups. This confirms the

quantitative data. The selective presentation of the simulations using only the relevant features

of the simulation helps in transferring the knowledge to learners. The data confirms that the

learners in the Teacher-Centred Experimental Group were less confused and more confident

in the topic.

There  are  numerous studies  focused on the efficacy of  simulation-  assisted instruction

versus traditional instruction but there are fewer studies exploring how different forms of

computer  simulations  influence  students’ science  learning  outcomes  in  secondary-school

classrooms [7]. 
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Abstract. Recent trends towards flipped classrooms and active teaching strategies raise 
interesting questions regarding the teaching of physics to large introductory classes.  We discuss 
the design and implementation of a flipped, ‘studio style’ physics class at Harvard. This course 
blends six best practices to deliver a learning experience that helps students develop important 
skills, including communication, estimation, problem solving, and teamwork. Additionally, we 
discuss findings from a study on student’s perceptions of active learning strategies in physics 
classes at Harvard. We have found that, compared with students in traditional lectures, students in 
active classes perceived that they learned less, while in reality they learned more.  

1 Applied Physics 50  

Active teaching strategies and flipped classrooms are becoming more widely adopted 
pedagogies in college physics classrooms. We discuss Applied Physics (AP) 50, a flipped 
class with no lectures. Students complete pre-class reading assignments using a social
annotation software designed to allow them to ask questions about the material and interact 
with one another before coming to class. Then, while in class, students work in small, 
structured teams on projects and six different types of activities designed to help them better 
learn the material. The pedagogy in AP50 draws on features from both Project Based 
Learning [1] and Team Based Learning [2]. All of the learning goals for AP50 are addressed 
through three projects that students work on in class, as part of a team. Students work within 
these teams for all aspects on the course, including assessments. Peer Assessment is an 
important aspect of Team Based Learning; students evaluate their teammates’ contributions 
and this assessment contributes significantly to the final grade. In addition to having time to 
work with their teams on the projects, students use class time engaging in six different types 
of “best practice” activities (Peer Instruction [3], estimations, problem solving, experimental 
design, tutorials, readiness assurance). Each of these class activities are designed to help 
students master the relevant physics to get started on the projects, which serve as the focal 
point for the course.  

2 Measuring Students’ Response to Being Actively Engaged in the Classroom 

We compared students’ self-reported perception of learning with their actual learning 
under controlled conditions in large-enrollment introductory college physics courses taught 
using (i) active instruction, and (ii) passive instruction (lecture).  Both groups received 
identical class content and handouts, students were randomly assigned, and the instructor 
made no effort to persuade students of the benefit of either method. For the class on the topic 
of static equilibrium, instructor A used active learning, while instructor B taught the same 
topic using a passive lecture.  For the class on the topic of fluids, instructor A used a 
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passive lecture while instructor B used active learning.  At the end of each class, students 
completed a survey about their perceptions of the class and their feeling of learning (FOL), 
followed by a multiple-choice test of learning (TOL).   

Figure 1 shows the results of both the TOL and the FOL for the statics class. The results 
for the fluids class show exactly the same trend. Students in active classrooms learned more, 
but their perception of learning, while positive, was lower than that of their peers in passive 
environments.  Students in passive lectures reported higher satisfaction and a greater desire to 
have “all of their physics classes taught this way.”  

Fig. 1 A comparison of performance on the TOL and FOL responses between students taught 
with a traditional lecture (passive) and students taught actively for the statics class.

3 Conclusion 

AP50 has proven to be an effective model for teaching introductory physics and we are in 
the process of disseminating it to other departments and institutions. Misperceptions about 
active learning may reduce students’ motivation to participate and may discourage faculty 
from adopting research-based active teaching strategies.  Consequently, this suggests that 
attempts to evaluate instruction based on students’ perceptions of learning could inadvertently 
promote inferior (passive) pedagogical methods.  These results illustrate how students react to 
the increased cognitive effort associated with active learning when it is not presented in a way 
that mitigates student resistance, and emphasize the importance of “framing” active learning 
properly at the beginning of a semester.
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Abstract. Recent trends towards flipped classrooms and active teaching strategies raise 
interesting questions regarding the teaching of physics to large introductory classes.  We discuss 
the design and implementation of a flipped, ‘studio style’ physics class at Harvard. This course 
blends six best practices to deliver a learning experience that helps students develop important 
skills, including communication, estimation, problem solving, and teamwork. Additionally, we 
discuss findings from a study on student’s perceptions of active learning strategies in physics 
classes at Harvard. We have found that, compared with students in traditional lectures, students in 
active classes perceived that they learned less, while in reality they learned more.  

1 Applied Physics 50  

Active teaching strategies and flipped classrooms are becoming more widely adopted 
pedagogies in college physics classrooms. We discuss Applied Physics (AP) 50, a flipped 
class with no lectures. Students complete pre-class reading assignments using a social
annotation software designed to allow them to ask questions about the material and interact 
with one another before coming to class. Then, while in class, students work in small, 
structured teams on projects and six different types of activities designed to help them better 
learn the material. The pedagogy in AP50 draws on features from both Project Based 
Learning [1] and Team Based Learning [2]. All of the learning goals for AP50 are addressed 
through three projects that students work on in class, as part of a team. Students work within 
these teams for all aspects on the course, including assessments. Peer Assessment is an 
important aspect of Team Based Learning; students evaluate their teammates’ contributions 
and this assessment contributes significantly to the final grade. In addition to having time to 
work with their teams on the projects, students use class time engaging in six different types 
of “best practice” activities (Peer Instruction [3], estimations, problem solving, experimental 
design, tutorials, readiness assurance). Each of these class activities are designed to help 
students master the relevant physics to get started on the projects, which serve as the focal 
point for the course.  

2 Measuring Students’ Response to Being Actively Engaged in the Classroom 

We compared students’ self-reported perception of learning with their actual learning 
under controlled conditions in large-enrollment introductory college physics courses taught 
using (i) active instruction, and (ii) passive instruction (lecture).  Both groups received 
identical class content and handouts, students were randomly assigned, and the instructor 
made no effort to persuade students of the benefit of either method. For the class on the topic 
of static equilibrium, instructor A used active learning, while instructor B taught the same 
topic using a passive lecture.  For the class on the topic of fluids, instructor A used a 
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Abstract. It is now 40 since the seminal paper by Viennot [1] that showed that students possess 
robust beliefs about the world that hinder their learning of scientific concepts. A tremendous 
effort has gone in to identifying these misconceptions, and it is now mainstream in physics 
education research (PER) to test students’ conceptual knowledge both prior to and after 
instruction to test how effectively teaching has changed students’ conceptual knowledge. 
However, whilst conceptual knowledge is a pre-requisite for correct thinking, the latter does not 
necessarily follow from the former. In testing conceptual knowledge, we might actually be 
observing faulty reasoning. 

In this paper I report the results of two separate studies into the detailed reasoning behind a 
notoriously difficult question on the Force Concept Inventory. It is a follow-on question that asks 
students what happens when the force is applied to an object moving at constant speed is 
doubled. The question is rich in context and requires a high level of abstraction, as the object is 
box being pushed across a floor and the force is provided by a woman. In so far as a force can 
only be applied when a person’s feet are in contact with the ground, a constant force is unphysical 
and it is of course unphysical to suppose that both the woman and the box will accelerate 
indefinitely, but stripped of the context and reduced to a problem of a nett force being applied to
an object, this is exactly what should happen. As a straightforward question testing a 
misconception, then, the question is not without its difficulties. Not only does it require a high 
level of abstract thought but it also tests elements of Newton’s third  law as well as the second. 
The item-response data of Wang and Bao [2] shows that students with a total FCI score of less 
than 16 stand little or no chance of getting this question correct, whilst students with a total score 
of 25 stand only a 50% chance of making the correct choice.  

This paper reports on the outcome of a questionnaire delivered to two entirely separate groups of 
entry-level students. Prompted by a previous analysis that indicated at some irrationality in the 
choice of answer to this question, the intention was to elucidate the thinking behind the choice of 
answer and to establish whether trends observed changed over time. Both groups made similar 
wrong choices for similar reasons.  Looking in detail at the reasons for the incorrect choice of 
answer, the majority of students in both groups choose the wrong answer because they believed 
the resistive force increases as the force applied by the woman  increases. However, a good 
proportion of those were able to identify the correct answer when told that the resistive force 
remains unchanged, suggesting a correct understanding of the second law and the ability to 
reason correctly with the right information to hand. The increase in resistive force is attributed in 
some cases to the existence of air resistance, in others to a misunderstanding of the third law and 
in others there is no satisfactory explanation. Many others who still choose the wrong answer on 
being told the resistive force is constant appear to have a flawed concept of acceleration.
The questions as to whether these common misconceptions are better considered as flawed 
mental models is addressed, along with a discussion of the potential pedagogical benefits of 
doing so. 
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Abstract. It is now 40 since the seminal paper by Viennot [1] that showed that students possess 
robust beliefs about the world that hinder their learning of scientific concepts. A tremendous 
effort has gone in to identifying these misconceptions, and it is now mainstream in physics 
education research (PER) to test students’ conceptual knowledge both prior to and after 
instruction to test how effectively teaching has changed students’ conceptual knowledge. 
However, whilst conceptual knowledge is a pre-requisite for correct thinking, the latter does not 
necessarily follow from the former. In testing conceptual knowledge, we might actually be 
observing faulty reasoning. 

In this paper I report the results of two separate studies into the detailed reasoning behind a 
notoriously difficult question on the Force Concept Inventory. It is a follow-on question that asks 
students what happens when the force is applied to an object moving at constant speed is 
doubled. The question is rich in context and requires a high level of abstraction, as the object is 
box being pushed across a floor and the force is provided by a woman. In so far as a force can 
only be applied when a person’s feet are in contact with the ground, a constant force is unphysical 
and it is of course unphysical to suppose that both the woman and the box will accelerate 
indefinitely, but stripped of the context and reduced to a problem of a nett force being applied to
an object, this is exactly what should happen. As a straightforward question testing a 
misconception, then, the question is not without its difficulties. Not only does it require a high 
level of abstract thought but it also tests elements of Newton’s third  law as well as the second. 
The item-response data of Wang and Bao [2] shows that students with a total FCI score of less 
than 16 stand little or no chance of getting this question correct, whilst students with a total score 
of 25 stand only a 50% chance of making the correct choice.  

This paper reports on the outcome of a questionnaire delivered to two entirely separate groups of 
entry-level students. Prompted by a previous analysis that indicated at some irrationality in the 
choice of answer to this question, the intention was to elucidate the thinking behind the choice of 
answer and to establish whether trends observed changed over time. Both groups made similar 
wrong choices for similar reasons.  Looking in detail at the reasons for the incorrect choice of 
answer, the majority of students in both groups choose the wrong answer because they believed 
the resistive force increases as the force applied by the woman  increases. However, a good 
proportion of those were able to identify the correct answer when told that the resistive force 
remains unchanged, suggesting a correct understanding of the second law and the ability to 
reason correctly with the right information to hand. The increase in resistive force is attributed in 
some cases to the existence of air resistance, in others to a misunderstanding of the third law and 
in others there is no satisfactory explanation. Many others who still choose the wrong answer on 
being told the resistive force is constant appear to have a flawed concept of acceleration.
The questions as to whether these common misconceptions are better considered as flawed 
mental models is addressed, along with a discussion of the potential pedagogical benefits of 
doing so. 
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Misconceptions in mechanics and their elimination
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Abstract. Misconceptions are beliefs that contradict accepted scientific knowledge but they are 
seemingly supported by common-sense arguments. From testing of misconceptions, we have 
deduced, that they are also related to the structure of knowledge. Some basic elements of the 
incomplete knowledge structure have been identified, which promote the root of 
misconceptions to be persistent. On the basis of recognizing and eliminating these 
shortcomings a distinct guidance to the prevention or overcoming of misconceptions is 
proposed.

1 Introduction  

In the present paper the properties of students’ misconceptions are investigated and a new 
theoretical approach is proposed, which facilitates the overcoming them. An interactive 
teaching material is also presented, which was developed relying on the results of studying 
the reasons and development of misconceptions. Elimination of students’ misconceptions is a 
very old question, which has been a crucial matter for teachers for a long time. There are a lot 
of excellent papers concerning it from the last century up till now [1], but the problem of 
treatment of misconceptions already arose at the time of Galilei [2]. Papers concerning 
misconceptions are continuously drawing attention to the influence of misconceptions on 
teaching and they are trying to seize their essential properties to help their overcoming.

2 Research

Our research has been restricted to the field of mechanics. The basic research question was 
how we can help students’ conceptual understanding to get rid of misconceptions. Students 
were tested in point mechanics and the mechanics of rigid bodies (114 students) as well as in 
hydrostatics (186 students). In the first two topics the Mechanics Baseline test [3] was used 
while for testing hydrostatics, our autonomously elaborated questions were combined with 
some chosen from questionnaires which can be found in literature [4]. It is worth mentioning 
that for testing hydrostatics we did not use a multiple choice questionnaire. It contained 
relatively simple questions, which were directed to check the students’ conceptual knowledge. 
In case of these questions, the short explanation of the answers was also asked therefore it 
was very useful for following students’ cognitive processes [5].

3 A theoretical approach

This research led to the recognition of a new aspect of misconceptions. Students' answers 
to test questions were investigated from the point of view of the lack of information or of the 
wrong information structure. We have sought to find an information deficiency behind the 
wrong answer based on a misconception. The connection between the given type of 
information lack and the structure of knowledge content was also analysed. Test results have 
indicated that some features of the content knowledge may enhance the probability of the 
development of misconceptions. We would like to emphasize that in this respect our approach 
to misconceptions differs from the usual one. According to us, misconceptions are often not 
the consequence of incorrect thinking or making bad conclusions, but they might come from 
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the bad fit of curriculum with the intrinsic structure of subject. Therefore we examined, what 
kind of relation exists between misconceptions and the structure of knowledge. We relied on 
the assumption that if a student has got all essential information and he/she knows all 
important relations of factual knowledge, the emergence of misconceptions is mostly 
excluded.

So we have mapped the core elements of the knowledge system including the essential 
connections between them. Comparing the key concepts and relations of the subject with the 
misconceptions revealed by the tests a cognitive net was created, which helps teachers to find 
the methods of excluding misconceptions. This net includes besides the main concepts, some 
guidance concerning the knowledge of students and the teaching instructions, namely that 
teaching instructions should be directed: 

- to provide all essential information on the subject,  
- to facilitate to recognize and provide of entire trains of thought, 
- to ensure a well-organized transfer of closely related concepts as well as an exploitation 
of the guiding and controlling role of the Fundamental Principles. 

4 Overcoming the misconceptions 

An efficient means of controlling and acquiring knowledge of physics is experimentation. 
Supplementing our theoretical results IT teaching aids have been also created. They are 
special regard to elimination of misconceptions and provide opportunity for virtual 
experimentation and the interactive learning of mechanics and hydrostatics. According to our 
experience, these IT tools can be well applied in regular school teaching, but also for 
interactive individual learning. In our presentation the special features of these tutorials will 
be demonstrated too. 

Summary 
A model for the interpretation of the connection between students’ misconceptions and the 
structure of content knowledge in mechanics is proposed. The model is based on the 
exploration of the deficiency of the knowledge structure developed in school teaching. 
Supplementary IT learning aids were also produced to promote the overcoming of 
misconceptions. We are convinced that the results detailed here may help the work of those 
who are trying to avoid those traps leading to misconceptions that occur during teaching. 

Acknowledgements 
This study was funded by the Content Pedagogy Research Program of the Hungarian 

Academy of Sciences. 

References 

[1] A. Eryilmaz, Effect of Conceptual Assignments and Conceptual Change Discussions on Student's 
Misconceptions and Achievement Regarding Force and Motion, Journal of Research in Science Teaching 
39 (2002) 1001–1015.

[2] R. E. Krebs, Scientific Development and Misconceptions Through the Ages: A Reference Guide.
Greenwood press, 1999.

[3] D. Hestenes, M. Wells, G. Swackhamer, Force Concept Inventory, The Physics Teacher 30 (1992) 141-
158.

[4] M. E. Loverude, P. R. L. Heron, C. H. Kautz, Identifying and addressing student difficulties with 
hydrostatic pressure, American Journal of Physics 78 (1), 2010, pp. 75-85.

[5] I. Kuczmann, The Structure of Knowledge and Students’ Misconceptions in Physics, AIP Conference 
Proceedings 1916, American Institute of Physics, 2017.



257

 

Multiple Intelligences Explaining Conceptual Understanding in
Physics

Mürüvvet NAMLI, Haki PEŞMAN

Fırat University, Department of Mathematics and Science Education, 23119, Elazığ, Turkey

Abstract. This study aims at exploring whether 8th grade Turkish students’ multiple intelligences
(MI) account for conceptual understanding and misconceptions about simple electric circuits by
means of their responses to the Simple Electric Circuits Diagnostic Test (SECDT) and Multiple
Intelligences Inventory (MII). Data were collected from 63 eight grade students in Kovancılar, a
district of Elazığ province. Multiple regression analysis was conducted, and consequently, verbal,
mathematical,  and  spatial  intelligences  were  observed  to  account  for  the  conceptual
understanding about simple electric circuits.

1 Introduction

In 1983, Gardner reported the seven dimensions - MI theory. Later, in 1995, he added the
naturalist  intelligence  to  the  list  The  other  seven  intelligences  are  linguistic,  logical-
mathematical, spatial, bodily-kinesthetic, musical, interpersonal, and intrapersonal (as cited in
Klein, 1997).There is extensive research that physics instructions based on MI improves the
conceptual understanding in physics or physics achievement (Altınsoy, 2011). However, which
intelligence improves better has not been obvious. In this study, which type of intelligence may
contribute to the conceptual understanding in physics is investigated. In brief, purpose of this
study is to explore whether 8th grade Turkish students’ MI account for conceptual understanding
and misconceptions about simple electric circuits by means of their responses to the SECDT and
MII.

2 Method

Eight grade students in Kovancılar, a district of Elazığ province, comprises the accessible
population of this study. Two volunteer middle school teachers helped the researchers so that
data of the study were collected from 63 eighth grade students from the population. Therefore,
convenience sampling was used in this study (Fraenkel and Wallen, 1996).

Using  multiple  regression,  it  was  explored  to  detect  which  intelligences  explain  the
conceptual understanding. Therefore, this study is causal comparative study.

In  this  study,  the  SECDT,  developed  by  Peşman  (2005),  was  used  for  measuring  the
conceptual understanding and misconceptions about simple electric circuits. It is a 12 item-three
tier  diagnostic  instrument.  To  assess  MI,  the  MII  developed  by  Harms  (The  MII
2000:http://snow.utoronto.ca/learning2/mod3/miinventory.html) and adapted to Turkish by Oral
(2001) was used.

3 Conclusion

Two separate  standard  multiple  regression  were  conducted  to  assess  the  ability  of  MI
(linguistic,  logical-mathematical,  spatial,  bodily-kinesthetic,  musical,  interpersonal,  and
intrapersonal) to predict conceptual understanding (AchvTOTAL) and misconceptions about
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kind of relation exists between misconceptions and the structure of knowledge. We relied on 
the assumption that if a student has got all essential information and he/she knows all 
important relations of factual knowledge, the emergence of misconceptions is mostly 
excluded.
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simple  electric  circuits  (MiscTOTAL).  The  related  assumptions  (normality,  linearity,
multicollinearity,  homoscedasticity)  were  checked  before  the  analysis  and  any  serious
violation could not be detected for a robust analysis. An important limitation of the study is
about the sample size. According to Tabachnick and Fidell (2013), the sample size for this
study need to be more than 114. However, the sample size of this study is 63.
As a result,  the eight intelligences predicted 18 percent of MiscTOTAL (F(8, 53) =1.491,
p>0.05)  and  29  percent  of  AchvTOTAL  (F(8,  53)=2.739,  p<0.05).  In  the  model,  the
intelligences  significantly  predicting  the  conceptual  understanding  are  verbal  intelligence
(beta = -.43; p < .05) and logical-mathematical intelligence (beta = .47; p < .05). In addition,
if  the  sample  size  were  larger,  spatial  intelligence  would  likely  predict  the  conceptual
understanding significantly (beta = .44; p = .054).

Physics and mathematics classes based on instructions benefitting from MI theory have a
positive effect on students' academic achievement (Öztürk, 2014; Dillihunt and Tyler, 2006).
This  research  reveals  that  verbal  and  logical-mathematical  intelligences,  and  maybe  spatial
intelligence,  significantly predict the conceptual understanding about simple electric circuits.
Accordingly, activities for three intelligences (verbal, logical/mathematical, and spatial) rather
than eight intelligences may be utilized in physics classes based on MI theory. For example,
Gürçay (2003) conducted an experimental research investigating the effect of physics instruction
based on MI theory with four MI activities. This study suggest that researchers may compare the
effects of physics instructions based on MI theory with three and eight intelligences.

References

[1] Altınsoy A.B.  (2011).  Fen ve Teknoloji  Dersinde Çoklu Zekâ Kuramına Dayalı  Ögretimin Ögrencilerin
Basarılarına Etkisi. Selçuk Üniversitesi, Eğitim Bilimleri Enstitüsü, Konya.

[2] Dillihunt, M. L., & Tyler, K. M. (2006). Examining the Effects of Multiple Intelligence Instruction on Math
Performance. Journal of Urban Learning, Teaching, and Research, 2, 131-150.

[3] Fraenkel, J. R., & Wallen, N. E. (1996). How to design and evaluate research in education. New York:
McGraw-Hill, Inc.

[4] Gardner, H. (1983). Frames of Mind: The theory of multiple intelligences. New York: Basic Books.
[5] Gardner,  H.  (1995,  November).  Reflections  on  multiple  intelligences:  Myths  and  messages.  Phi  Delta

Kappan, 77, 200-203, 206-209.
[6] Gürçay, D. (2003). The Effect of Multiple Intelligences Based Instruction on Students Physics Achievement

(Doctoral dissertation, METU).
[7] Klein,  P.  D.  (1997).  Multiplying the  problems of  intelligence  by eight:  A critique of  Gardner's  theory.

Canadian Journal of Education/Revue canadienne de l'education, 377-394.
[8] Oral, B. (2001). Branşlarına göre üniversite öğrencilerinin zekâ alanlarının incelenmesi. Eğitim ve Bilim, 26

(122).
[9] Öztürk, H. (2014). Çoklu zeka kuramına dayalı öğretimin öğrencilerin fizik başarısına ve fizik dersine ilişkin

tutumlarına etkisinin incelenmesi.  Yüksek Lisans tezi,  Hacettepe Üniversitesi,  Eğitim bilimleri  enstitüsü,
Ankara.

[10] Peşman, H. (2005). Development of a three-tier test to assess ninth grade students’ misconceptions about
simple electric circuits. Unpublished master’s thesis, Middle East Technical University, Ankara, Turkey.

[11] Tabachnick, B. G. and Fidell, L. S. (2013). Using multivariate statistic.(6th edn). Boston: Pearson Education.



259

  

Beyond the FCI – evaluating learning for high-achieving 
university students

Inkeri KONTRO

Department of Physics, University of Helsinki, P.O.B. 64, FI-00014 Helsinki, Finland

Ian BEARDEN
Niels Bohr Institute, University of Copenhagen, Blegdamsvej 17, 2100 København Ø, Denmark

Abstract. The Force Concept Inventory (FCI) is the most used conceptual inventory for evaluating 
learning of kinematics and dynamics. However, university students in the Nordic countries tend to 
saturate the test already when entering the university. Student interviews show that the FCI 
questions can commonly lead to false negatives, as the students familiarized with Newtonian 
mechanics consider factors outside the scope of the FCI. Based on FCI results and interviews, we 
propose an instrument that builds on the FCI for comparability of results, but extends topics and 
the level of difficulty to one suitable for Nordic physics majors.

1 Introduction 

University physics lecturers of large introductory courses often use diagnostic assessments 
developed in the US to measure conceptual learning. These diagnostic assessments are 
commonly used both to evaluate learning for internal purposes and for research. For example, 
the conceptual learning in mechanics can be assessed with the Force Concept Inventory FCI 
[1] or Force and Motion Conceptual Evaluation [2]. Of these, the FCI is more commonly 
used, despite criticism of bias in some questions [3, 4]. 

In the US, introductory physics courses attendees are mainly non-physics and even non-
science majors. The education system in other countries are different: in the Nordic countries, 
physics departments commonly have courses whose primary audience are physics majors and 
secondarily other science majors. These students have generally studied most of the topics 
covered by the FCI in high school. While the FCI has been translated and validated for 
Finnish students, the research has been conducted on high-school students [5].  

For university physics courses in the Nordic countries, the FCI appears problematic. 
The students tend to saturate the assessment already when entering the university. The FCI 
also does not cover many topics commonly taught in introductory mechanics, such as 
conservation of momentum and energy and center of mass. We still find conceptual 
assessments useful in evaluating learning and in research. Our aim is to characterize the 
performance and fairness of the FCI for students in the Nordic countries, identify fair and 
useful questions in the FCI and from other sources, and making a new instrument, the Nordic 
FCI (NFCI) that would retain comparability with the FCI.  

2 Performance of the FCI

The FCI saturates on introductory mechanics courses aimed at science majors at the 
University of Helsinki, Finland (UH) and the Niels Bohr Insitute, Denmark (NBI). The 
average pre-test score of physics students on an introductory mechanics course at UH was 
22.9 (76.4%), with 27% of students achieving >90% (N = 195). For NBI, the corresponding 
numbers are 19.7 (65.7%) and 15% (N = 779).  

We evaluated the difficulty of FCI questions by calculating the classical test theory 
discrimination and gender-related differential item functioning by Mantel-Haenszel statistics. 
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Gürçay (2003) conducted an experimental research investigating the effect of physics instruction
based on MI theory with four MI activities. This study suggest that researchers may compare the
effects of physics instructions based on MI theory with three and eight intelligences.
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We identified 16 questions to keep and supplemented them with questions from other 
assessments [6, 7] and new questions. The alpha version of the NFCI contained 31 questions, 
of which 27 were multiple choice and the rest open-ended. We collected responses from UH 
(N = 151) and NBI (N = 27) and conducted student interviews on selected questions at both 
institutions. 

3 Results and discussion

The preliminary results show that the NFCI does not saturate at either institution when 
administered in the middle of the first semester. The gender differences of the NFCI are smaller 
than those of the FCI, but not negligible. In particular, the new force-related questions did not 
saturate, indicating that while the high-achieving science majors are able to recite Newtonian 
concepts correctly, they may still struggle to apply them. 
 Student interviews also revealed some unexpected false negatives. While some students 
exhibited the novice conceptions the FCI distractors are designed to reveal, also high-
achieving students interpret the situations in ways that lead to incorrect answers in spite of a 
correct Newtonian reasoning. For example, the distractors in many FCI questions feature the 
impetus reasoning, where forces have a set amount of impetus and can only accelerate the 
object until that has been used up. This reasoning violates Newton’s second law. However, 
students who factor in air resistance also choose the impetus distractor. Students commonly 
struggled in deciding whether to factor in air resistance, and many erred on what they felt 
were the side of caution and included it. 

4 Conclusions

Students who saturate the FCI still make mistakes in more difficult conceptual and problem-
solving questions. Students with more initial physics knowledge are also prone to false negatives 
in some FCI questions, as they tend to consider factors not present in the question. Hence, there 
is a need for a new instrument that achieves comparability with the FCI but covers the more 
advanced topics in introductory mechanics. We have developed a first iteration of an instrument 
that extends the topics and difficulty level of the FCI for use on physics courses where students 
have studied physics extensively in high school.

The alpha-version of the NFCI showed less gender bias than the FCI. We will proceed to 
refining the questions, developing multiple-choice answers for the open-ended questions in the 
alpha-version, and further testing. 
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Abstract. In this paper we put forward an ongoing research of the difficulties that upper 
secondary school students’ have with the concepts related with the rotation of a rigid body. We 
will present how we have developed the questionnaire and how the analysis of the questions is 
been performed. The final results will be ready for the conference.  

1 Introduction  

It is well known that secondary school students’ have difficulties in understanding some 
concepts related to the circular motion of the particles. The gap in the comprehension of the 
concepts grows up when the particle is substituted by a rigid body. The difficulties related to the 
rigid body are not studied in deep but some research carried out showed that rotational motion 
and torque are difficult concepts for introductory physics students [1]. They do not interpret the 
torque and the angular momentum through angular magnitudes, torque is replaced by the concept 
of force, etc. [2]. The research showed the importance of the difficulties [3] and it is also known 
that sometimes these ideas persist after instruction and the detection of them is essential for a 
meaningful future learning of the students [4].

To reach the objective of the analysis of the upper secondary school students’ difficulties in 
the rotation of a rigid body, we have developed a research to analyze the ideas of the upper 
secondary school students’ about the rotation of the rigid body, paying attention to a) how they 
understand the concept of the moment of inertia, b) how they understand the torque in relation of 
linear and angular magnitudes and c) how they understand the angular momentum in relation of 
linear and angular magnitudes.  

This is an ongoing research and the data analysis is being developed. So, we are presenting 
the design of the questionnaire and how we are carrying out the analysis. The results will be 
ready for the conference. 

2 The study 

In order to answer those research questions, we have designed an open-ended questionnaire 
for last year upper secondary school students (17-18 years old). The main aim of the 
questionnaire is to focus on the explanations more than in the correctness of the answers.  

            Key Concepts 
Question 

Moment of Inertia Torque (linear and 
angular magnitudes)

Angular momentum (linear 
and angular magnitudes)

Q1 X
Q2 X
Q3 X
Q4 X
Q5 X X
Q6 X
Q7 X
Q8 X X

Table 1 Relation of the Key Concepts and questions 
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Situation Before the rain After the rain 

   
Figure 1 Question 8: Two flower pots before and after the rain 

To design the questionnaire, we developed an epistemological analysis to arise the key 
concepts that students of the upper secondary school have to know to understand in a proper way 
the rotation of rigid body. 8 open ended questions have been designed so as to analyze the 
students’ understanding of these key concepts (see table 1). 

3 Results 

As it is said before, this is an ongoing project and the analysis of data is not finished yet. We 
are presenting question 8 as an example: 

Amelia has two flower pots in her garden. Suddenly, the pots start spinning with an angular velocity of 2ω due to 
a huge gust of wind. After the gust of wind, the pots continue in a constant angular velocity before the terrible rain. 
As a result of the rain, pots have accumulated water, increasing the weight of each pot and the angular velocity has 
decreased to a value of ω. Amelia has analyzed the entire  process and she cannot understand the slowdown of this 
speed, nobody has touched the pots and there is no wind. Why has the speed changed? Justify your answer. 

The analysis of the questions is been performed using phenomenography [5] and is making 
independently by at least two researchers. Besides, several cycles of refinement will be 
considered so as to define the categories and to classify the students’ answers. In the conference 
the hieratical categorization and the frequency of students in each category will be shown. All 
these data will be accompanied with students’ quotes. The analysis of the preliminary data has 
given a Cohen’s kappa bigger that 0.8 which confirms the reliability of the analysis.  

4 Conclusions 

The first analysis has showed that the students do not take into account all the variables of the 
torque (force, distance and angle). On the other hand the students do not identify the moment of 
inertia for the rotation as the inertial mass for translation. Anyway, taking into account that the 
data analysis is not finished yet, the final conclusions will be presented in the conference. 
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Abstract. To promote students' interest toward science courses, it can be benefitted from context-
based instruction. Teaching science content in a related context may help students make more 
connections between science concepts and daily-life experiences. In this study, it is aimed to 
evaluate nine context-based physics problems which were developed for an experimental 
research by the researchers by using the criteria developed by Elmas & Eryılmaz (2015). The 
evaluation was done using content analysis. Unit of analysis was each context-based physics 
problem. Consequently, context-based physics problems were found to meet criteria at a ratio of 
82% in average.   

1 Introduction 

Students who express higher interest and motivation toward science courses may be more 
successful in those courses (Acar & Yaman, 2011). According to the literature, students’ interest 
toward science courses decreases as their ages increase (Black & Atkin, 1996). To promote 
students' interest toward science courses, it can be benefitted from context-based instruction. 
Teaching science content in a related context may help students make more connections between 
science concepts and daily-life experiences (Sözbilir, Sadi, Kutu & Yıldırım, 2007). Use of 
context-based problems may also be beneficial as the context-based instruction. To prepare a 
good context-based physics problem, three main criteria are suggested by Elmas and Eryılmaz 
(2015). The three criteria were reported as the following: 

1. Question should contain an issue (problem) of individual or public concern. (6 
subcriteria)

2. While generating the question, science concepts, facts, formulas and laws are
required to be interwoven with the context to form a holistic pattern. (3 sub-criteria)

3. Answer of the question should be found as a result of a thinking process not mere
memorization. (2 sub-criteria)

In this study, it is aimed to evaluate nine context-based physics problems which were 
developed for an experimental research by the researchers by using the criteria.

2 Methodology  

In this study, aforementioned nine context-based physics problems are evaluated using the 
criteria developed by Elmas and Eryılmaz (2015). Therefore, this study is a content analysis 
research and the unit of analysis is each physics problem developed for an experimental research 
by the authors (Fraenkel & Wallen, 1996, pp. 406-439). Examples of context-based physics 
problems are given Figure 1. 

Figure 1. Examples of context-based physics problems 
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3 Conclusion 

According to the criteria were prepared the rubric and the context-based problems were 
evaluated in terms of the rubric (see Table 1). 

Table 1. Rubric is used for evaluate the context-based physics problems 
Main Criteria Sub-Criteria Context-Based Physics Problems Tot. % I II III IV V VI VII VIII IX 
1- Question should 
contain an issue 
(problem) of 
individual or public 
concern 

1.1. The context should draw the attention 
of the students. 

1 1 1 1 1 1 1 1 1 9 100 

1.2. The question should be generated as 
much as possible unbiased. 

1 1 1 1 1 1 1 1 1 9 100 

1.3. The problem should not consist of 
contexts that may affect students 
emotionally 

1 1 1 1 1 1 1 1 1 9 100 

1.4. The context in the question should be 
appropriate of the student's learning level 

1 1 1 1 1 1 1 1 1 9 100 

1.5. The context should be presented in a 
way to reveal the problem. 

1 1 1 1 1 1 1 1 1 9 100 

1.6. The context-based problem should 
give a motivation or reason for  that the 
students answer the question 

0 1 0 1 0 1 1 1 0 5 55.5 

2-While generating 
the question, science 
concepts, facts, 
formulas and laws 
are 
required to be 
interwoven with the 
context to form a 
holistic pattern 

2.1. Context-based problems should be 
clear relationship with daily life and data 
of the problem should realistic 

1 1 1 1 1 1 1 1 1 9 100 

2.2. In generally, in the context based 
problems, it could be used short stories to 
show relationship between science and 
context. 

1 1 1 1 0 1 1 1 1 8 88.8 

2.3. Pictures, graphs, and figures should be 
used to strengthen relationship between 
science and context.* 

0 0 0 0 0 0 0 0 0 0 0 

3- Answer of the 
question should be 
found as a result of a 
thinking process not 
mere memorization 

3.1. The question does not resolve with 
placing numbers in a single step on 
formula or with information based on 
memorization 

0 1 0 1 0 1 1 1 0 5 55.5 

3.2. The question prepared using contexts 
should not be very difficult or easy 

1 1 1 1 1 1 1 1 1 9 100 

Total 8 10 8 10 7 10 10 10 8 81  % 73 91 73 91 64 91 91 91 73 82 

One of the major steps of problem solving strategy is “visualizing the problem (Heller, Keith, 
& Anderson, 1992).” Therefore, pictures, graphs, or figures were not used deliberately in the 
physics problems in order to develop students’ ability to visualize the problem. Consequently, 
it was observed that the problems were appropriate to criteria at a ratio of 82 percent in 
average. 
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Abstract. Experimental work is very useful to motivate students to science, leverage learning 
and also to develop procedure skills. Experiments improve their attitudes and interest towards 
science, but students must be prepared before going to the lab in order to successfully 
accomplish the experiments. The project VLAB-FIS is based on introductory videos that give 
an holistic view of the experimental works, enabling students to understand the experiments 
and corresponding conceptual goals. The approach is complemented by video recordings of the 
experiment and computational simulations, for an inclusive participation of all students.

1   Introduction 
Nowadays, it is generally accepted that the use of multimedia and digital educational 

resources in classroom favours the engagement of students in an active learning environment 
[1-2] besides serving as an instrument of citizenship, social relations and work. The laboratory is a 
particular space in schools where learning can be more effective, because students have the 
opportunity not only to be involved with scientific contents, but also many other procedures 
that develop skills. Among those we have: manipulate scientific equipment, draw and build 
experimental setups, implement techniques, acquire and analyse data, plot graphs, evaluate 
limitations and uncertainties, test predictions about concepts and laws, confirm theories, and 
put their creativity on problem solving activities [3-5]. 

However, experimental work needs preparation before going into the lab. To encourage 
this, teachers often provide their students with pre-lab questions and experimental guides, 
hoping they will read them before attending the experimental class. Such homework, 
consisting usually on reading texts and watching schemes of stuff they really do not know or 
understand, takes a lot of time in the student’s perspective, and this is why most of them 
arrive to the lab class without being prepared adequately. Consequently, the advantage 
students could benefit from experimental work is impoverished and so, teachers feel 
compelled to give their students closed “cookbook” protocols to minimize the negative impact 
of their unprepared condition. 

Although students may feel more pleased, and their attitudes and interest towards physics 
may improve with the experimental work as suggested by several studies, that is not 
converted by itself into a substantial gain of knowledge as noticed by Hofstein and Lunetta 
[3]. A possible answer to this problem can rely on promoting the student’s homework to 
laboratory experiences, by taking only a short slice of their “free” time but without losing the 
important information they should remember. This idea is the bases of project VLAB-FIS. 

2   Project VLAB-FIS
VLAB-FIS is an acronym of the Portuguese expression Virtual Lab – Physics. It is a 

project based on virtual resources for the experimental work. For each experiment, it all starts 
with an introductory video of the experiment, recorded specifically to give a concrete 
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3 Conclusion 

According to the criteria were prepared the rubric and the context-based problems were 
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0 0 0 0 0 0 0 0 0 0 0 

3- Answer of the 
question should be 
found as a result of a 
thinking process not 
mere memorization 

3.1. The question does not resolve with 
placing numbers in a single step on 
formula or with information based on 
memorization 

0 1 0 1 0 1 1 1 0 5 55.5 

3.2. The question prepared using contexts 
should not be very difficult or easy 

1 1 1 1 1 1 1 1 1 9 100 

Total 8 10 8 10 7 10 10 10 8 81  % 73 91 73 91 64 91 91 91 73 82 

One of the major steps of problem solving strategy is “visualizing the problem (Heller, Keith, 
& Anderson, 1992).” Therefore, pictures, graphs, or figures were not used deliberately in the 
physics problems in order to develop students’ ability to visualize the problem. Consequently, 
it was observed that the problems were appropriate to criteria at a ratio of 82 percent in 
average. 
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perspective of the content to be taught. In this video, students are instructed about what to 
investigate, how to proceed experimentally, details to take into account, what to conclude and 
how the experiment (methodological domain) is related with theory (conceptual domain). It is 
not a video of the experiment, it is an holistic view of the experiment that guides the students.  

The video is typically between 2 to 4 minutes long and prepares the students for a 
responsible role in the lab. It consists of five sections: Introduction (central question; 
experimental equipment); Experimental (most relevant procedures; instruments and setup; 
measurements and data treatment); Details (features for a proper use of equipment; technical 
information and specific advices); Conclusion (highlights of the experiment; what is intended 
to learn; answer to the central question); and Theoretical-Experimental framework 
(combination of the conceptual domain with the methodological domain through a knowledge 
“V” of Gowin [6]).

This project is intrinsically inclusive, because it enables students with physical disabilities 
to participate in the discussions about the introductory video and experimental goals; for these 
students, a complementary video recording (VR) of parts of the experiment (from which they 
can acquire experimental data from video analysis) and/or a Pedagogical Computational 
Simulation (PCS) are developed, to allow them work at the same time their mates make the 
real experiment. Both VR and PCS are virtual resources that can also be explored by all the 
students as curricular materials. The project is now under implementation in two Portuguese 
secondary schools involving about 60 students of K-11 level, and next year will be tested in a 
special school for students with physical disabilities. 

3 Conclusion 
The possibility that the teacher can work computational resources with students can end up 

having a positive impact on learning. Since this generation is very familiar with the use of 
digital media and technology, this is a factor that can help to whet curiosity and the will to 
learn. Therefore, the use of virtual resources based on video and PCS, can have an important 
role to support students to experimental classes.  The project VLAB-FIS gives the students an 
holistic view of the experimental work and helps them to understand better the contents of the 
experiment. Il also enables students with physical disabilities to feel engaged with the lab 
classes and be part of workgroups, and not only integrated in a class. The project is running in 
Portuguese secondary schools [7], and work is in progress to implement this novel approach 
in basic schools.
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Abstract. Eye tracking provides more detailed information on the underlying cognitive processes 
during problem solving than conventional assessment methods which provide only students’ test 
score. We will introduce eye tracking method and present some examples of eye-tracking studies 
on physics problem solving. 

1 Introduction  

Teaching and learning physics problem solving is an important physics education research 
(PER) area. Many different approaches have been used for studying problem solving and 
recently eye tracking have also been used to explore the role of visual attention during problem 
solving [1-2]. Our aim is to introduce basic concepts related to eye tracking and give some 
examples of possible uses of eye tracking in studying physics problem solving. 

2 Eye tracking method 

Measurement of eye movements relative to the head and the visual stimulus provides a fast 
and reliable measure of visual attention. Eye trackers measure spatial and temporal features of 
eye movements and provide information on eye fixations and saccades. Eye fixation refers to the 
state when the eye remains still over a period of time whereas a saccade is the rapid motion of 
the eye from one fixation to another. The resulting sequence of fixations and saccades is called a 
scan path (Fig. 1). Group data can be shown using heat maps (Fig. 2) but for more detailed 
statistical analysis areas of interest (AOIs) should be defined and evaluated. 

In addition to information on spatial and temporal characteristics of visual attention, 
different eye-tracking measures may provide information on cognitive load. Specifically, the 
fixation duration is rather constant, and not always sensitive to the manipulation in the task 
[2] whereas dwell time and the number of fixations show more variability across problems 
and participants and seem to be appropriate measures of the cognitive load. Since dwell time 
and fixation number are dependent measures, and they show a similar pattern of responses, in 
most cases it is sufficient to report only one of them.  

Some illustrative examples of eye-tracking studies on physics problem solving will be 
presented. Eye-tracking can be used for exploring problem difficulty, student expertise, and 
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perspective of the content to be taught. In this video, students are instructed about what to 
investigate, how to proceed experimentally, details to take into account, what to conclude and 
how the experiment (methodological domain) is related with theory (conceptual domain). It is 
not a video of the experiment, it is an holistic view of the experiment that guides the students.  

The video is typically between 2 to 4 minutes long and prepares the students for a 
responsible role in the lab. It consists of five sections: Introduction (central question; 
experimental equipment); Experimental (most relevant procedures; instruments and setup; 
measurements and data treatment); Details (features for a proper use of equipment; technical 
information and specific advices); Conclusion (highlights of the experiment; what is intended 
to learn; answer to the central question); and Theoretical-Experimental framework 
(combination of the conceptual domain with the methodological domain through a knowledge 
“V” of Gowin [6]).

This project is intrinsically inclusive, because it enables students with physical disabilities 
to participate in the discussions about the introductory video and experimental goals; for these 
students, a complementary video recording (VR) of parts of the experiment (from which they 
can acquire experimental data from video analysis) and/or a Pedagogical Computational 
Simulation (PCS) are developed, to allow them work at the same time their mates make the 
real experiment. Both VR and PCS are virtual resources that can also be explored by all the 
students as curricular materials. The project is now under implementation in two Portuguese 
secondary schools involving about 60 students of K-11 level, and next year will be tested in a 
special school for students with physical disabilities. 

3 Conclusion 
The possibility that the teacher can work computational resources with students can end up 

having a positive impact on learning. Since this generation is very familiar with the use of 
digital media and technology, this is a factor that can help to whet curiosity and the will to 
learn. Therefore, the use of virtual resources based on video and PCS, can have an important 
role to support students to experimental classes.  The project VLAB-FIS gives the students an 
holistic view of the experimental work and helps them to understand better the contents of the 
experiment. Il also enables students with physical disabilities to feel engaged with the lab 
classes and be part of workgroups, and not only integrated in a class. The project is running in 
Portuguese secondary schools [7], and work is in progress to implement this novel approach 
in basic schools.
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metacognitive processes. For example, eye tracking has been used to investigate the role of 
supportive diagrams in problem solving and the way how graphical representations of data 
improve student understanding of measurement and uncertainty [1-2]. 

Fig. 1 Example of a scan path. Centers of circles represent positions of fixations and lines represent saccades. Radius 
of the circle illustrates the duration of the fixation. 

Fig. 2 Heat maps show how long students looked at different parts of the problem. Red indicates the area of the 
highest fixation time. 

3 Conclusion 

The measurement of eye movements provides insights into otherwise unavailable cognitive 
processes, thus indicating novel possibilities of its use in studying physics problem solving.
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The perception of our surroundings is determined by vision to a large extent. Human vision is not 
only able to generate a three-dimensional impression of three-dimensional objects, but also of 
two-dimensional objects. Nowadays, 3D-technologies even provide additional opportunities to 
generate visual 3D-perception. So, we used a context-oriented approach to teach subtopics of 
optics for year 11 students in an out-of-school learning environment. Research on the 
implementation showed a number of students’ misconceptions on 3D-vision that exceed already 
known conceptions. Results of a currently conducted study, comprising open questionnaires and 
interviews to further investigate students’ conceptions on 3D-vision, will be presented.

1 Introduction  

Last year we implemented an out-of-school learning environment on 3D-vision for year 11 
students, which uses the context of 3D-vision for the instruction of optics. As reported in 
Krumphals et al. [1], the evaluation of the learning environment with students (n = 32) showed a 
general high interest and medium learning gains. However, the pre-test (consisting of open 
questions about 3D-vision, virtual and real images and holograms) revealed a number of 
students’ conceptions that exceed already documented conceptions in research literature. Among 
others, the ideas of image formation at mirrors and lenses (see also [2, 3]) and especially 
conceptions about real and virtual images differed from adequate concepts. Additionally, we 
detected conceptual gaps in students’ knowledge base when explaining the formation of
holograms as well as for 3D-vision. 

The design of our learning environments is generally based on a constructivist perspective on 
teaching and learning. More specific, we follow the model of educational reconstruction [4]  
where the clarification of the science subject matter needs to be related to students’ perspectives 
in order to identify and design appropriate learning paths.  

A first evaluation of the learning environment mainly focused on the intrinsic motivation and 
the development of conceptual understanding [1]. The analysis of the evaluation data provided 
hints towards students’ conceptions and conceptual gaps. If we apply the model of educational 
reconstruction consistently to the findings of our evaluation, we have to go back and dig deeper 
into students’ conceptual knowledge base and conceptions on relevant key-ideas of our learning 
environment. Therefore, a further study was conducted. Within our presentation, we will report 
our findings on students’ conceptions related to the topic of 3D-vision.

2 Research Design & Methods 

Initial point of the presented study are the findings of the evaluation of a 3 hour out-of-school 
learning environment about 3D-vision [1]. The learning arrangement focuses on the following 
key topics of optics: (1) the basic concept of binocular disparity, namely the generation of two 
different images on the two retina (2) basics about image formation (3) human visual perception 
and related processes to understand 3D-vision (4) procedures of light separation (e.g. anaglyph 
method, polarization method). Therefore, our investigation of students’ conceptions is led by key 
ideas of these topics. 
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metacognitive processes. For example, eye tracking has been used to investigate the role of 
supportive diagrams in problem solving and the way how graphical representations of data 
improve student understanding of measurement and uncertainty [1-2]. 

Fig. 1 Example of a scan path. Centers of circles represent positions of fixations and lines represent saccades. Radius 
of the circle illustrates the duration of the fixation. 

Fig. 2 Heat maps show how long students looked at different parts of the problem. Red indicates the area of the 
highest fixation time. 

3 Conclusion 

The measurement of eye movements provides insights into otherwise unavailable cognitive 
processes, thus indicating novel possibilities of its use in studying physics problem solving.
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The main aim of the study reported here is to identify students’ conceptions related to 3D-
vision. For this purpose, we used a design that consisted of two phases: The first phase was an 
explorative investigation using a survey with open questions. We were interested in students’ 
answers to the following questions: (1) What do you associate with the term 3D-vision? (2) What 
is 3D-vision? Explain! 

These questions were administered to students (year 7-10) who either already had formal 
instruction in optics or not, in order to get a broad overview of their ideas. The students’ answers 
are analysed following qualitative content analysis [5] . The categorisation of these findings 
servers as basis for the second phase of the presented study. In this phase an interview-study with 
year 9 and year10 students is conducted to deeper investigate students’ conceptions.

3 Preliminary findings & Conclusion 

Findings of the evaluation of the learning environment revealed students’ severe problems
with basic concepts in optics, which is assumed to influence learning processes concerning 3D-
vision. For instance, students have problems to differentiate between real and virtual images. For 
example, students argued that virtual images are only generated by the human brain (assuming 
that no other device is able to construct virtual images). Such inconsistencies concerning image 
formation as well as the everyday connotation of virtual image as immaterial or not materialized 
may be the reason why students tend to identify holograms as virtual images in general. 

As far as holograms are concerned, the majority of students was not able to formulate 
appropriate definitions of holograms prior and after the intervention. Concerning human visual 
perception and 3D-perception, incomplete explanations missing essential parts were found.
Additionally, learning difficulties concerning subtractive colour mixing and the concept of 
polarization were observed. 

Based on these findings, the presented study investigating students’ conceptions on 3D-vision 
and related topics in optics will reveal deeper insight into the students’ conceptual knowledge 
base. These findings are of high relevance for the redesign of the 3D-vision learning 
environment.  

To sum up, our presentation will focus on presenting our research on students’ conceptions 
about 3D-vision and associated science concepts.
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Abstract. The magnetic interaction of an elastic collision between two gliders with magnets glue 
to their extremes on an air track is analyzed. The force of interaction between gliders as 
dependent on the separation between magnets is measured with the same gliders on the inclined 
air track. With this force known, the equations of motion of gliders are got from the second and 
third laws of Newton and they are solved numerically. Finally, the interaction between gliders 
during the collision is modeled from the numerical solution. In this work, we present the results 
that students reached in this study. 

1 Introduction 

Three stages can be distinguished in a collision of two objects with negligible net external 
force: “before”, “during” and “after” the collision. In the stages “before” and “after” the objects 
are not properly interacting, but “during the collision” the interaction has a limited duration, big 
internal forces act over the two objects. In general, the total linear momenta before and after the 
collision are the same, and if the collision is an elastic one, the total kinetic energy before and 
after the collision is also the same [1], but not during the collision. In collision experiments, the 
interaction forces are very intense during a very short time and they are very difficult to be 
measured. 

During a magnetic collision, there are forces of action-reaction pairs between the two equal 
magnetic dipoles acting during a very short time. The forces between the magnetic dipoles are 
non-contact forces that depend on the separation between magnets. These forces can be 
measured of different ways but with the inclined air track and the two gliders with their glued 
magnets repelling each other at the low end of the air track, it is a simple way to do it. 

In this case, the magnetic force against the upper glider is balanced with the component of its 
weight along the air track and if the inclination of the air track changes, the separation 𝑟𝑟 between 
magnetic dipoles changes and the force changes. The experimental measurements give us a force 
𝐹𝐹 between magnets that vary as 1/𝑟𝑟4 [2]. 

Undergraduate students made an experiment of elastic collision between two gliders on a
horizontal air track with magnets glue in their extremes. They measured the dependence of the 
force between magnets with its separation and modeled the interaction forces by solving 
numerically the equations of motion of the gliders during the collision. With the model done, 
they analyze physics variables during the collision as the interaction time. 

2 Equations of motions 

The equations of motions of the two gliders with magnets glue to their extremes during the 
collision can be obtained from the second and third laws of Newton. During the collision,
according to the third law of Newton, the force 𝐹𝐹2 against the glider 2 from glider 1 is of equal 
magnitude of the force 𝐹𝐹1 against the glider 1 from glider 2 and opposite to its direction, that is 
𝐹𝐹1 = −𝐹𝐹2 = 𝐹𝐹. 

If the masses of the gliders are 𝑚𝑚1 and 𝑚𝑚2 respectively, their equation of motion using the 
second law of Newton, are: 
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𝑚𝑚1�̈�𝑥1 = 𝐹𝐹 (1)
and

𝑚𝑚2�̈�𝑥2 = −𝐹𝐹 (2)

Because of 𝑟𝑟 = |𝑥𝑥2 − 𝑥𝑥1|, the equation (1) and (2) are coupled by the force 𝐹𝐹 and both 
equations must be solved simultaneously.

2.1 Numerical solution 

A numerical method of solution of the equations (1) and (2) is an easy way to get the 
solutions of the 𝑥𝑥’𝑠𝑠 as a function of time and the dependence of the force 𝐹𝐹 with time.  

3 Experiment

Without loss of generality, the collision between two gliders of the same mass 𝑚𝑚 with 
magnets glue in their extremes can be done with a moving glider and the other at rest.

If the collision is an elastic collision, the result after the collision is that the moving glider 
goes to rest and the resting glider begins to move, the total momentum and the total kinetic 
energy is conserved.

4 Interaction

The forces of the modeled interaction [3] between the gliders during the collision can be 
plotted versus time from the numerical solution as in Fig. 1.

Fig. 1 Forces of interaction during the collision

5 Conclusion

For understanding the collisions between gliders on an air track, university students also need
to understand the process during the collision. When this situation is solved with numerical 
modeling of a collision over the time of interaction, students get a better understanding of this 
phenomenon.
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Presentation type: single oral presentation. 
Topic: Strategies and methods to improve Physics learning and teaching. 

1 Background 

In the Italian secondary school system, the students are obliged to take a final exam at the end                  
of the 13th grade. The final exam is undergoing a change of the syllabus as well as the                  
modality [1]. The new exam is more focused on the disciplines that characterize the school               
curriculum. For schools with a scientifically oriented curriculum, the final test is shifted from              
a math-only test to a physics and math test. Therefore it is important to focus the learning                 
paths on core ideas that are fundamental for the new final evaluation. Modelization and the               
experimental competences should be enhanced and they should be introduced early on, in the              
students’ careers. 
We want to focus on the Physics of Waves as a core idea [2] and as a model of classical                    
physics (compared to the particle model). The approach is to describe a behavior that is               
common to two very different phenomena, in order to underline the common theoretical             
framework. Thus we want to address the resonance of physical systems both for sound waves               
and for electromagnetic waves (specifically in the visible spectrum). 

2 Implementation 

This learning activity is carried out in parallel with two different classes of the 12th grade.                
First, the students are introduced to the simple harmonic motion, in order to give the first                
example of oscillatory motion. Then wave dynamics is introduced from a more abstract point              
of view. As the underlying laws are the same for sound and light, the phenomenon of the                 
resonance is shown in both the physical systems. Starting from the sound, two tuning forks               
are used to demonstrate the resonance between the two. Their vibration is also stimulated with               
an audio speaker (fig. 1). Moving on to the light, the resonance between LEDs of different                
colors is shown. The LEDs are used both as light emitters and as light detectors. The detecting                 
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𝑚𝑚1�̈�𝑥1 = 𝐹𝐹 (1)
and

𝑚𝑚2�̈�𝑥2 = −𝐹𝐹 (2)

Because of 𝑟𝑟 = |𝑥𝑥2 − 𝑥𝑥1|, the equation (1) and (2) are coupled by the force 𝐹𝐹 and both 
equations must be solved simultaneously.

2.1 Numerical solution 

A numerical method of solution of the equations (1) and (2) is an easy way to get the 
solutions of the 𝑥𝑥’𝑠𝑠 as a function of time and the dependence of the force 𝐹𝐹 with time.  

3 Experiment

Without loss of generality, the collision between two gliders of the same mass 𝑚𝑚 with 
magnets glue in their extremes can be done with a moving glider and the other at rest.

If the collision is an elastic collision, the result after the collision is that the moving glider 
goes to rest and the resting glider begins to move, the total momentum and the total kinetic 
energy is conserved.

4 Interaction

The forces of the modeled interaction [3] between the gliders during the collision can be 
plotted versus time from the numerical solution as in Fig. 1.

Fig. 1 Forces of interaction during the collision

5 Conclusion

For understanding the collisions between gliders on an air track, university students also need
to understand the process during the collision. When this situation is solved with numerical 
modeling of a collision over the time of interaction, students get a better understanding of this 
phenomenon.
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LEDs produce a higher response when stimulated with an emitter with a matching color.              
Students are asked to describe the two models and to emphasize the underlying principles. 

3 Conclusions 

With this activity, we experiement on phenomena associated with theoretical concepts learned            
in class. This eases a deeper understanding of the concepts and it emphasizes the importance               
of having a model. At the same time, students’ experimental competencies are trained as well.               
We show that there is a common model for different phenomena, even if they are perceived as                 
very different systems. Moreover, carrying out the activity in two classes helps in             
understanding the strengths and the weaknesses of the activity. 
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Abstract The teaching of modern physics in school is a hard job. This is especially true for 
particle physics where the typical size scale is 10-18 m. The teacher is in a difficult situation 
wanting to visualize these particles invisible by eye, or to make experiments. In Budapest, at 
the Wigner Research Centre for Physics a research laboratory was established for high-school 
students, where under the supervision of teachers and with the help of the local scientists 
practice in particle physics research can be conducted. Measurements prove the positive 
change in the attitude and subject knowledge of the participating students.

Extended Abstract 

It is a known problem worldwide that less-and-less high-school students choose 
physics or the line of research. The traditional methods of teaching are not enough anymore, 
students need other pulses to get motivation. We started to develop ways of research-based 
teaching outside the school. In Budapest, at the Wigner Research Centre for Physics a 
research laboratory was established with the help by Prof. Péter Lévai, the Director General of 
WRCP and by Dr. Dezső Varga research team leader, where students can perform various jobs 
and become parts of the research activities of the physicists [1].

We have designed with the help of the research team an apparatus which can be used 
in high school, for demonstrative teaching of modern physics. It is based on the multiwire 
proportional chamber [2] by Charpak (Nobel Prize, 1992) which is widely used to obtain 
various information via detecting cosmic muons. The spatial distribution of muon flux one 
can map the inside inhomogeneities of buildings and other objects. 
The students love to make experiments in the classes and we teachers try to reach better 
understanding using demonstrative methods and models. For that aim we like to use the 
famous "hands-on minds-on" teaching method, but modern physics provides very limited 
ways to do this. Teaching elementary particle physics is especially hard as those processes are 
difficult to visualize. Our apparatus shows the tracks of invisible particles using LED lights.
(Fig.) The muons traversing the gas volume of the detector becomes visible and from the 
numbers of hits one can determine the fluxes. This is enough to make muon tomography 
studies in high school [3]. 
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Fig. Detector made by the students. The LED lights show the trajectory of a particle

During the construction and measurements, students get acquainted with various 
chapters and laws of physics. Our pedagogical measurements show that they obtain better
understanding than their classmates studying in classes only. Notable that girls like to partake 
in this practice and participants choose physics or engineering in further studies more often 
than generally in other classes.

There are similar   initiatives at various places of the country. Our long-range goal is to 
form a country-wise network.
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Belonging in Science and Physics at Secondary Level in Ireland 
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Abstract. Identity in physics has been recognized as a contributing factor to student participation 
in physics at upper secondary level. This study reports on a collaboration with science teachers to 
collect data on student self-perceptions in science and physics classes as part of their normal 
classroom practice. Teachers will use these findings to increase their awareness of their students 
understanding of, and identity in science subjects. Findings from 548 lower secondary level 
science students and 145 upper secondary physics students will be reported on in this study. 

1 Introduction 
 

In Ireland, the participation of Physics at upper secondary level remains stubbornly low,
particularly among girls. In 2018, the State Examinations Commission recorded 13% (7535) of 
the student cohort taking physics for the Leaving Certificate Examination and only 4% (2075) of 
the total student cohort were girls [1]. The situation is not unique in Ireland and several other 
science education researchers are exploring the barriers that inhibit students engaging with 
physics at upper secondary level.

2 Theoretical Basis 
 

Recent research has focused on understanding secondary school students’ perceptions of 
science, technology, engineering and mathematics (STEM). Attracted by the notion of identity, 
Hazari exemplifies a theoretical framework based on identity to examine student persistence in 
science [2] . Other studies examine gender gaps in some academic fields associated with 
mindsets about ability and gender-science biases [3]. Reiss reports that extrinsic material gain 
motivation in physics was the most important factor associated with intended participation 
after the age of 16 years [4]. Ito mirrors research carried out on this issue at third level in the 
secondary school setting, to investigate whether females feel a lower sense of belonging in 
physical sciences, technology, engineering and mathematics (pSTEM) than males [5]. This study 
originates from the work of Walton and Cohen, who suggest that a sense of belonging is a 
stronger predictor for females more than males to persist in STEM [6].

Ito’s study considers multiple forms of belonging and examines both a social and ability 
component and the effect it may have on intentions to persist in pSTEM. Looking at student self-
efficacy and beliefs about one’s ability to plan for future success, Ito has developed a quantitative 
instrument that measures the possible influence of a subjective sense of social belonging on
pursuing pSTEM among secondary school females [5]. This current study aims to examine the 
factors influencing Irish student’s uptake of science subjects at upper secondary level and their 
intentions to persist in the field at third level and to increase the student’s and their teachers’
awareness of these factors. 

3 Methodology 
 

Two questionnaires were used to investigate student self-perceptions in science at two levels 
of secondary school; i) lower second level science and ii) upper second level physics. Science 
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teachers from seven Irish secondary schools were recruited to investigate their students’ sense of 
belonging in the science/physics classrooms as part of a wider research study aimed at 
implementing a whole-school approach to addressing gender balance and is further described 
in recent publications [7] [8]. The two questionnaires were adapted from Ito’s questionnaire and 
aimed to measure social belonging, ability belonging, self-efficacy and intentions to persist in 
science subjects. Both questionnaires were used by the science teacher with their students as part 
of their normal classroom practice. This approach was adopted to increase teachers’ awareness of 
their own students learning and understanding in science and physics as well as highlighting 
student’s self-perceptions and influences on their participation in STEM. 

The first questionnaire was implemented with 548 third year science students (aged 15-16
years). These students study physics as part of an integrated science curriculum and therefore 
were surveyed on their self-perceptions of science in general. The second questionnaire 
examined 145 upper secondary level physics students’ (ages 16-18 years) self-perceptions of 
physics. This second cohort of students had already completed science at lower secondary and 
elected to study physics for two-year course at upper secondary level.  

4 Findings 
 

This study will present the results of a quantitative research analysis by applying multivariate 
statistical tests using SPSS. Measurement reliability and validity will be considered in 
interpreting the results of both surveys and determining students sense of belonging in science 
and physics.
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Abstract. Quantum mechanics seems to use complex numbers in a fundamentally different way 
when compared to classical physics. Selected episodes from early stages of the theory are 
presented to identify different approaches to the use of complex numbers. If for Heisenberg it 
seemed quite natural to use complex exponentials, Schrödinger clearly struggled with the 
complex nature of his wave function and tried to assign physical meaning only to its real 
component. Dirac was probably the first to stress that complex quantities in quantum mechanics 
cannot be split up into pure real and imaginary parts. Possible educational implications are 
outlined.

1 Introduction 
Complex numbers are broadly used in physics, normally as a calculation tool that makes 

things easier due to Euler’s formula. In the end, it is only the real component that has physical 
meaning or the two parts (real and imaginary) are treated separately as real quantities. However, 
the situation seems to be different in quantum mechanics, since the imaginary unit i appears 
explicitly in its fundamental equations. From a learning perspective, it can be quite challenging 
for newcomers if this issue is not discussed at an early stage. In this work, we select three 
episodes from the early stages of quantum theory and show how the protagonists had different 
approaches to the use of complex numbers. Some educational implications of this study are 
outlined in the conclusions.  

2 Heisenberg, Born & Jordan 1925 
In his seminal 1925 Umdeutung paper, arguably the first publication in quantum mechanics, 

Heisenberg is rather dubious regarding the role of complex variables in his theory. First, he 
claims that amplitudes should be treated as complex vectors, “each determined by six 
independent components, and they determine both polarization and the phase” ([1], p. 263]). 
Later in the paper, however, the amplitudes are no longer complex vectors, but scalar complex 
numbers of a Fourier expansion, which is rather “confusing” according to Van der Waerden ([1], 
p. 31). 

In the subsequent papers by Born and Jordan, as well as in the famous “three-man paper”, 
amplitudes remain being scalar complex numbers of a Fourier expansion and no particular 
attention is drawn to an eventual new use of complex numbers in quantum mechanics. This 
seems to corroborate Yang’s statement that “perhaps because matrix mechanics was so new and 
Fourier analysis so natural, the full implications of the entry of complex numbers was obscured 
by the great revolution that was taking place” ([2], p. 54-55). 

3 Schrödinger 1926-1928 
Schrödinger was, on the other hand, very much aware of a possibly new use that quantum 

mechanics made of complex numbers. Due to his epistemological conviction in the reality of 
the wave function, Schrödinger struggled with its complex nature and even denied it in the 
beginning. In fact, he expressed this resistance quite explicitly in a letter to Lorentz. In his 
words: “What is unpleasant here, and indeed directly to be objected to, is the use of complex 
numbers. 𝜓𝜓 is surely fundamentally a real function” [3]. In the same letter, Schrödinger tried 
to obtain the real component of the wave function, which he represented by 𝜓𝜓𝑟𝑟, independently 
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of its imaginary part (𝜓𝜓𝑖𝑖). He did manage to derive an equation for 𝜓𝜓𝑟𝑟, only valid in the 
conservative case of a time independent potential, which is of the forth order.

Around two years after the publication of his famous papers, he seems to have accepted the 
complex nature of the wave function. In a series of four lectures on wave mechanics given in 
1928 [4], intended as a pedagogical introduction to the theory, this resistance to a complex 
function and search for interpretation of the real component are no longer found. 
Nevertheless, he does raise the issue of the physical meaning of 𝜓𝜓 and refers to an interesting 
analogy with Maxwell’s equations when justifying why there are equations for 𝜓𝜓 , even 
though the physical interpretation is only given to |𝜓𝜓|2, which is a real number. It is worth 
noting that Schrödinger associated |𝜓𝜓|2 with charge density, and never accepted Born’s 
statistical interpretation.

4 Dirac’s Principles
A much clearer view of a new use of complex numbers in quantum theory appears in Dirac’s 

celebrated The Principles of Quantum Mechanics [5]. When explaining the nature of the bra and 
ket vectors, he states (p. 20): “Our bra and ket vectors are […] complex quantities of a special 
kind which cannot be split up into real and pure imaginary parts. The usual method of getting the 
real part of a complex quantity, by taking half the sum of the quantity itself and its conjugate, 
cannot be applied since a bra and a ket vector are of different natures and cannot be added 
together.”

Later in the book, Dirac provides a deeper reason for why in quantum mechanics one cannot 
have access to the real and imaginary components of the wave function separately, relating it 
with the measurement problem as follows (p. 35): “One might think one could measure a 
complex dynamical variable by measuring separately its real and pure imaginary parts. But this 
would involve two measurements or two observations, which would be all right in classical 
mechanics, but would not do in quantum mechanics, where two observations in general interfere 
with one another - it is not in general permissible to consider that two observations can be made 
exactly simultaneously, and if they are made in quick succession the first will usually disturb the 
state of the system and introduce an indeterminacy that will affect the second.”

5 Conclusions and educational implications 
Students of quantum mechanics at the introductory level often learn, from the get-go, that 

wave functions are complex valued and that the components of quantum state vectors are 
represented by complex numbers. Although this is rather different from what they have been 
studying up to this point, an attempt to justify this novelty is rarely found in teaching manuals.  

The episodes presented here show not only that some of the founders of quantum theory 
struggled with this issue for different reasons, but also that it took quite some time to reach a
“consensual”1 view on the complex nature of quantum mechanical quantities. This awareness 
may make physics teachers more sensitive to the matter. 
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Abstract. In Theorem 1 of his Principia, Newton showed that if one assumes a central force, 
Kepler’s area law follows. In this work, we report a study where two different ways of deriving 
this relation, one geometrical (à la Newton) and the other analytical (using vector calculus), were 
presented to pre-service physics teachers. The students were asked to formulate the essential 
arguments and to discuss issues that they did not understand. The main findings consist of 
students’ understanding of the arguments and their core difficulties, as well as a comparative 
analysis of their preference for more geometrical or analytical derivations.

1 Introduction 

Deriving Kepler’s laws of planetary motion from the assumption of an inverse-square central 
force is among Newton’s greatest scientific achievements. However, it is rather challenging to 
show this connection in physics instruction, mainly because of mathematical complexities. The 
common situation is that students understand the meaning of Kepler’s laws but have a hard time 
connecting them with the Newton’s law of universal gravitation [1].

In particular, it is possible to show that if one assumes a central force, then the area law will 
follow. In an insightful talk given by Feynman [2] on the relationship of mathematics to physics, 
he shows how this relation can be proven both with geometry and vector analysis. We were 
inspired by the richness of this variety and decided to investigate pre-service physics teachers’ 
understanding and struggles with each approach, as well as their preference. 

2 Methodology 

Two rather different ways of deriving the relation between central force and the area law were 
presented to 10 pre-service physics teachers at an Indonesian university. The first one uses 
geometrical arguments (à la Newton)1 and the other analytical ones (using vector calculus)2 (See 
Fig. 1). The students were then asked to formulate the essential arguments of each derivation 
and, in pairs, discuss important issues that they did not understand. The presentations and 
discussions were videotaped, which gave us access to their genuine reasoning. Pre and post 
conceptual tests about Kepler’s laws and their relation with Newton’s law of gravitation also 
revealed which kind of arguments the students spontaneously referred to after instruction. 

 1(a) Geometrical proof (triangles with equal areas)                1(b) Analytical proof (Second derivative is zero)
        

Fig. 1 Two ways of deriving the connection between central force and area law. 

                                                 
1 A very didactical explanation of Newton’s original derivation is given by Gary Rubinstein in his YouTube 
channel. The students were requested to watch this video (https://www.youtube.com/watch?v=m00Ep14uTPM). 
2 An adapted version of the proof presented in [3] (p. 151) was given to the students. 
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of its imaginary part (𝜓𝜓𝑖𝑖). He did manage to derive an equation for 𝜓𝜓𝑟𝑟, only valid in the 
conservative case of a time independent potential, which is of the forth order.

Around two years after the publication of his famous papers, he seems to have accepted the 
complex nature of the wave function. In a series of four lectures on wave mechanics given in 
1928 [4], intended as a pedagogical introduction to the theory, this resistance to a complex 
function and search for interpretation of the real component are no longer found. 
Nevertheless, he does raise the issue of the physical meaning of 𝜓𝜓 and refers to an interesting 
analogy with Maxwell’s equations when justifying why there are equations for 𝜓𝜓 , even 
though the physical interpretation is only given to |𝜓𝜓|2, which is a real number. It is worth 
noting that Schrödinger associated |𝜓𝜓|2 with charge density, and never accepted Born’s 
statistical interpretation.

4 Dirac’s Principles
A much clearer view of a new use of complex numbers in quantum theory appears in Dirac’s 

celebrated The Principles of Quantum Mechanics [5]. When explaining the nature of the bra and 
ket vectors, he states (p. 20): “Our bra and ket vectors are […] complex quantities of a special 
kind which cannot be split up into real and pure imaginary parts. The usual method of getting the 
real part of a complex quantity, by taking half the sum of the quantity itself and its conjugate, 
cannot be applied since a bra and a ket vector are of different natures and cannot be added 
together.”

Later in the book, Dirac provides a deeper reason for why in quantum mechanics one cannot 
have access to the real and imaginary components of the wave function separately, relating it 
with the measurement problem as follows (p. 35): “One might think one could measure a 
complex dynamical variable by measuring separately its real and pure imaginary parts. But this 
would involve two measurements or two observations, which would be all right in classical 
mechanics, but would not do in quantum mechanics, where two observations in general interfere 
with one another - it is not in general permissible to consider that two observations can be made 
exactly simultaneously, and if they are made in quick succession the first will usually disturb the 
state of the system and introduce an indeterminacy that will affect the second.”

5 Conclusions and educational implications 
Students of quantum mechanics at the introductory level often learn, from the get-go, that 

wave functions are complex valued and that the components of quantum state vectors are 
represented by complex numbers. Although this is rather different from what they have been 
studying up to this point, an attempt to justify this novelty is rarely found in teaching manuals.  

The episodes presented here show not only that some of the founders of quantum theory 
struggled with this issue for different reasons, but also that it took quite some time to reach a
“consensual”1 view on the complex nature of quantum mechanical quantities. This awareness 
may make physics teachers more sensitive to the matter. 
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3 Results 

The recordings of the students’ presentations and discussions gave us access to their own 
understanding of each derivation and the main issues they struggled with. A comparative 
analysis of their pre and post tests indicated which kind of explanations they prefer to use when 
justifying why the assumption of a central force leads to the area law. 

In the geometrical case, most of the students understood the overall construction and aim of 
the proof. However, some had a hard time visualizing the triangles with equal area in Newton’s 
diagram (Fig 1(a)). Moreover, the way that a central force is represented in the diagram was a 
common source of confusion (a couple of students draw the deviation from the inertial path in 
the wrong direction). Another misconception is that some students referred to the elliptical 
trajectory of the planet. They seem to believe that it is possible (with Theorem 1) to show that the 
orbit is an ellipse, which is not the case. In other words, the fact that the force is central 
guarantees the area law, but one needs the inverse-square dependence to obtain the elliptical 
orbit. 

In the analytical case, the main source of difficulties was the representation of acceleration in 
polar coordinates. Students found it difficult to interpret some magnitudes like �̇�𝜃  or 𝑒𝑒𝑒𝜃𝜃
physically. Derivation rules were applied in a rather procedural way. Furthermore, it was 
difficult for them to represent the assumption of a central force analytically and realize that one 
obtains the exact same condition when one postulates the area law. 

The post test showed some interesting results. When asked to show the connection between a 
central force and the area law, most students referred to geometrical constructions (drew 
triangles with equal areas) and very few mentioned something from the analytical derivation.
This somewhat unexpected result might indicate that these students have a preference for more 
visual/concrete arguments. 

4 Conclusion 

In this study we focused on the relation between two apparently distinct statements: i) the 
segment that connects the planet to the sun “sweeps out” equal areas in equal times (area law) 
and ii) the force acting on the planet is always directed to the sun (central force). We presented 
two different ways (geometrical and analytic) to derive this relationship to Indonesian pre-
service physics teachers and analyzed their struggles and preferences. 

When comparing their answers to explain this relation in pre and post tests we can identify 
some improvement in their understanding, although it is rarely the case that a fully coherent 
explanation is given. Understanding a derivation is certainly not the same as being able to 
reproduce it by route and it definitely takes some time to interiorize the arguments. Although 
there appears to be a tendency to prefer geometrical arguments, we believe that a diversity of 
approaches is beneficial to learning. We certainly learn a bit with each kind of derivation and a 
robust understanding is probably related with a vast repertoire of explanations and a complex 
network of conceptual connections.   
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Abstract. Different derivations of the centripetal acceleration equation ( ) were presented 
to first-year physics students at the University of Copenhagen. Afterwards, semi-structured 
interviews with pairs of students were conducted in order to identify their understanding of each 
derivation, as well as their struggles and preferences. Some of our findings include the main 
technical issues they struggled with and an overall preference for a more general/abstract kind of 
derivation, even though its physical content was not always clear to the students. 

1 Introduction 

The history of physics shows that understanding circular motion was far from being trivial. 
Galileo and Descartes, for instance, had a notion of circular inertia, i.e., they thought that bodies 
had a natural tendency to move in circles. It was only with Huygens and Newton, and their more 
sophisticated mathematical approach in terms of a (geometrical) differential calculus, that a full 
comprehension of circular motion was made possible [1]. 

It is therefore reasonable to expect that students will struggle with the study of circular motion 
when they first encounter the topic and there is a huge amount of evidence for that in the literature 
(e.g. [2,3]). In particular, it is rather challenging to understand why a uniform circular motion is 
accelerated and even more why its acceleration is given by . Although one finds many 
different ways to obtain this relation in the physics education literature, very few studies report 
students’ difficulties. Our goal is to investigate first-year physics students’ understanding of the 
reasons why , as well as their preference for different kinds of derivations of this relation. 

2 Methodology 

Five ways of deriving  (Fig. 1) were presented to 25 first-year physics students at the 
University of Copenhagen. These derivations use very different kinds of arguments, some are more 
geometrical others more analytical.1 In an online survey, the students were presented with short (5-7 
min) videos explaining each derivation and then asked to comment on what they (dis)liked. 
Interviews were conducted with 4 pairs of students who volunteered. The interviewer (SV) posed 
questions that guided the discussion to important conceptual issues involved in each derivation. 
 

    
 

                                                        
1(a) Similar triangles      1(b) Direct Calculus    1(c) Fall of the moon       1(d) Equal Revolution periods   1(d) Newton’s polygon                                             

Fig. 1 Different ways to show that . 

                                                 
1 All these derivations were found in the literature. See [4] for an overview. 
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3 Results 

The recordings of the students’ presentations and discussions gave us access to their own 
understanding of each derivation and the main issues they struggled with. A comparative 
analysis of their pre and post tests indicated which kind of explanations they prefer to use when 
justifying why the assumption of a central force leads to the area law. 

In the geometrical case, most of the students understood the overall construction and aim of 
the proof. However, some had a hard time visualizing the triangles with equal area in Newton’s 
diagram (Fig 1(a)). Moreover, the way that a central force is represented in the diagram was a 
common source of confusion (a couple of students draw the deviation from the inertial path in 
the wrong direction). Another misconception is that some students referred to the elliptical 
trajectory of the planet. They seem to believe that it is possible (with Theorem 1) to show that the 
orbit is an ellipse, which is not the case. In other words, the fact that the force is central 
guarantees the area law, but one needs the inverse-square dependence to obtain the elliptical 
orbit. 

In the analytical case, the main source of difficulties was the representation of acceleration in 
polar coordinates. Students found it difficult to interpret some magnitudes like �̇�𝜃  or 𝑒𝑒𝑒𝜃𝜃
physically. Derivation rules were applied in a rather procedural way. Furthermore, it was 
difficult for them to represent the assumption of a central force analytically and realize that one 
obtains the exact same condition when one postulates the area law. 

The post test showed some interesting results. When asked to show the connection between a 
central force and the area law, most students referred to geometrical constructions (drew 
triangles with equal areas) and very few mentioned something from the analytical derivation.
This somewhat unexpected result might indicate that these students have a preference for more 
visual/concrete arguments. 

4 Conclusion 

In this study we focused on the relation between two apparently distinct statements: i) the 
segment that connects the planet to the sun “sweeps out” equal areas in equal times (area law) 
and ii) the force acting on the planet is always directed to the sun (central force). We presented 
two different ways (geometrical and analytic) to derive this relationship to Indonesian pre-
service physics teachers and analyzed their struggles and preferences. 

When comparing their answers to explain this relation in pre and post tests we can identify 
some improvement in their understanding, although it is rarely the case that a fully coherent 
explanation is given. Understanding a derivation is certainly not the same as being able to 
reproduce it by route and it definitely takes some time to interiorize the arguments. Although 
there appears to be a tendency to prefer geometrical arguments, we believe that a diversity of 
approaches is beneficial to learning. We certainly learn a bit with each kind of derivation and a 
robust understanding is probably related with a vast repertoire of explanations and a complex 
network of conceptual connections.   
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3 Results 

As expected, the interviews were much richer in terms of assessing students’ genuine 
reasoning. The results of their analysis can be summarized in five different aspects: 

• Students have a hard time understanding many of the geometrical arguments used in 
some of the derivations. They describe a feeling of acceptance rather than 
understanding when confronted with these types of arguments.   

• Some of the derivations are based on infinitesimal calculus and the use of 
mathematical limits. This area of mathematics is far more familiar to the students, but 
some lack abilities to interpret the arguments into physics.   

• When the students are presented to an argument that uses approximations, they doubt 
the truth of the argument. Even though they are able to explain the reasoning behind 
the arguments, there is still a lot of skepticism.   

• Some students have a hard time understanding the use of vectors in physics. Many of 
them have a more mathematical mindset towards manipulation of vectors.   

• Students prefer the more straightforward derivation (1(b) direct calculus) and find the 
argumentation behind the others rather arbitrary. They complain that some use physics 
and mathematics that is irrelevant for circular motion, which causes confusion.  

4 Conclusion 

Although all the students that participated in this study had previous contact with at least one 
derivation (1(a) similar triangles) of  in their lectures, nearly none of them managed to 
present convincing arguments for why  before watching the various derivations. This 
does not come as a surprise to us, since understanding a derivation is certainly not the same as 
being able to reproduce it by route; it definitely takes some time to interiorize the arguments. 

In our data we managed to identify several important conceptual issues students have when 
studying this topic. This was also expectable given the complexity of the theme, which mixes 
challenging notions of calculus and vectors. It is fairly interesting to see that the more 
general/abstract derivation (1(b) direct calculus) was the most popular, even though the students 
could not use physical arguments to justify it. This may indicate that they are ok with 
manipulating symbols without striving for deep understanding, which can be a warning sign. 

Although there appears to be a tendency to prefer analytical arguments, we believe that a 
diversity of approaches is beneficial to learning. We certainly learn a bit with each kind of 
derivation and a robust understanding of the matter is probably related with a vast repertoire of 
explanations and a complex network of conceptual connections.   
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Abstract. Physics is one of the least liked subjects in schools. STEM is in crises worldwide. 
Is STEAM a possible solution? By the way, what is STEAM? Does it offer solutions for the 
current problems of science education? We introduce a STEAM project on gravity, which was 
a great success. We report on the Sway-project, which is an Art subject. We promote the 
“Retiring the Grand K” project, which is appointed for pedagogical research of STEAM 
didactics.  

1. STEAM 

“(Science) is more than a school subject, (...). It is an approach to the world, a critical 
way to understand and explore and engage in the world ...” (President Obama, 2015). Studies 
prove that STEM (Science, Technology, Engineering, Mathematics) is in crises. The main 
goal of STEM pedagogy is bridging the gap between Science classes and Science adventures.  
STEAM is a new perspective appearing on the palette. In the acronym A stands for Art: arts, 
skills and creativity are added to the teaching and learning practices.  

Is implementing Music, Ballet, Fine Art, Literature, rhymes, P.E., jokes or songs into 
our classes worth its time? Many colleagues find they make good use of this, but “relevant 
and reliable is research is urgently needed” [1.] Can we build on the students’ artistic skills in 
Science Education? Does STEAM prepare students with higher-order abilities to deal 
positively and productively life? [2.] 

We report on a series of STEAM projects run in a Hungarian secondary school.  

2. 3 projects 

In our first project in 2018 our aim was to see two fundamental questions: Can 
teachers of different Art disciplines cooperate with their colleagues of science in STEAM 
projects? Are secondary school students motivated in a STEAM project?  The success of the 
LIGO experiment (Nobel Prize, 2017) gave us an up-to-date topic. In the “Art-pieces of 
gravity!” project we encouraged our students to rethink the phenomenon with their artistic 
skills and creativity. It grabbed the students’ attention, many students got inspired. The 
course-works represented a wide range of solutions. We selected the best ones and arranged 
them in an exhibition in the social hall of the school. The students looked at the exhibits and 
gave praising feedback. (Fig.1.) On the school’s website there is a sway promoting this 
project. [3.] The cooperation of the teachers was great. The success called another project to 
life.  

There is one optional Art subject for each student in our school. In the 2018/19 
academic year a new subject was announced: “Media-2”. The IT teacher planned it on 
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3 Results 

As expected, the interviews were much richer in terms of assessing students’ genuine 
reasoning. The results of their analysis can be summarized in five different aspects: 

• Students have a hard time understanding many of the geometrical arguments used in 
some of the derivations. They describe a feeling of acceptance rather than 
understanding when confronted with these types of arguments.   

• Some of the derivations are based on infinitesimal calculus and the use of 
mathematical limits. This area of mathematics is far more familiar to the students, but 
some lack abilities to interpret the arguments into physics.   

• When the students are presented to an argument that uses approximations, they doubt 
the truth of the argument. Even though they are able to explain the reasoning behind 
the arguments, there is still a lot of skepticism.   

• Some students have a hard time understanding the use of vectors in physics. Many of 
them have a more mathematical mindset towards manipulation of vectors.   

• Students prefer the more straightforward derivation (1(b) direct calculus) and find the 
argumentation behind the others rather arbitrary. They complain that some use physics 
and mathematics that is irrelevant for circular motion, which causes confusion.  

4 Conclusion 

Although all the students that participated in this study had previous contact with at least one 
derivation (1(a) similar triangles) of  in their lectures, nearly none of them managed to 
present convincing arguments for why  before watching the various derivations. This 
does not come as a surprise to us, since understanding a derivation is certainly not the same as 
being able to reproduce it by route; it definitely takes some time to interiorize the arguments. 

In our data we managed to identify several important conceptual issues students have when 
studying this topic. This was also expectable given the complexity of the theme, which mixes 
challenging notions of calculus and vectors. It is fairly interesting to see that the more 
general/abstract derivation (1(b) direct calculus) was the most popular, even though the students 
could not use physical arguments to justify it. This may indicate that they are ok with 
manipulating symbols without striving for deep understanding, which can be a warning sign. 

Although there appears to be a tendency to prefer analytical arguments, we believe that a 
diversity of approaches is beneficial to learning. We certainly learn a bit with each kind of 
derivation and a robust understanding of the matter is probably related with a vast repertoire of 
explanations and a complex network of conceptual connections.   
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STEAM bases, focusing on how sway-s can best contribute to school-life. The students love 
the course, it has a high reputation. 

Fig. 1. The exhibition in the social hall 

The success of these projects invites us for a scientific study. We are working on a 
pedagogical research project linked to the “Retiring the Grand K” project. “Le Grand K” (the 
mass standard of SI since 1889) will be retired in May 2019. The project we build on this 
event has cross-curricular aspects with History, Social Studies, Literature, Fine Art and 
Languages. We are measuring the pedagogical effect of this project with pre and post 
questionnaires and interviews.  

3. Conclusion 

In our first projects we gained proof that teachers and students are open and willing to 
participate in STEAM projects. We plan our next project in a pedagogical research setting to 
gain quantitative proof of what we have already experienced.    
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Abstract. Programming allows experts and students to quickly and precise move between 
semiotic resources. By moving between ideas, formulas, model-making, visualization, and 
interaction with the simulation, new insight and learning opportunities present themselves to the 
user. A small group of upper secondary education students participated in our study where they 
created models of physical phenomena and implemented them using Python. The study was 
video and audio recorded and analyzed using Social Semiotics (with a focus on affordances) 
and the Variation Theory of Learning. The participants were capable of creating and 
implementing their own models after a short introduction to programming.  

1 Introduction 

Programming is used by physicist in every subcategory of physics such as cosmology, 
thermodynamics, fluid dynamics, mechanics and many more. Programming have been used 
in physics education for a long time [1,2], where they are used for specific tasks that the 
student must solve. However, reference [1] argues for a broader use of programming, as a 
tool for exploration and investigation by the student. This is also the outlook that the authors 
of this paper have of programming as a tool in physics education. 

The interplay between coding, visualizing and interacting with a simulation allows the 
student to insert their own ideas (see Fig. 1), explore the ideas, and revise them as they 
discover that these ideas may not represent a coherent picture of a physical phenomenon. 

Figure 1. The ability to move between different semiotic resources 
using the code, the visualization and the interactivity of 
programming creates an environment for exploration and learning.
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2 Method and data collection 

A small group of upper secondary education students, with an interest in physics, 
participated in a five-session workshop designed to create a structure within Python where 
they can create and implement their own models of physical phenomena. The students were 
able to create their own conceptual models, implement them and in the process of doing so, 
they made predictions, revised their models and identified errors and correct 
implementations.  

The data was analyzed using the framework provided by Social Semiotics [3] in the form 
of Semiotic Resources [4]. The analysis looked at how students moved between different 
semiotic resources and how they applied the Variation Theory of Learning [5] while doing 
so. Variation Theory of Learning is the assertion that to learn, one must experience variation 
within that specific aspect. Programming allows students to vary aspects of their simulations 
easily by either changing the code, the visualization or by interacting with it. 

Different semiotic resources offer different aspects to discern; e.g. a formula offers 
symbolic relationship and logic; a graph offers visual relationship and shapes. As we move 
between different semiotic resources, we move between what they offer, or what their 
affordances are [6].  

3 Results 
Programming allows experts and students to create semiotic resources with the appropriate 

affordances chosen for a specific purpose. An expert may choose to represent a simulation in 
a certain way, or to give it certain affordances, so that the expert may discern some aspects. 
Students may choose to create different representations, tailored to what they want to discern 
from the simulation [7]. This showed that the process of implementing a model can act as a 
learning and explorative situation for the student where they can ask questions and 
investigate answers.  
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Abstract. We analysed images in Physics textbooks assuming they can aid the understanding of 
Physics contents. We considered the textbook images carrying information that can be 
categorized as motivating, informative, explanatory and redundant. The 223 images from 
kinematics units of 3 collections approved by PNLD 2018 were classified according to their 
function as informative (52%), explanatory (40%), and redundant and motivating (8% total). To
improve the learning of Physics concepts, we also created moving interactive images from 
informative figures using a free version of Illustrator software. We observed by applying 
questionnaires student performance improvement with these images compared to motionless 
ones. 

1 Introduction 

Physics textbooks use a lot of images which are intended to illustrate concepts and 
facilitate students’ learning, but their efficacy is controversial. According to [1], the images 
are not immediately understandable. Students tend to understand them in the pedagogical 
context, only if the teacher helps them to perceive their constructive elements. However, 
images represent one of the most valued aspects to teachers in a book selection [2]. According 
to [3], the images are less explored by the students, and they present different understandings 
of the same illustration. In fact, the set of textbook images seems to be less explored by the 
authors in the textbooks and by the teachers in the school routinely. In addition, to [4] point of 
view, students have difficulty in interpreting the images, real or schematic, and it is necessary 
a teacher mediation to instigate them to allow  to perceive the relevant elements. In fact, the 
students tend to describe the image in a real way, without observing schema, arrows and 
symbols, which can lead to an erroneous interpretation. Besides that, [5] states that textbook 
images present peculiarities that differ from the daily reality of students’, and the author 
suggests working with the ones that represent their daily life. This indicates that the use of 
images can be understood as a link between scientific and everyday knowledge, and in this 
perspective the relationship between the image, and their represented objects must be 
considered and well explored. 

Based on these assumptions we studied the illustrations in Physics textbooks, and we 
assumed that some evidence suggests that the images can facilitate the students’ 
understanding of different concepts, especially whether they represent the dayly life of 
students, and if their use was mediated by teachers. We considered, as proposed by [6], that 
images carry information that can be classified as motivating, informative, explanatory, and 
redundant. Finally, we developed some alternative dynamic images to static textbook pictures 
and applied them to high school students. 

2 Development 

We analysed the images from kinematics units of 3 textbook series approved in the last 
high school edition of the National Textbook Program (PNLD 2018) that in total included 12 
Physics textbook collections. Based on official data, the textbooks selected were composed of 
the two most chosen collections and the least chosen collection by the teachers. We classified 
223 images from the kinematic units of the chosen books as motivating, informative, 
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2 Method and data collection 

A small group of upper secondary education students, with an interest in physics, 
participated in a five-session workshop designed to create a structure within Python where 
they can create and implement their own models of physical phenomena. The students were 
able to create their own conceptual models, implement them and in the process of doing so, 
they made predictions, revised their models and identified errors and correct 
implementations.  

The data was analyzed using the framework provided by Social Semiotics [3] in the form 
of Semiotic Resources [4]. The analysis looked at how students moved between different 
semiotic resources and how they applied the Variation Theory of Learning [5] while doing 
so. Variation Theory of Learning is the assertion that to learn, one must experience variation 
within that specific aspect. Programming allows students to vary aspects of their simulations 
easily by either changing the code, the visualization or by interacting with it. 

Different semiotic resources offer different aspects to discern; e.g. a formula offers 
symbolic relationship and logic; a graph offers visual relationship and shapes. As we move 
between different semiotic resources, we move between what they offer, or what their 
affordances are [6].  

3 Results 
Programming allows experts and students to create semiotic resources with the appropriate 

affordances chosen for a specific purpose. An expert may choose to represent a simulation in 
a certain way, or to give it certain affordances, so that the expert may discern some aspects. 
Students may choose to create different representations, tailored to what they want to discern 
from the simulation [7]. This showed that the process of implementing a model can act as a 
learning and explorative situation for the student where they can ask questions and 
investigate answers.  
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explanatory and redundant according to the image’s function, as proposed by [6]. The results 
reveal 115 images (52%) as having an informative function, 89 images (40%) as being 
explanatory and 19 images (less than 9% total) as having a redundant or motivating function. 
Next, we decided to focus on the most frequent function, the informative one, because, 
according to [6] these images appear in the foreground of didactic discourse, show situations 
in which the physical concept is applied, and finally are linked to the textbook context.  

All the 115 informative textbooks images are static ones, even when they represent 
dynamic situations. We chose 3 of them (one from each selected textbook series) to develop 
equivalent interactive illustrations. The idea was to facilitate the students’ understanding, with 
the free version of the software Illustrator CC 2017 available at https://adobe.ly/2FV9ypX, 
based on a free tutorial available at goo.gL./NvRcKV. Through the program, it is possible to 
develop images that allow us to visualize movements, by sliding a transparent acetate sheet 
with several vertical lines, over the images produced by the software. These static and dynamic 
images were presented in 2 questionnaires applied to 20 first-year high school students. It was 
observed that their performance was, on average, 25% better in their answers with the interactive 
images compared to the statics ones. This allows us to infer that the dynamic images tend to better 
facilitate more the students’ comprehension of Physics contents.

3 Conclusion  

Textbooks represent the main didactic material used by Brazilian teachers and students as 
sources of knowledge, methodologies, and reference to the curriculum. The importance of these 
materials is increasing within the National Textbook Program (PNLD) because its scope and 
diversification allows teachers to choose the most suitable textbook series for each school. The 
images have a fundamental role in textbooks, intending to facilitate the students' understanding of 
Physics contents while also helping Physics teachers clarify abstract subjects. In this perspective, 
the study of images in Physics textbooks can be considered relevant.  

Physics textbooks contain a large number of images, as verified in the analysis of the 
kinematics units of 3 collections recommended by the PNLD 2018. We found 223 static images, 
which were classified according to their function, observing that 52% of them play an informative 
role in the textbook. We chose one image from each selected Physics textbook series from the 
115 informative static textbooks images to develop equivalent interactive illustrations using 
the Illustrator software. Two questionnaires were applied to 20 first-year high school students who 
performed better when shown the dynamic images.

With this research, we aim to guide Physics teachers about the development and use of 
moving images. We hope to encourage teachers to explore interactive images as they do not 
require structured laboratories and can be created with a free version of the software and tutorial. 
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Abstract. In this contribution we will present developed by us laboratory experiment called mechanics of the 
mandible. In this experiment we combine simple machines and some electronic phenomenon, like change in 
resistivity of some object according to their tension. Prepared experiment was tested on a medicine dentist students 
during the biophysics labs. We collected students opinions together with their results in quiz test about related topics.

1 Mechanics and the mandible  

One of the most common proofs for the effectiveness of physics in everyday life are 
simple machines. From the very beginning of our lives we are taught – or we learn ourselves -
where to sit on a swing to be able to play with a heavier or lighter friend, we learn to lift heavy 
things with a long stick, not a short one, or break a branch with a knee in an effective way. We 
get to know mechanics from everyday experience, usually without even knowing its formal 
mathematical and physical description. However, there are professions in which this formalism 
seems to be important. A non-obvious example are dentists who work with the mandibular joint, 
which is a beautiful example of a one-sided leverage. Unfortunately, as medical students, future 
dentists have rather low physical knowledge and a deep conviction that it is unnecessary for 
them.

2 How to convince students of medicine to physics?

School physics for medical students seems as an infinite number of difficult tasks, such as 
"calculate the acceleration of the block ...", completely incompatible with their future profession. 
Thus, it is not an easy task to help them to involve in learning about the principles of the 
surrounding world (and the physical principles of their profession). Any attempt must meet 
several requirements:
- it has to be understandable with students’ level of knowledge or understandable in "comfort 
zone",
- it has to use simple, understandable physical model, which can be later developed, with 
simplifications, into more complicated one,
- it has to be related to their future profession and job – it needs to be practical.

3 Mechanics of the mandible as a part of Medical Biophysics lab

On a poster we will present an exercise that Jagiellonian University Medical College 
dentistry students meet during their 2nd year Medical Biophysics course. It is called the
mechanics of the mandible. During the laboratory students are familiarized with methods of 
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explanatory and redundant according to the image’s function, as proposed by [6]. The results 
reveal 115 images (52%) as having an informative function, 89 images (40%) as being 
explanatory and 19 images (less than 9% total) as having a redundant or motivating function. 
Next, we decided to focus on the most frequent function, the informative one, because, 
according to [6] these images appear in the foreground of didactic discourse, show situations 
in which the physical concept is applied, and finally are linked to the textbook context.  

All the 115 informative textbooks images are static ones, even when they represent 
dynamic situations. We chose 3 of them (one from each selected textbook series) to develop 
equivalent interactive illustrations. The idea was to facilitate the students’ understanding, with 
the free version of the software Illustrator CC 2017 available at https://adobe.ly/2FV9ypX, 
based on a free tutorial available at goo.gL./NvRcKV. Through the program, it is possible to 
develop images that allow us to visualize movements, by sliding a transparent acetate sheet 
with several vertical lines, over the images produced by the software. These static and dynamic 
images were presented in 2 questionnaires applied to 20 first-year high school students. It was 
observed that their performance was, on average, 25% better in their answers with the interactive 
images compared to the statics ones. This allows us to infer that the dynamic images tend to better 
facilitate more the students’ comprehension of Physics contents.

3 Conclusion  

Textbooks represent the main didactic material used by Brazilian teachers and students as 
sources of knowledge, methodologies, and reference to the curriculum. The importance of these 
materials is increasing within the National Textbook Program (PNLD) because its scope and 
diversification allows teachers to choose the most suitable textbook series for each school. The 
images have a fundamental role in textbooks, intending to facilitate the students' understanding of 
Physics contents while also helping Physics teachers clarify abstract subjects. In this perspective, 
the study of images in Physics textbooks can be considered relevant.  

Physics textbooks contain a large number of images, as verified in the analysis of the 
kinematics units of 3 collections recommended by the PNLD 2018. We found 223 static images, 
which were classified according to their function, observing that 52% of them play an informative 
role in the textbook. We chose one image from each selected Physics textbook series from the 
115 informative static textbooks images to develop equivalent interactive illustrations using 
the Illustrator software. Two questionnaires were applied to 20 first-year high school students who 
performed better when shown the dynamic images.

With this research, we aim to guide Physics teachers about the development and use of 
moving images. We hope to encourage teachers to explore interactive images as they do not 
require structured laboratories and can be created with a free version of the software and tutorial. 
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examination of the bite force, measure their own bite force and determine the mobility of their 
mandible. In the first part of the lab, students have to build a tensometric balance from an elastic 
pencil, calibrate it and use to measure the mass of the unknown object. This part is introduced in 
order to familiarize students with a physics concept: resistance of some object could change 
according to tension put on them via the acting force (Fig1A). 
  In the second part, students have to calibrate a device that measures the bite force and use 
it to determine their own bite force and then to compare it with e.g. a crocodile. Device consists 
of a flexible steel beam, on which four strain gauges are stick. Two strain gauges are on a 
bottom, and two on the upper part of a beam, therefore resistance of first two will decrease, and 
the resistance of the last two will increase while the force is applied. Since strain gauges are 
connected in a Wheastone bridge, on the output of the system we obtain a voltage/current, which
increases when a beam is fold (Fig1B). 
 In the last part of the exercise students have to determine the mobility of their mandibles. 
They have to stick markers on their faces, record an images during several moves (e.g. 
abduction, adduction), and analyze them after calibration the images.   

 On the poster we will present a whole activity, with detailed description (medical and 
physical one), together with examples of students' results and their discussions. We will also add 
students’ opinions about the exercises and compare the results of a quiz on simple machines 
done by the students before and after they do the abovementioned experiments. They show that a 
practical demonstration of the basic physical principles enormously helps to understand the more 
abstract, theoretical description of the material. 

FIG. 1: Experimental setup. A: tensometric balance from an elastic pencil. B: flexible steel beam with strain gauges 
that measures the bit force.



301

  

Teaching the idea of a wave 
Lawrence, Ian 

Institute of Physics, 37 Caledonian Road, London, N1 9BU, UK 

Abstract. Careful thinking about the idea of a wave, didactically transposed for pre-algebraic 
presentation, could result in a better teaching sequence.

“The world is made of kisses and not stones” (Rovelli)

Waves are in some sense the prototypes of transmission of influence without stuff also being 
transmitted, so could or should play a leading role in reflecting this insight (generally, and for 
good reason, any elaboration of the idea of a field comes after the idea of a wave). So it is rather 
important that the theoretical idea of a wave gets well-established in a way that the power and 
applicability of the idea across different contexts can be realised. So if we’re teaching about 
waves, then we’d like children be able to represent and reason about disparate phenomena using 
ideas that are distinctively wave-like. Such a demand requires that we have first in the front-of-
mind a clear idea of a wave transposed from its natural rather algebraic realm into a form that is 
not diluted to the point of being a classificatory label for certain kinds of phenomena.  

In elementary teaching, and in UK curricula at least, this ambition seems to be somewhat absent, 
with conflation of phenomena and mathematical apparatus as exemplified in phrases such as 
“sound is a wave”.

This conflation seems to me to be an accident of history, a historical habit of mind - perhaps even 
a ‘teacher ritual’,  as elsewhere there remain many other resources available, which do not follow 
this approach. For example, swell and surf forecasts focus on amplitudes, frequencies and 
expected arrival times, depending on the paths followed from the source. The majority of highly 
rated teacher-advice sites (as located by search engine late in 2018) head off along a different 
track, relying on a series of declarative statements, often without any discernible cognitive glue, 
which might serve either to provide coherence, or to illuminate a pattern of thinking which the 
learner could apprehend. 

Teachers and their children are likely to have a more fruitful time in the classroom if a more 
careful analysis of the idea of a wave were to form the basis of the teaching. This paper will 
present a suggested sequence, a ’teaching experiment’, based on two fruitful metaphors, suitable 
for pre-algebraic treatments. The outline of the sequence will show how these starting points can 
both provide a better basis for an introduction to the subtle idea of the wave, and how such 
starting points can be developed so as to explore all that’s implicit in the idea, in a suitable form 
for school treatments. 

The metaphors are of ‘delayed mimicry’ and a ’step’, which are both sufficiently demotic, and 
sufficiently precise, to support a learning path which takes the idea of a wave seriously, even as 
far as an account of phase and superposition. 

The work draws on the developments in The Advancing Physics project and in the past years, the 
Supporting Physics Teaching project, but is a new development, being a research-aware 
didactical transposition, a reasoned proposal for a ‘teaching experiment’, sufficiently well 
supported to show that persevering with the approach is likely to prove fruitful. 

A11-4

examination of the bite force, measure their own bite force and determine the mobility of their 
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Abstract. The metacurriculum of a course comprises the beliefs and knowledge and skills 
beyond disciplinary content that affect students’ attitudes to the course, approaches to learning 
and success. We investigate our intended metacurricula for our non-major physics courses. After 
representing our metacurricula on paper, we met to workshop our representations. A grounded 
analysis of these representations shows that our metacurricula include constructivist views of 
learning, student self-image and well-being, and general study strategies, originating mostly in 
our own experiences. Our pedagogy for communicating our metacurricula vary according to our 
individual teaching styles.

1 Introduction and Methodology 

In order to improve equitable access to physics, Redish [1] calls on physics lecturers to make 
the hidden curriculum explicit to students. What should this explicit instruction look like? We 
provide here a first step in the direction of answering this question, by exploring what we, as four 
experienced physics lecturers, attempt to convey (beyond physics) to our non-major physics 
students, and why and how we do so. Non-major students are interesting because they are not 
becoming disciplinary experts, yet need to access the discipline sufficiently to pass first-level 
courses. Research on the hidden curriculum has focused on what students receive, but here we 
focus on what the lecturer intends, referred to as the intended metacurriculum. The 
metacurriculum comprises the beliefs and knowledge and skills beyond physics and mathematics 
that affect students’ attitudes to a course, approaches to learning, and success in physics [2]. The 
purpose of our project was to map our existing intended metacurricula, recognizing that, before 
we can improve our metacurricula, we need to know the existing terrain. Through the process we 
describe below, we realized that three different aspects are worth teasing out: the messages we 
try to convey (the content), the ways in which we convey these messages (the pedagogy), and the 
sources of these messages (the origins of the metacurriculum).

We work in a physics department that has a long history of physics education research and 
values quality teaching. We teach introductory courses comprising mostly mechanics, using 
textbooks by Knight, to students in engineering (GL), medicine (SP), science (SW) and an 
extended science program (DT). Our are diverse culturally and socio-economically. After 
learning about the concept of metacurriculum, we attempted to map out our metacurricula 
individually. We then met to share our representations, which comprised lists of brief statements. 
Further elaboration came in discussion, which helped us reflect on our metacurricula and add to 
our representations. Prior to this process, we had never discussed the metacurricula of our 
courses. The refined representations (ranging from 7-21 items and 239-544 words) were
subjected to a grounded analysis by the first author and presented to the other authors for 
feedback. 

2 Results and Discussion

Regarding content, four themes could be found in every metacurriculum. The first was a 
constructivist view of learning, communicating that successful learning in physics requires 
students’ active participation. The second was the intention to build students’ self-image 
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regarding their ability in physics. The third theme was recognition of the ‘whole person’ of the 
student, encouraging students to have a healthy lifestyle with sufficient exercise and sleep. The 
last theme was strategies to help students in their studies generally, including time management, 
study skills, problem solving, test writing, metacognition and student agency. The breadth of our 
metacurricula reflect our Pedagogical Content Knowledge (PCK) [3] of the wide variety of 
factors that affect student achievement in first year university physics courses, for example 
stereotype threat [4] and students’ epistemologies [5].

The pedagogy of the metacurriculum varied according to the different lecturers’ teaching
styles. SP started each lecture with a multiple choice ‘question of the day’ with a picture of one 
of his small children. DT used questions, metaphors and mottos, e.g. “there’s no such thing as a 
stupid question”. SW used mottos, self-deprecating humor and identification of his own 
experiences with those of students. GL used literary quotes, cartoons, stories and mottos. Our 
pedagogies reflect our constructivist views of how students acquire the metacurriculum.

The metacurricula had diverse origins, drawing on our experiences as students, lecturers and 
academic student advisors, as well as from student surveys, comments from colleagues, Physics 
Education Research and contemporary issues. When we draw on our own experiences, our 
metacurricula are most suited to students like ourselves, and thus may not be well suited the 
needs of struggling students or students from diverse backgrounds. 

The process that we went through in this research project led to a higher level of pedagogical 
discussion than has happened before and thus has potential as a strategy for staff development. 
Rather than leaving the metacurriculum to chance, the results of Physics Education research, as 
well as the PCK of experienced lecturers could be harnessed in a process in which the 
metacurriculum is discussed and planned in physics departments. While lecturers may be 
resistant to being told ‘how to teach’, they are generally open to discussing their own teaching 
and sharing with colleagues. There may also be value in introducing students to the term 
‘metacurriculum’ and the purpose behind it. Research into the metacurricula of second and third 
level courses could explore the trajectory of the metacurriculum over the course of an 
undergraduate degree, exposing repetitions, resonances and dissonances. It is also worth 
investigating the metacurricula that a first-year student encounters across their subjects. Further 
study could investigate students’ perceptions of the metacurriculum of courses, i.e. the received 
metacurriculum, which would also uncover aspects of the unintended metacurriculum. 
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Abstract. The latest advances in space technology improve our everyday life, and physics 
education has the potential to do the same. The inquiry-based research problems of the IYPT 
(International Young Physicists’ Tournament) encourage thousands of talented high school 
students worldwide to invest a greater amount of their time studying physics. Our research, in
participation with five schools and a university, shows that the challenge of solving an IYPT 
problem is an efficient way to encourage students to do and learn more physics while enjoying 
themselves in the process.

1 How can we make inquiry-based problems effective for the “average” student? 

Inventing new technologies is time, money and energy intensive. As soon as possible, results 
are made available in everyday life so that investments can be recouped. Similarly, the question 
arises as to how the results of extraordinary but very valuable and novel work done with the most 
talented students – preparing them for physics competitions – could be utilized in everyday physics 
education. One of the volunteer tasks of the Department of Material Physics at ELTE University 
is to prepare the most talented Hungarian students for the IYPT competition. To thoroughly 
examine inquiry-based problems, students spend a great amount of time and energy, but they do it
with great enthusiasm and in most cases with great results!

But can our experiences be transferred to everyday physics education? Can we encourage 
"everyday" students by using active, lifelike problems instead of textbook examples? Can we reach 
students with different learning styles, i.e. those who are more inclined toward purposeful research 
instead of the classic task solution? Of course, IYPT problems due to their difficulty and time-
consuming nature cannot be applied to common lessons. They need to be adapted to match the 
students' knowledge, the time schedules, the topics discussed in the lessons and the teachers' free 
capacities.

But what organizational and task management methods can be used to make inquiry-based
problems a positive experience for most students in their physics studies? We are trying to answer 
this question in our research, and to show what positive results we have achieved in students' 
attitudes and knowledge.

2 What do we really want to achieve?

Hundreds of inquiry-based problems are available on the official site of IYPT [1]. Our goal is 
to make this kind of problem not only a privilege for the most talented students. Of course, these 
problems are often too complex to be applied directly to basic education. Our colleagues who 
have spent a lot of time getting to know each problem thoroughly have the knowledge to present 
the tasks in an interesting and effective way also for regular classes. Meanwhile, we pay 
attention to the diversity of students, with a strong emphasis on the possibility of differentiated 
education in projects [2]. 

The aim of our projects is primarily to increase the knowledge of physics and improve attitudes 
towards physics. In addition, our goal is to develop students' other abilities too (e.g.: proper use of 
internet / literature, work planning, teamwork, presentation skills [3]).
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Fig. 1. Typical product of one of the 9th class 
projects: Electromotor (IYPT 1999: Magic Motor).

Fig. 2. 8th class students working on the IYPT version of 
the “egg-drop challenge” (IYPT 2017: Invent yourself)

3 How do we develop our projects?

These kinds of lessons and school projects are laden with pitfalls, which can temper the initial 
enthusiasm of teachers and students. For this reason, our colleagues – who are familiar with the 
problems – place great emphasis on the complete and detailed elaboration of the individual school 
projects, from teacher preparation to the continuous "guiding" steps of the students, until the 
completion of the evaluation [4]. In our work - somewhat differently from other projects - we 
consciously apply and develop the motivational power of "competition" and integrate smaller 
competitive tasks into each project – naturally with positive rewards only.

During our work we try out our projects (e.g. Balloon Airhorn, Fast Chain (2017) [1] etc.) 
in our own classes - from the 8th grade until the first year of university - and then test each 
other's work. As a result, the given project, whether in-school or out-of-school, should contain 
as few errors as possible in schools. During the projects, students have to answer integrated – 
open and close-ended – questions which are followed by a short test at the end of the project. 
The purpose of these evaluations, besides measuring the effectiveness of the project, is to 
immediately give feedback to the teachers, thus helping their work during the project. In 
addition to feedback from our development team of eight high school physics teachers, we can 
also make further improvements based on student assessments. 

4 Research results

Our studies confirm that students are much more keen about well-designed and executed 
inquiry-based projects than traditional tasks. We also show that the work done in groups 
significantly increases the positive perception of the student “research”. In addition, students 
appreciated the possibility to create their own experiments and devices (e.g. see Fig. 1), which 
also contributes to the development of attitudes towards physics. Measurements and their 
evaluation have in many cases led to improvements in students' physical knowledge. 

5 Conclusions

Creating inquiry-based projects is challenging but valuable! We hope that our research 
produces useful, completely worked out projects for physics teachers worldwide to make their 
lessons more interesting, varied and attractive.
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Abstract. The physics experiment needs to be carried out in the group where the students are 
educated by implementing Individual Education Program (IEP). It is especially important to match 
the goals of the experiment with the objectives of implemented IEP itself. For most students with 
disabilities, there is a desire to discover. The elements of the game can be successfully applied 
precisely when performing experiments in physics. The most important goals of the physics 
experiments are socialization and motivation for teamwork which can make influence for gaining 
better life skills, needed for future. Good integration in the peer environment and understanding 
elements of scientific method could be achieved for the majority of IEP students educated by using 
relatively simple language in Physics. The paper presents the list of activities in the processing of 
the elementary particles, results and correlation to achieved life skills. A full time video was also 
created as one of the evaluation methods.

1 General Recommendations for Teaching Disabled Students  

Communication to disabled students should be done patiently and clearly. It is important to 
avoid forms like "LATER", "MAYBE", "Why did you do it?". Ambiguity and sarcasm are 
strongly unrecommended. Requirements for students need to be broken down into smaller steps, 
which can be used later for evaluation of methods and assesments. Listen carefully to each 
response and observe the activity. Each answer must be respected. In the attempts of independent 
activity, respond positively and stimulatingly, with praise, affirmation and encouragement.

The teacher in every situation must provide social support, that is, protect the child from 
intimidation and teasing of others. Through extra-curricular work, a friendly system and friendly 
relations are developed, as better integration into the peer group. Specific skills (measurement, 
observation, tactile writing, drawing of details) that the student possesses should be trained and 
encouraged during activities with peers. Group work can help students find common interest and 
encouragement for further advancement.

The essence of teaching disabled students in Science consists in deciding what kind of help is 
needed and how this assistance could be provided. It is necessary to find activities that have strong 
motivation for work. It is also necessary to develop activities for achieving success, which will 
lead them and motivate students for gaining better life skills.

2 Experiments in Physics for Gaining Better Life Skills

Experiment is very important and acts a major role in teaching Physics. Well planned
experiment sets the good starting point for understanding logical and mathematical operations and
scientific approach to the problem. Also, with the help of the experiment, the accuracy and the 
connection of theoretical knowledge with practical ones are achieved.

When performing an experiment for disabled students, it is necessary to know their habits,
earlier reactions to sudden occurrences and the level of achieved life skills.
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also make further improvements based on student assessments. 
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inquiry-based projects than traditional tasks. We also show that the work done in groups 
significantly increases the positive perception of the student “research”. In addition, students 
appreciated the possibility to create their own experiments and devices (e.g. see Fig. 1), which 
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3 Teaching Tools

Detailed instructions, scenario and evaluation procedure will be given here in the full version 
of the paper. Some tables and photographs will be added inti this part of the paper.

4 Conclusion

Using well planned experiments in Physics teaching is showed as a good tool for achieving 
important goals of rehabilitation and education of disabled students. Method of game and 
simple scientific language are the great help for the classroom activities in acquiring knowledge 
that can increase the level of life skills. In the near future the lack of literature in teaching 
physics will require of teacher’s education institutions to be more agile and more oriented as 
skills as the outcomes of all students not just disabled students. Inclusive education should 
include all available resources and methods in order to bring Physics closer to disabled students. 
These facts will help all of us to achieve 17 Sustainable Development Goals (SDG 17), where 
good education is the fourth goal, proclaimed by UN. Full integration of disabled students into 
our communities should be reached by using education as a powerful tool, where experiments 
in Physics is one for sure.  
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Abstract. Interference, diffraction and polarization of light are the basic phenomena of wave 
optics. According to the findings of the existing PER studies, they are the source of many 
students’ conceptual difficulties. The goal of the present study was to investigate qualitatively 
Croatian and Austrian secondary school students’ understanding of the main concepts and 
phenomena of wave optics as a first step that will serve as a preparation for a large-scale study on 
wave optics. 

1 Introduction  

Research has shown that university students have many difficulties with the wave model of 
light and wave optics [1,2]. Students are not sure when to apply geometrical or wave optics, 
and sometimes they also form hybrid models. They typically show poor understanding of 
interference, diffraction and polarization of light. 

It can be assumed that wave optics is even more difficult for secondary school students. 
However, few studies have focused on secondary school students’ understanding of wave 
optics [3,4]. Our goal is to present Croatian and Austrian secondary school students’ 
conceptual difficulties with wave optics that were investigated through nine demonstration 
interviews in Croatia and six in Austria.

2 Demonstration interviews 

Four demonstration experiments were prepared, together with the accompanying questions, to 
probe students’ conceptual understanding of polarization of light, interference of light from two 
sources, diffraction on a single slit and on a diffraction grating.  

The research was conducted in a form of semi-structured demonstration interviews. Nine final 
– year secondary school students in Zagreb, Croatia and six in Vienna, Austria, with different 
physics grades, were interviewed after traditional school instruction on wave optics. Croatian 
secondary school students study wave optics in the final grade of gymnasium (age 18 to 19), 
while the Austrian secondary schol students usually study wave optics one year earlier (age 
17 to 18). 

Students were asked for their predictions (in words and drawings) and explanations of the 
results of demonstration experiments. During the interviews, the think - aloud technique was 
used. The interviews were audio taped, transcribed and analyzed. The identified students’ 
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difficulties with the basic concepts and phenomena of wave optics will be presented and 
discussed. 

3 Conclusion 

Students were generally found to exhibit most of the identified difficulties from previous 
studies in other countries, but some new aspects of difficulties were also found. Some 
difficulties differed between the Austrian and Croatian sample.  
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Abstract. In this contribution applications of augmented reality to experiments in an electricity 
and magnetism lab course are presented, where, by means of augmented reality, virtual and 
physical learning spaces are integrated. The experiments are visually superimposed with
simulation results being dynamically coupled to the experimental parameters. The real-time 
visualization of the theoretical model behavior model in connection with the corresponding 
experimental behavior is leading to improved spatial and temporal contiguity, thus enhancing the 
relationship between theory and experiment in the augmented educational setting.

1 Introduction 

Development of new digital media and its dissemination in education usually progresses 
faster than didactically sound learning concepts and environments can be developed. This makes 
it all the more important to take a look at future technologies from an educational perspective in 
good time and to anticipate possible applications in education. Augmented reality (AR) offers the 
potential to integrate physical, digital and social learning experiences in hybrid learning 
environments and thereby to achieve learning gains, higher motivation or improved interaction 
and collaboration [1]. In natural sciences, theory- or calculus-based learning and experimental 
exploration in the lab can be brought closer together by means of augmented reality. Besides the 
possibility of superimposing invisible quantities on real experiments as, e.g., in Ref. [2], the 
visual overlay of simulation results and their dynamic coupling to experimental parameters is
another benefit, which we utilize in our AR applications.

2 AR in the electricity and magnetism lab

In electromagnetism students often only have a fragmented knowledge about basic 
concepts and difficulties to relate different concepts both with each other and with the 
mathematical formalism [3]. Moreover, problematic ontological and epistemological 
conceptions of electric and magnetic fields, such as the conception of action at a distance, are 
found to be common among students [4]. Since AR can foster conceptual understanding or 
even conceptual change and problem-solving skills [5], we address the aforementioned 
problems using AR learning environments where theoretical models and their graphical 
representations are integrated with corresponding lab experiments. Moreover, AR learning 
environments provide the advantage of spatial and temporal contiguity and thereby support 
learning processes that bind the working memory [6]. 

Our data-driven AR setup is depicted in Fig. 1. The multimeters used in the experiments 
are connected via USB to a single-board computer (SBC). The SBC in turn sends the 
measurement data, such as actual coil current, capacitor voltage and electron acceleration 
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voltage in an electron beam deflection tube, to the head-mounted display (HMD). According 
to the current experimental parameters, many physical – and partly invisible – entities and 
values can thereby be augmented to the experiment. In our example of the electron beam 
deflection tube the magnetic field of the Helmholtz coils and the electric field of the capacitor 
is each represented in AR by a vector field whereas the electron trajectory can be observed 
both in reality and additionally as a visualized simulation according to 

�⃗�𝐹 = 𝑞𝑞 (�⃗⃗�𝐸 + �⃗�𝑣 × �⃗⃗�𝐵) . (1)

The latter is used to directly compare the theoretical model behavior with the corresponding 
experimental behavior. An immediate feedback to changes of experimental parameters is 
given as the graphical representations are updated in real-time. Furthermore, relevant 
formulas such as eq. (1) and current measurement values are superimposed to the experiment. 
Depending on which experimental parameter is changed, the associated parameters and 
formula parts are highlighted. For example, if the coil current changes, the parameter for the 
magnetic field �⃗⃗�𝐵 is colored in formula (1), while its relation to the coil current 𝐼𝐼𝐶𝐶 depending 
on the coil parameters 

�⃗⃗�𝐵~ 𝜇𝜇0⋅𝑁𝑁
𝑅𝑅 ⋅ 𝐼𝐼𝐶𝐶 (2)

also appears in the AR display for a few seconds. Similar augmentations for other 
experiments with coils, capacitors or cathode ray tubes are viable with the setup described 
above. 

3 Conclusion and Outlook

Both current research in the realm of educational applications of AR and theories from 
cognitive psychology and multimedia learning and instruction promise well that AR can not only 
serve as another multimedia tool, but can really make a difference in learning. For the case of the 
abovementioned setup of an AR learning environment in an electricity and magnetism lab course, 
learning gains and conceptual understanding were examined in an exploratory qualitative study. 
Preliminary outcomes will be presented in this contribution.

References
[1] J. Bacca, S. Baldiris, R. Fabregat, S. Graf and Kinshuk, Augmented Reality Trends in Education: A 

Systematic Review of Research and Applications, J. Edu. Tech. Soci. 17 (2014), 133–149.
[2] M. Strzys, S. Kapp, M. Thees, J. Kuhn, P. Lukowicz, P. Knierim and A. Schmidt, Augmenting the thermal 

flux experiment: A mixed reality approach with the HoloLens, Phys. Teach. 55 (2017) 376–377.
[3] V. Albe, P. Venturini and J. Lascours, Electromagnetic Concepts in Mathematical Representation of Physics, 

J. Sci. Edu. Tech. 10 (2001), 197–203.
[4] C. Furio and J. Guisasola, Difficulties in learning the concept of electric field, Sci. Edu. 82 (1998), 511–526.
[5] K.-H. Cheng and C.-C. Tsai, Affordances of Augmented Reality in Science Learning, J. Sci. Edu. Tech. 22

(2013) 449–462.
[6] N. Mammarella, B. Fairfield and A. Di Domenico, When Spatial and Temporal Contiguities Help the 

Integration in Working Memory: "A Multimedia Learning" Approach, Learning and Individual Differences
24 (2013) 139–144.

Fig.  1:  Technical setup of the AR learning experience in the lab course.
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Abstract. Integration of ICT into Inquiry-Based Science Education (IBSE) become trendy 
school practices and its impact is common research interest. In this empirical study, we 
investigate the impact of video-measurement and data-logging activities in inquiry lessons
within the Vietnam context. The FCI (1) and TUG (2) (3) tests were used for control and 
experiment groups. The test results show effects of these ICT-enriched IBSE activities on 
grade-10 students’ kinematics graph interpretation and force conception.

1 Introduction 

Coach, integration of tools for data logging with sensors, video measurement, modelling and 
controlling, is an ICT platform enabling students to investigate the real-world physics 
phenomenon mostly on their own and so grasp physics concepts behind. Research on the use of 
Coach has showed the effects of this platform in Inquiry-Based Science Education (IBSE) (4).
Moreover, FCI test is a renowned and widely-used tool for assessing students’ conception. There 
is also research on the use of FCI to test concepts on force and motion, showing reliability and 
validity of this instrument (5) (6). Thus, we make use of this test in our study on evaluating to 
what extent the use of ICT in Vietnamese students’ investigations can restrict their 
misconception on force and motion.

ICT platform like Coach has added-values on advancing representation of physics concepts 
via tables, graphs, simulations and modelling (7). Additionally, TUG is also a standardized test,
but on students’ graph representation, developed by Beichner (2) and adapted by Zavala (3).
TUG scores are used in research (8) to prove benefits of ICT tool (e.g. video measurement) on 
developing graph-representation competence in students. To examine this value of ICT in the 
Vietnam context, we use Zavala-adapted TUG to assess students’ interpretation of kinematics 
graphs.

In short, our study is driven by the following questions:
- Does the integration of ICT in ISBE improve students’ FCI and TUG results? 
- Is there corelation between FCI and TUG scores? 
- Can misconceptions be limited through ICT-enriched IBSE activities? 
- What graph-interpretation skills can be developed through ICT-enriched IBSE 

activities? 

2 Methods

In this empirical study, we investigate the impact of video-measurement and data-logging 
activities in inquiry lessons within the Vietnam context. The FCI and TUG were used for control 
and experiment groups. The selection of students for these experiment and control groups was 
based on the equivalence in results of grade-10 entrance mathematics test; note that the entrance 
to Vietnam high schools only require Mathematics, Literature-Linguistics and English.
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For the experiment group of 41 students, we designed and implemented 22-hour lesson series 
which integrate video-measurement and data-logging tools in students’ investigations on force 
and motion. Students captured motions in real life or in the laboratory in order to get suitable 
videos for video-measurement activities. 

For the same amount of time, on regular basis of two periods (45 minutes each) per week, the 
control group of 40 students was taught in traditional manner, neither ICT nor IBSE. The teacher 
in the control class mainly did lecturing and assigned students in two periods to do the practical 
work on measuring friction coefficient and gravitational acceleration.  

After the intervention, both experiment and control groups took FCI and TUG tests at the 
same time. The test results were analyzed and processed with the instrument given by the authors
(9). After these tests, the teacher discussed with students about the wrong answers and clarified 
misconceptions, misunderstandings and other reasons behind. This empirical part of this study 
was spread over one semester, from 15/9/2018 to 15/12/2018. FCI and TUG tests were 
downloaded from https://www.physport.org and translated into Vietnamese. The Vietnamese 
versions were piloted with 10 students and then adjusted to ensure students comprehending every 
test item. Due to the fact that Vietnamese students are often too serious about testing, we did not 
use FCI and TUG as pre-tests. Otherwise, students would prepare themselves too much during 
the learning on how to tackle these tests and so this would reduce reliability of the test results.

3 Results and findings 

Students of the experiment groups were engaged and interested in ICT-enriched IBSE 
activities. The data analysis shows that FCI and TUG scores of the experiment group (FCI: M =
20.75, SD = 4.48; TUG: M = 22.07, SD = 3.14) are higher than that of the control group (FCI: M
= 16.65; SD = 4.40; TUG: M = 17.67, SD = 4.06); the difference is statistically significant.

The correlation between the FCI and TUG test results was strong. The correlation coefficient 
for the control group was 0.17, while the one for the experiment group is 0.23. This finding 
matches with that of similar studies.  

The following table shows the performance of the both groups on each FCI cluster.
Cluster Items % correct (average) p value

Experiment group Control group
1. First Law 6, 7, 8,10, 11, 17, 23, 24, 25 61 % 50 % 0.02
2. Second Law 8, 9, 21, 22, 26 59 % 44 % 0.008
3. Third Law 4,15,16, 28 74 % 58 % 0.003
4. Kinematics 9, 12, 14, 19, 20, 21, 22 78 % 63 % 0.005
5. Superposition 8, 9, 11, 17, 25 60 % 45 % 0.011
6. Kinds of Forces 1, 2, 3, 5, 11, 12, 13, 14, 17, 

18, 27, 29, 30
69 % 61 % 0.041

For all clusters, performance of the experiment and control groups is statistically different.
The experiment group performed much better than the control one in the items related to 
Kinematics and Newton’s 3rd law. This shows the relevance and effectiveness of using video-
measurement tool in investigating motions and using data-logging tool in examining the 
relationship between action and reaction forces.

The following table shows the performance of the both groups on each TUG cluster.

Cluster Items % correct (average) p value
Experiment Control 
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group group
1. Determine the velocity from the position 
graph

5,13,18 80 % 60% 0.003

2. Determine the acceleration from the velocity 
graph

2,6,7 91 % 77 % 0.022

3. Determine the change of position in an 
interval from the velocity graph

4,19,23 94 % 77 % 9E-05

4. Determine the change of velocity in an 
interval from the acceleration graph

1, 10,16 81 % 67 % 0.004

5. Select the corresponding graph from a graph 11,14, 15, 21 71 % 61 % 0.063
6. Select a textual description from a graph 3,8,17,24 93 % 75 % 2E-04
7. Select a graph from a textual description 9,12,20,22,26 81 % 62 % 3E-04

Statistically difference in performance of the experiment and control groups is shown for
most topics. Only the difference in the cluster: “Select the corresponding graph from a graph”
is not statistically significant. The experiment group did the poorest for this cluster (71%) as 
well. It seems the ICT tools do not help students much in developing these cluster skills.

4 Conclusion

The integration of ICT tools as data logging with sensors and video measurement into IBSE
proves to be effective in enhancing students’ kinematics graph interpretation, deepening their
force conception and limiting misconception on force and motion in the Vietnamese context.
There is corelation between FCI and TUG scores as reported in some other studies. 
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Abstract. Studying chaotic systems at all levels of physics education might highly motivate students to learn 
physics. In this paper the experiences gained with Dynamics Solver (DS) freeware software applied for the 
investigation of chaotic systems are presented. It will be shown how DS can facilitate students’ first steps toward 
chaotic systems both at college and at secondary school level. Downloadable materials in ZIP format, related to this 
paper, can be found in our web page [1].

1. Introduction

Appearance of computers have opened a new dimension for physics research, a new field of 
physics came into existence; the computer simulation experimental physics. Using computer 
simulations we are able to obtain relevant quantitative information about systems which previously 
could not be studied at all, or could only be described qualitatively. Studying chaotic systems are 
one of the most important field of computer simulations. They are extremely important in physics 
education too, because their investigation can lead to a new point of view in understanding the 
relations between deterministic and probabilistic laws. The introduction of the chaotic systems in 
the curricula of the introductory courses of colleges or the investigation of simple chaotic systems 
in secondary schools can motivate students to understand physics more deeply. [2][3].

2. Aims and research assumptions 

However, to work with computers mostly needs intricate programming skills that might 
discourage students, or even if they have a go at the complicated manipulations it may distract 
them from the conceptual understanding of the material. The present paper has a double aim, on 
one hand we would like to introduce the DS software, as a simple aid for studying dynamic 
systems, on the other hand we suggest simple dynamic systems for introductory physics courses
to motivate students. Our assumption is that students would be able to concentrate much better to 
deep understanding of the basic concepts of chaotic motion if they perform standalone simulations 
that require little additional pre-study (programming knowledge).

3. Tools and investigations 

The DS is a freeware software which was developed for the simulation of the dynamic systems 
[4]. It does not need programming knowledge and skill at all. Authors of the present paper have 
applied it previously with success in their researches on chaotic systems [5][6][7][8]. In this paper 
the educational aspect of the use of DS is emphasized, discussing simple ways how students can 
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get acquainted with intricate concepts of chaos theory and how easily they can produce the maps
of the trajectories in the phase-space.

First, we demonstrate the utility of DS with the Duffing oscillator. It was used as a teaching aid 
in a BSc course of the Technological University of Kecskemét. A real oscillator was built up and 
students could study the real behaviour of the oscillator together with DS simulations. By changing 
the value of the parameters students can map the various types of the motion of the oscillator. The 
fractal character of the strange attractor can be convincingly experienced on representations
generated by DS.

Second, we deal with the motion of a compass needle which is under the influence of the 
superposition of a uniform standing and a uniform rotating magnetic field. The standing field
version of the system was studied by four groups of 17-19 year old secondary school students, as 
class activity. In the frame of a project work 10 students used DS to follow the motion of the 
compass in superposed field and to represent its motions in phase-space. In extra-hours a group of 
3 students created a video [9] from hundred various trajectories drawn in phase plane, to show how 
chaotic attractor depends on control parameters. In the presentation students’ self-autonomous 
research work concerning the analysis of the motion investigated will be demonstrated, also their 
creativity in the experimental and programming work will be exposed.

4. Conclusion. 

The study of the mathematical model of hardly realizable systems with simulations have led to 
exciting explorations. Simulations have revealed that under certain circumstances, simple systems 
which are controlled absolutely deterministic way exhibit unpredictable behaviour. Exploiting the 
advantageous properties of DS, students can focus on the understanding of the equations of motion 
of the systems and they are able to concentrate on the new concepts necessary to give an adequate 
description of this strange type of motion, what is called chaos.
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them from the conceptual understanding of the material. The present paper has a double aim, on 
one hand we would like to introduce the DS software, as a simple aid for studying dynamic 
systems, on the other hand we suggest simple dynamic systems for introductory physics courses
to motivate students. Our assumption is that students would be able to concentrate much better to 
deep understanding of the basic concepts of chaotic motion if they perform standalone simulations 
that require little additional pre-study (programming knowledge).

3. Tools and investigations 

The DS is a freeware software which was developed for the simulation of the dynamic systems 
[4]. It does not need programming knowledge and skill at all. Authors of the present paper have 
applied it previously with success in their researches on chaotic systems [5][6][7][8]. In this paper 
the educational aspect of the use of DS is emphasized, discussing simple ways how students can 

B01-3



322

  

Low Cost Gamma Spectrometers for Outreach and Education 
Ian G. Bearden  

University of Copenhagen, Niels Bohr Institute, Blegdamsvej 17, 2100 Copenhagen, Denmark 

Abstract. In this talk, we will deiscribe a low cost gamma spectrometer and a similarly low cost 
acquisition system, the Niels Bohr Institute Billige Gamma Spectrometer (NBI-BiGS).  These 
detectors are extremely good for introducing a number of topics at various educational levels, 
from secondary school to graduate courses in experimental physics.  Here we will concentrate on 
uses at the secondary school and first year university levels.  The talk will describe and discuss 
several collaborative outreach and education projects between the Niels Bohr Institute and Danish 
secondary schools as well as international collaborations at the University level. 

1 Introduction 

Many commercial systems are available for detecting radiation in educational settings.  These are 
often, but not exclusively, based on Geiger-Müller (GM) tubes.  Such detectors are typically read 
out either with a simple counter (a “black box” giving the number of counts in a user-chosen  
time interval )  or via proprietary electronics and software.  Neither of these invites the student to 
understand what is going on in the detector, how the pulses are generated, or how they are 
processed.  With the advent of inexpensive and easy to use electronics made possible via the 
“maker movement” systems of much lower cost and much higher transparency have become 
available. While such detectors allow students to begin to understand some nuclear and particle 
physics phenomena, they are extremely limited not least due to their inability to measure energy. 
  
We have developed a new inexpensive detector which is not subject to this limitation, at least for 
gamma radiation.  This system is not, based on GM tubes, but rather on a scintillator coupled to 
silicon photomultipliers (SiPM).  The SiPM is then read out via a low cost commercially 
available digital oscilloscope.  With an appropriate choice of scintillator (LYSO, in our case), it 
is possible to obtain gamma ray energy spectra.  We will describe briefly how well these 
detectors work (energy resolution, time resolution, efficiency) as well as how they can be used in 
both introductory and advanced physics labs.  We also note that these spectrometers are 
competitive in terms of performance with systems costing 10 to 20 times as much.  Their ease of 
use, openness, and low cost make them ideal for both teaching laboratories at the secondary and 
University levels.  

This talk will concentrate on teaching both University students and secondary school physics 
teachers to use these detectors in various activities and on the process of developing educational 
materials and approaches via a design->implementation->optimization feedback loop.  
 

2 Implementations in Outreach and Education 

These detectors have been used in both teaching undergraduate students at the University 
of Copenhagen, and have been the subject of a number of national and international 
workshops, aimed primarily at secondary school physics teachers, over the past year. One 
such workshop was the EPS invited workshop on gamma spectroscopy given at the GIREP 
conference in July 2018.  Participants in this workshop were given NBI-BiGS to use in their 
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home institutes. We will describe the workshops and their evolution under the seelction 
pressure of highly knowlegable, interested workshop participants.  

3 Mini-PET Scanner 

Two of these detectors can be operated in coincidence to detect the annihilation gammas 
resulting from beta+ decays. This model, though small and simple, illustrates very well how PET 
scanners function and can be used both to illustrate the basic physics principle that mass and 
energy are, in fact, equivalent, as well as the “everyday” application of this physics in 
hospitals.     

4 Environmental Monitoring 

 
Finally, we will discuss a longer term cooperative project with a Danish secondary school 

to build and characterize these detectors for use in enviromental monitoring in the area around 
the Daichi nuclear plant near Fukushima, Japan.  As part of this project we will investigate the 
extent to which these simple extremely inexpensive detector can be used to detect increased 
levels of 137Cs in the vicinity of nuclear reactors which have experienced uncontrolled 
releases of fission products. 
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Web 2.0 applications as the tools of motivation 
in Secondary Physics Education 

Ildiko Takátsné Lucz

Budapest 2nd District Szabó Lőrinc Bilingual Primary and Secondary School,  

Pasaréti str.191-193.1026 Budapest 

Abstract.The aim of this study is to introduce some effective methods of integrating 
educational web 2.0 apps into Physics lessons, to share some experience and ideas how to use 
them as a tool to support learning and make students more active in this process. During the 
lecture a short insight into the procedure will be given, how these modern techniques can 
develop students’ collaboration skills, foster their creativity, give opportunity to deal with 
differentiated learning problems and, last but not least, highlight the changes in students’ 
attitude towards learning Physics.

1 Introduction 

 As society constantly changes students need to meet new challenges. They are required to 
acquire some more new skills such as digital, problem solving, critical thinking, collaboration 
skills and creativity, so new techniques and pedagogical models are needed to prepare them 
for their future life. This lecture will focus on how educational apps can help to achieve these 
goals. 
 As being a secondary school teacher the tasks and some experience to be shared were 
created for students aged between 15 and 19, at an intermediate level. After giving general 
information about educational apps[1] and their use in Physics lessons, three types of them
will be introduced in detail (apps for collaboration, for making different tasks and integrating 
some elements of gamification into Physics lessons). The content of these apps was edited by 
me. Some information how to make conclusions by analysing the app’s reports of the 
students’ results will be shared in order to find the best way to improve their knowledge.

2 Methods 

 During classroom activities students used their own devices (smartphones or tablets). 
The most popular and frequently-used apps were: 

 eTwinning (international platform for collaboration) and Padlet (virtual dashboard):
students used them for sharing collected data and the results of their research work, 
making comments how to continue team work. They could monitor the work of the 
other groups. They used the chat option for quick information exchanges. Teachers 
involved in the project shared ideas and teaching resources, uploaded tasks, news and 
information related to the topic, controlled the students’ work, gave them help if 
needed through the platform. It was a real social network for team work.

 StudyStack[2]: by typing the questions and the answers (for example the definitions 
and their descriptions) different flashcards and study games can be created at the same 
time. It is an easy and enjoyable way of acquiring information. 
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 GeoGebra: a short insight will be given into its use to supplement Physics experiments 
 Kahoot and Quizizz[3][4]: elements of gamification integrated into classroom 

activities. Both of them are good for warming up or checking the students’ knowledge 
in a topic.

3 Conclusion/Results  

The students were required to fill in a pre-questionnaire about their prior knowledge in 
the current topic and their attitude towards Physics. At the end of the process they gave a 
feedback. Based on these forms it can be concluded that students became more motivated.
 Moreover, a wide range of the participants’ skills and competences were developed.
During the projects students learned how to search for new information self-autonomously 
and to share them. They learned the critical use of information, how to communicate and 
participate in collaborative activities. Some changes in students’ attitude could be realised in
taking more responsibility in team work and becoming more motivated as they were active 
participants of the learning process. 

4   Additional results 

 As a result of leading some workshops and sharing my experience with colleagues more 
and more of them began to integrate apps into their lessons and make reports about similar 
changes. 
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Jupyter technology of interactive multimedia notebooks 
in teaching flipped calculus for physicists 

Jozef HANČ, Eva PAŇKOVÁ
Institute of Physics, P.J. Šafárik University in Košice, 040 01, Košice, Slovakia

Abstract. We present our pedagogical experience from teaching calculus for physicists at the 
university level in the form of flipped learning using Jupyter interactive notebooks 
(http://jupyter.org). Our multi-year results indicate not only better-prepared, motivated students 
during teaching, but also earlier and faster introducing key concepts of single variable and 
multivariate calculus with better conceptual mastery as it is in the case of traditional approaches.

1 Teaching calculus for physicists 

Higher mathematics courses for physicists at universities, single variable and multivariate 
calculus, are still taught by the standard deductive scheme: definition, theorem, proof, and 
example. Such approach typically leads to the lack of conceptual understanding, incorrect mental 
representations, and problems with recognizing and applying math ideas in introductory physics.  

The calculus reform [3, 4] addressed these issues in the US during the ’80s and ’90s of the 
twentieth century. Similarly, as in physics education research [8], the reform completely re-
thought the calculus curriculum for non-majors in math. The reform brought two key ideas for 
math education of physicists. The first one, calculus must be a pump, not a filter, consists in less 
details in logical rigor, but clear and transparent presenting key ideas in the form of active and 
inductive learning with substantially more real applications and interdisciplinary connections. 
The second one, using technology, relates to “Rule of Four” for presenting the ideas at the same 
time graphically, numerically, symbolically and verbally, which results in better mental models 
of students. 

2 Flipped learning and Jupyter multimedia notebooks in calculus

To get an extra in-class time for more complex, interdisciplinary applications, stronger 
students’ motivation with less information overloading, we apply flipped learning [2, 5, 10] of
calculus in the spirit of the calculus reform with combination of innovative introductory 
mechanics and electromagnetism textbooks [1, 9].

As for technology, we decided for Jupyter notebooks technology ([6, 7, 11],
https://jupyter.org/). This technology is an open source, free interactive computing environment, 
accessible through a modern web browser, that enables teachers and students to use, modify or 
create interactive multimedia educational documents, which include live code (e.g. Python,
SageMath, Javascript), interactive computations, equations, simulations, plots, images, narrative 
texts, annotations, audios or videos (see an example in fig. 1).

Regarding didactical research, our multi-year experience shows that the proper integration of 
Jupyter technology in the frame of flipped calculus leads to better results as in the case of the 
traditional approach. To be more specific, in our contribution we will provide more detailed 
answers to the following research questions: Is the Jupyter technology directly and easily 
applicable in real conditions? What typical difficulties are faced by students in that case? What 
quality of conceptual understanding, motivation, and metacognition can be achieved?
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Fig. 1 Excerpt from a Jupyter Sage notebook with a narrative text, formulas and 3D interactive graph
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System for Force Measures using Smartphone and ESP32
Microcontroller

Arquimedes LUCIANO, Ana Paula GIACOMASSI LUCIANO, 

AREA Educacional, 856 Francisco Glicerio, 87030-050, Maringá, Brasil

Marcelo ALVES BARROS

IFSC USP , 400 Av do Trabalhador São-carlense, 13566-590, São Carlos, Brasil

Hélio TAKAI

Pratt Institute, 200 Willoughby Av, Brooklyn, 11205 New York, USA

Abstract.  Young students have used the smartphone as an internet connection tool. Considering

the increased use of this device we developed a didactic resource to study physical measures using

the  smartphone.  As  a  data  acquisition  device  was  used  an  ESP32  microcontroller  that  has

embedded Bluetooth technology allowing the wireless connection between the data acquisition

device and the data observation device. Experimental activities carried out with elementary and

middle school students of Brazilian schools reveal that such didactic resource support the learning

of physics concepts, allowing the interrelationship between concepts of mechanics and electricity.

1 Introduction 

According to current data on the use of information technology, we can see that such

technological media as personal computers and smartphones are already part of students' daily

life  according  to  Hanesova's  work  [1],  describing  that  “7-year-old  children  already  feel

comfortable using iPad, computers or smartphones “. Corrosion of this thesis shows that the data
provided  by  Milanesi  and  Atwal  [2]  show  us  a  trend  of  increase  in  the  consumption  of

smartphones in front of a decrease in the purchase of notebooks. This trend indicates that new

didactic resources should also be designed to act on this digital platform in order to use it as a

learning tool in the classroom.

For this, we describe in this work the construction of a didactic resource and its use by

elementary and middle school students of Brazilian schools. The feature consists of a mechanical

force sensor, constructed from electrically conductive paint. And this sensor was connected to a

microcontroller that converts the electrical signals coming from the sensor into digital signals

sent by a Bluetooth connection to the students' smartphones.

This  resource  was  planned  considering  the  reality  presented  on  the  availability  of

smartphones by students who participated in the research,  allowing students to compare the

values obtained by the force sensor built with spring dynamometers also available during the

experimental activity.

2 Methodology

This  research  is  characterized  by an action  research  that  according to  Thiollent  [3]

represents a way of social investigation conceived and carried out with the resolution of a

problem in which researchers  and participants  are involved cooperatively.  Thus,  using an

application running on the smartphone the student is able to evaluate the applied force on the

sensor and thus perform various physics experiments associated with the matter of forces.

For the construction of the sensor we used an electrically conductive graphite based

paint that was applied on a flexible surface. Thus, when a deformation occurred on the surface
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of  the  substrate  material  this  promoted  a  change  in  the  size  of  the  conductive  material

producing a change in the value of the electrical resistance of the sensor. Thus, when higher

the flexion of the sensor greater the change in electrical resistance,  according to the Ohm

equation for a linear resistor:

R=
ρ ⋅ l

A
(1)

The  measurements  were  performed  using  one  of  the  analog  channels  of  an  ESP-32

microcontroller that has Bluetooth connection capability. This microcontroller was programmed

using the Arduino programming platform. Thus, transmitting the data to a host application that

worked on students' smartphones.

Applying a didactic sequence prepared by us, we used this didactic resource in a group of

200 elementary and middle school students from Brazilian schools. The students were able to

perform  force  measurements  comparing  the  values  obtained  by  the  apparatus  with  force

measurements performed using a spring dynamometer. The intention of the activity was to allow

these students to appropriate  knowledge about the mechanical forces that surround it  as the

action  of  the  gravitational  force  using  an  apparatus  more  in  line  with  their  technological

experience  and at  the  same time  rescuing discussions  about  the science  and history of  the

mechanical measuring devices.

The students  were  asked before  conducting  the  activity  on  the  relations  between  the

mechanical measures and the possible electrical measurements.

3 Conclusion

It is also interesting to compare smartphone usage data with data collected by the OECD [4]

during PISA, which indicates that about 91% of 15-year-old students have a smartphone while

74% have access to a notebook and only 60 % use desktop computers. In this way we believe

that the digital resource proposed by us to include experimental activities of mechanical physics

presents a favourable potential for learning, since it is presented in the media most used by these

students.

At the first moment that the students were questioned about the experiment, they could not

establish  a  relationship  between  the  mechanical  stresses  on  the  sensor  and  the  electrical

resistance, and another 85% indicated that they did not know how to read this measurement if

there was a relation.
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Mobile APPs on optics as a working experience integrated in 
secondary school curriculum: role and competence gain

Daniele BUONGIORNO, Marisa MICHELINI

Physics Education Research Unit, Department of Mathematics, Informatics and Physics, University of 
Udine, Via delle Scienze, 206, 33100, Udine, Italy

Abstract. To promote students' working competences, an educational strategy, named "school-
work integration" was implemented in Italian secondary school curricula. 71 17-18 y.o. students 
from a Scientific Lyceum were involved in such an activity during which they performed 
technical analysis of mobile APPs allowing qualitative and quantitative measures on optics and 
spectroscopy, providing technical reports and designing experiments. The aim is to go beyond the 
simple use of APPs in lab, creating an opportunity for students to re-elaborate their knowledge in 
a different environment. Students' needs, difficulties and learning outcomes are systematically 
monitored thanks to a tight cooperation between school and university.

1 Introduction

In order to promote students' working competencies, autonomy in study and orienting skills, 
the Italian Ministry of Education introduced a mandatory school-work integration for students 
attending the last three years of secondary school consisting in a 200-hours cooperation between 
school and employment reality. Public institutions, University in particular, are possible contexts
for those kind of working experiences.

Our Physics Education Research Unit promotes smartphone mobile APPs as a context to 
integrate new technologies in teaching/learning physics [1] offering, at the same time, a working 
experience [2]. Research in physics education can contribute to the design of such educational 
and formative modules focusing on a specific topic. In order to promote analysis of the technical 
charachteristics of different APPs, to stimulate students in working in a data collection plan for 
producing a significant technical and data reports, one module, focused on the topic of optics and 
spectroscopy was designed and carried out with 71 17-18 years old students from the Italian 
Scientific Lyceum L. da Vinci (Treviso).

The focused topic was decided in a cooperation between the involved school teachers and our 
research group according to the scholastic level of the students and the topics addressed in the 
scholastic year. The research dimension of the activities is embedded in the following research 
questions:

RQ1. How do students identify and compare the peculiar characteristics and performances 
of mobile APPs for physics measurements on optics developing critical thinking?
RQ2. How do students plan, implement and perform experiments using the explored 
APPs?
RQ3. How does lab work contribute in integrating instruction and operative tasks 
promoting specific learning and competences?

2 Implementation of the module

The whole activity is designed in order to allow students to have an active and interactive 
role: they have the responsibility of finding solutions to problems posed to them in the form 
of conceptual stimuli, suggestions of experiments and overviews of phenomenological aspects 
related to optics. Following this approach, in which instruction does not consist an organic 
pathway, it is possible to examine the extent to which students' responsibility activates 
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of  the  substrate  material  this  promoted  a  change  in  the  size  of  the  conductive  material

producing a change in the value of the electrical resistance of the sensor. Thus, when higher

the flexion of the sensor greater the change in electrical resistance,  according to the Ohm

equation for a linear resistor:

R=
ρ ⋅ l

A
(1)

The  measurements  were  performed  using  one  of  the  analog  channels  of  an  ESP-32

microcontroller that has Bluetooth connection capability. This microcontroller was programmed

using the Arduino programming platform. Thus, transmitting the data to a host application that

worked on students' smartphones.

Applying a didactic sequence prepared by us, we used this didactic resource in a group of

200 elementary and middle school students from Brazilian schools. The students were able to

perform  force  measurements  comparing  the  values  obtained  by  the  apparatus  with  force

measurements performed using a spring dynamometer. The intention of the activity was to allow

these students to appropriate  knowledge about the mechanical forces that surround it  as the

action  of  the  gravitational  force  using  an  apparatus  more  in  line  with  their  technological

experience  and at  the  same time  rescuing discussions  about  the science  and history of  the

mechanical measuring devices.

The students  were  asked before  conducting  the  activity  on  the  relations  between  the

mechanical measures and the possible electrical measurements.

3 Conclusion

It is also interesting to compare smartphone usage data with data collected by the OECD [4]

during PISA, which indicates that about 91% of 15-year-old students have a smartphone while

74% have access to a notebook and only 60 % use desktop computers. In this way we believe

that the digital resource proposed by us to include experimental activities of mechanical physics

presents a favourable potential for learning, since it is presented in the media most used by these

students.

At the first moment that the students were questioned about the experiment, they could not

establish  a  relationship  between  the  mechanical  stresses  on  the  sensor  and  the  electrical

resistance, and another 85% indicated that they did not know how to read this measurement if

there was a relation.
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creative and original proposals, as well as to help them to promote a critical self-evaluation 
stimulating the internal coherence of the proposals and the analysis, improving in this way 
their competences.  

This school-work experience on optics and spectroscopy consists in five meetings, about once 
a month. During the first plenary meeting students are shown the general phenomena that can be 
described with the laws of geometrical optics and the phenomenology of light interaction with 
Polaroid filters, with the request of producing a report on the some qualitative experiments. In 
the second meeting the functionalities of different mobile APPs able to perform quantitative 
measures of light intensity using the Smartphone's light sensor, were shown presenting to 
students an overview of the possible experiments that could be performed. At the end of the 
activity, students were asked to prepare for the next session ideas for implementing the use of 
APPs in experimental activity, together with an individual study of the technical carachteristics, 
potentialities and limits of every APP. The following meetings serve to students to show their 
experimental proposals, discuss the encountered problems and to give them feedback on how to 
proceed the autonomous analysis and reporting also concerning experiments on optical 
spectroscopy involving the building of a simple spectroscope to be coupled with a Smartphone to 
analyze different spectra with dedicated APPs. 

The activity is implemented in the scholastic curricula in a plenary introductive lesson, an 
intervention module on different APPs, students' individual technical exploration of every 
APP, conduction of the planned experiments, reporting of ongoing activity with discussion on
encontered difficulties and guidelines for the designing a technical booklet.

An iterative analysis of students' learning outcomes (answering to open-ended questions 
and facing problem-solving activities) and products (as proposal of experiments and APPs 
tests) allow to monitor the whole process and to give students specific feedback on how to 
proceed as in a real working environment. 

3 Conclusion 

The activity will end in May 2019. Since the research is focused on the analysis of the 
activated operative competences after the assignments of explorative and operative tasks, aspects 
regarding the professionalizing role of mobile APPs in developing competences beyond the 
simple producing of a scholastic report will be analyzed. In particular a focus will be put on 
students' chosen experiments for testing the APPs, in relation with the given suggestions (do 
students perform only the suggested experiments? To which extent the use of APPs activates 
new ideas? Are APPs described according to their functionalities?). The chosen and performed 
experiments will be analyzed focusing on the identification of the scientific learning 
methodological aspects put into practice and on how those aspects are transformed into 
competences (are experiments designed and performed on a quantitative or qualitative level?
How do students overcome the encountered difficulties?). Beyond the creative and coherence 
aspects of the proposals, a special analysis will be performed regarding the elements considered 
"learning outcomes" for that scholastic level gained thanks to the lab work or, in other words, 
how working activities embedded in the scholastic curriculum in which students are not strictly 
guided but rather suggested, promote further gaining of knowledge. 
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a month. During the first plenary meeting students are shown the general phenomena that can be 
described with the laws of geometrical optics and the phenomenology of light interaction with 
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measures of light intensity using the Smartphone's light sensor, were shown presenting to 
students an overview of the possible experiments that could be performed. At the end of the 
activity, students were asked to prepare for the next session ideas for implementing the use of 
APPs in experimental activity, together with an individual study of the technical carachteristics, 
potentialities and limits of every APP. The following meetings serve to students to show their 
experimental proposals, discuss the encountered problems and to give them feedback on how to 
proceed the autonomous analysis and reporting also concerning experiments on optical 
spectroscopy involving the building of a simple spectroscope to be coupled with a Smartphone to 
analyze different spectra with dedicated APPs. 

The activity is implemented in the scholastic curricula in a plenary introductive lesson, an 
intervention module on different APPs, students' individual technical exploration of every 
APP, conduction of the planned experiments, reporting of ongoing activity with discussion on
encontered difficulties and guidelines for the designing a technical booklet.

An iterative analysis of students' learning outcomes (answering to open-ended questions 
and facing problem-solving activities) and products (as proposal of experiments and APPs 
tests) allow to monitor the whole process and to give students specific feedback on how to 
proceed as in a real working environment. 

3 Conclusion 

The activity will end in May 2019. Since the research is focused on the analysis of the 
activated operative competences after the assignments of explorative and operative tasks, aspects 
regarding the professionalizing role of mobile APPs in developing competences beyond the 
simple producing of a scholastic report will be analyzed. In particular a focus will be put on 
students' chosen experiments for testing the APPs, in relation with the given suggestions (do 
students perform only the suggested experiments? To which extent the use of APPs activates 
new ideas? Are APPs described according to their functionalities?). The chosen and performed 
experiments will be analyzed focusing on the identification of the scientific learning 
methodological aspects put into practice and on how those aspects are transformed into 
competences (are experiments designed and performed on a quantitative or qualitative level?
How do students overcome the encountered difficulties?). Beyond the creative and coherence 
aspects of the proposals, a special analysis will be performed regarding the elements considered 
"learning outcomes" for that scholastic level gained thanks to the lab work or, in other words, 
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 Smartphone sensors and video analysis: two allies in the Physics
laboratory battle field

Arturo C. MARTÍ
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Recently,  two  technologies:  video  analysis  and  mobile  device  sensors  have  considerable
impacted Physics teaching. However, these techniques are usually used independently. Here, we
focus  on  a  less-explored  feature:  the  possibility  of  using  supplementary  video  analysis  and
smartphone (or other mobile devices) sensors. We present some experiments, mainly related to
kinematics and dynamics. In general, video analysis provides distance or angular variables, while
sensors gives velocity or acceleration (either linear or angular). The comparison between the two
techniques offers an opportunity to discuss not only concepts related to the specific experiment
but also with the experimental and numerical aspects.

1Video analysis and smartphone sensors in the laboratory

Two technologies  have been introduced  in  the  classrooms and Physics  laboratories.
First, the use of video analysis, i.e., the automatic tracking of objects, frame by frame, in a
digital video, either obtained directly by students or from an open repository. Secondly, more
recently,  numerous  smartphone-based  physics  experiments  have  been  proposed  in  the
literature.  These  experiments  take  advantage  of  the  built-in  smartphone  sensors  as  the
accelerometer,  gyroscope  (angular  velocity  sensor),  magnetometer,  proximeter,  luxometer
(ambient light), pressure (barometer) among others. As a general rule, these recent physics
experiments are based on one or the other technology but seldom on both of them [1,8]. As
we consider that this capability has not been fully exploited, in this presentation we discuss
some experiments  involving both video analysis  and smartphone sensors and,  at  the end,
present some perspectives.

2 Some experiments

Next, we present some Physics experiments published in the literature located in the
intersection  of  the  mentioned  techniques.  The  physical  pendulum,  one  of  the  most
paradigmatical mechanical system, was  studied from this dual perspective [1-2]. In this setup,
a smartphone affixed to a bicycle wheel was subject to both rotational and oscillatory motion.
Thanks to the smartphone’s capabilities two acceleration components and the angular velocity
can be readily obtained. Several activities, at different educational levels, can be proposed
from this experiment. 

An important  aspect,  not always highlighted,  is that  accelerometers  provide,  not the
real acceleration in the laboratory frame of reference but an apparent acceleration, including
gravitational contributions, in a moving frame [2]. This constraint, resulting from application
of the equivalence principle, can be eluded complementing the accelerometer measures with
those from the gyroscope sensor to yield real acceleration values. This somewhat abstract
procedure  can  be  convincingly  corroborated  by  comparison  with  the  independent  data
determined by video analysis. 
 From an operational point of view, thanks to the gyroscope sensor, angular velocity is
directly  obtained whereas  the  analysis  of  video required  the  calculation  of  the  numerical
derivative  of  the  angle.  This  procedure  is  not  exempt  from  uncertainties:  the  numerical
calculation of the derivative, the loss of precision due to the acquisition time of the digital
camera and the tracking of the object frame by frame. Then, this is the occasion to discuss
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noise component in the data of angular velocity and, especially, acceleration, compared with
the measurements made directly by the angular velocity sensor.

Roating  whells are  also  well  suited  to  this  kind  of  strategy  [4].  One  motivating
experiment  is  that  of  a  disc  or  cylinder  initially  rolling  with  slipping  on  a  surface  and
subsequently  transitioning  to  rolling  without  slipping.  This  experiment  serves  to  clearly
demonstrate  the  transition  from  rolling  with  slipping  to  rolling  without  slipping.  In  the
experiment, a rotating bicycle wheel was placed in contact with a horizontal surface and the
wheel  in  motion  was  tracked  using  Tracker  video  analysis  software  [9].  A  smartphone
properly  fixed  to  the  whell  enables  to  obtain  supplementary  measurements  of  linear  and
angular accelerations.

Stroboscopic  photographs. A  few  decades  ago,  several  kinds  of  motions,  linear,
circular,  collisions,  were frequently  in  classrooms analyzed  using  stroboscopic  photos.  In
occasions, the photos were taken (and developed) by the students but in many cases they were
photocopied from standard books. Using the well-known software Tracker (or other apps), it
is easy to create stroboscopic photographs from digital  films in order to analyze  [3]. The
advantage of this procedure is that it is possible, for the students, to analyze the printed photo
on a computer screen in an intuitive way. The movement of a remote control car, an elastic
planar collision, the movement of a projectile and also an experiment in electromagnetism,
more specifically, the discharge of a capacitor measured using an analog multimeter.

The  dynamics  of  a  traditional  toy,  the  yoyo, also  provides  the  opportunity  to  be
investigated  using  video  analysis  and  smartphone’  sensors  [8].  In  particular,  using  the
gyroscope the angular  velocity  is  measured and can be complemented  thanks to  a digital
video analysis. As the yoyo is a ubiquitous, simple and traditional toy this simple proposal
could encourage students to experiment with everyday objects and modern technologies.

3Conclusion

 As appreciated  in  the  discussed examples  the  supplementary  use of  video analysis  and
smartphone sensors is a valuable tool. Many other experiments as the string, conical or double
pendulums can be dealt with this approach.
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Abstract. How students plan and conduct experimental inquiry has been a major focus in science 
education research. However, experimental inquiry is not representative for all scientific 
investigations, which can lead to students thinking that there is a “single scientific method”. We 
are currently developing learning environments that focus on another type, namely correlational 
investigations, using environmental data. Due to the increased variability in environmental data, 
ideas of inferential statistics are of extreme importance because causal relationships cannot be 
directly derived. Hence, the focus of our study is how students make use of their statistical 
knowledge while conducting correlational investigations. 

1 Theoretical Background 

When looking at students’ ideas about scientific inquiry we often find a limited perspective, 
reduced to “the single scientific method”. According to Lederman et al. [1], this may be due to the 
overemphasis on the classical experimental design in science instruction, which is neither 
representative for all scientific investigations, nor is there a “prototypical type”. Yet, in general, it 
is possible to categorize at least three different types of investigations: descriptive, correlational 
and experimental. The design and undertaking of experimental investigations has been the focus 
of educational research for the past decades, but there is lack of knowledge about how students are 
able to plan and conduct correlational investigations, for example with meteorological or 
environmental data. When doing so, students need to interpret data while taking the uncertainty 
present in the data into account. However, methods of inferential statistics like regression models 
are often not accessible to students enrolling in science-related studies, at least not until the later 
stages of their studies. Hence, there is a need to facilitate students’ ability to interpret empirical 
data without the use of advanced formal inferential statistics.

In statistics education literature, informal statistical inference or informal inferential reasoning 
has received increased attention [2] when it comes to interpreting empirical data in a meaningful 
way. Hence, informal inferential reasoning serves as the first pillar of our theoretical framework.
Due to the nature of correlational investigations, the PPDAC-cycle developed by Wild & 
Pfannkuch [3] serves as our second pillar for the design of learning environments addressing this 
issue. This Problem-Plan-Data-Analysis-Conclusion inquiry cycle covers all the steps involved 
when conducting inquiry. Still we want to mention that this model is merely a prototypical set of 
steps involved in scientific investigations with students. In our study, we developed a learning 
environment which aims to support the development of students’ statistical thinking and reasoning 
skills in correlational investigations that use real data from online data repositories. We use the 
software TinkerPlots that works well for our purposes and can also be used with school students.

2 Focus of the study – Research questions – Methods

In our study, our goal is to figure out how students make use of their statistical knowledge while 
conducting correlational investigations using real and authentic data from online data repositories. 
Because of the societal relevance, we have chosen particulate matter (PM10) as the context for our 
learning environment. In this learning environment, we provide students with environmental data 
(temperature, precipitation, humidity, temperature inversion, …) including PM10-concentration 
from meteorological stations in a city in Austria for the winter seasons from 2014/2015 until 
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noise component in the data of angular velocity and, especially, acceleration, compared with
the measurements made directly by the angular velocity sensor.

Roating  whells are  also  well  suited  to  this  kind  of  strategy  [4].  One  motivating
experiment  is  that  of  a  disc  or  cylinder  initially  rolling  with  slipping  on  a  surface  and
subsequently  transitioning  to  rolling  without  slipping.  This  experiment  serves  to  clearly
demonstrate  the  transition  from  rolling  with  slipping  to  rolling  without  slipping.  In  the
experiment, a rotating bicycle wheel was placed in contact with a horizontal surface and the
wheel  in  motion  was  tracked  using  Tracker  video  analysis  software  [9].  A  smartphone
properly  fixed  to  the  whell  enables  to  obtain  supplementary  measurements  of  linear  and
angular accelerations.

Stroboscopic  photographs. A  few  decades  ago,  several  kinds  of  motions,  linear,
circular,  collisions,  were frequently  in  classrooms analyzed  using  stroboscopic  photos.  In
occasions, the photos were taken (and developed) by the students but in many cases they were
photocopied from standard books. Using the well-known software Tracker (or other apps), it
is easy to create stroboscopic photographs from digital  films in order to analyze  [3]. The
advantage of this procedure is that it is possible, for the students, to analyze the printed photo
on a computer screen in an intuitive way. The movement of a remote control car, an elastic
planar collision, the movement of a projectile and also an experiment in electromagnetism,
more specifically, the discharge of a capacitor measured using an analog multimeter.

The  dynamics  of  a  traditional  toy,  the  yoyo, also  provides  the  opportunity  to  be
investigated  using  video  analysis  and  smartphone’  sensors  [8].  In  particular,  using  the
gyroscope the angular  velocity  is  measured and can be complemented  thanks to  a digital
video analysis. As the yoyo is a ubiquitous, simple and traditional toy this simple proposal
could encourage students to experiment with everyday objects and modern technologies.

3Conclusion

 As appreciated  in  the  discussed examples  the  supplementary  use of  video analysis  and
smartphone sensors is a valuable tool. Many other experiments as the string, conical or double
pendulums can be dealt with this approach.
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2017/18. The goal for the students is thereby to identify relevant factors that influence PM10-
concentration. Doing so, the students need to develop their own research questions in pairs,
carefully select the data from the whole sample, create graphical representations using the software 
TinkerPlots, interpret these graphical representations and then formulate conclusions.

Following a Design-Based-Research-Approach [4], we are currently in a first evaluation-cycle
with N = 36 students enrolled in two courses in a teacher training program for physics. The goal 
of this first evaluation cycle has two dimensions: First, we want to take a closer look into how 
students use and combine their statistical knowledge with their contextual knowledge while 
conducting their investigations. To do so, the students need to fill in a “working protocol” and 
discussions during the learning environment are audio recorded. Second, we want to evaluate our 
design criteria in order to enhance and improve our learning environment. To do so, students fill
in a feedback sheet after the intervention, consisting of a few demographic questions, parts of the 
intrinsic motivation inventory [5], adapted PISA-scales to measure the cognitive learning activity 
as well as the perceived relevance of the learning content and a few content related open questions.
All scales ranged from one (=low agreement) to four (= high agreement). The “working protocol” 
and the open questions from the feedback will be analysed by means of qualitative content 
analysis. The audio-recorded discussions serve as an enrichment for the analysis of the working 
protocols.

3 Results and Conclusion

In the presentation, results from this first evaluation cycle will be presented. All used scales 
showed sufficient reliability (Cronbachs’ Alpha: . 76 < 𝛼𝛼 <  .89). First analysis of the feedback 
shows that the learning environment seems to work well. However, although the used software 
TinkerPlots has a very intuitive approach, students need enough time to explore the different 
functions of the software in order to create graphical representations of the data that are
interpretable in a meaningful way. A detailed analysis of the sample will be presented at the 
conference. A first overlook shows that students approach the learning environment in very 
different ways: Some of them only formulate one research question, which they investigate in 
multiple ways using multiple representations of the same relationship in order to ensure their 
conclusion. Some students develop several research questions and base their conclusion on only 
one graphical representation. One major aspect in the presentation at the conference will be how 
the students reflect the uncertainty present in the data in their conclusions.
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Abstract. Easy JavaScript Simulations (EjsS) is a popular and powerful authoring toolkit for the 
creation of open source HTML5-compliant JavaScript simulations. This paper focuses on 
developing a Learning Analytics extension in Moodle for EjsS, capable of monitoring interactions 
with the simulation (e.g. mouse clicks, states of buttons and sliders, variable assignments). This 
extension was piloted with educational physics simulations. Data on learners can be visualised in 
real-time on the instructor dashboard, allowing instructors to better understand the learning process 
and modify classroom instruction accordingly.

1 Introduction  

Easy JavaScript Simulations (EjsS) [1] is an authoring toolkit that provides instructors with a 
click-and-drag interface for generating HTML5-compliant JavaScript simulations or virtual 
laboratories. These simulations are open-source and easily edited, and are hosted on Open Source 
Physics collections at the American Association of Physics Teachers AAPT-ComPADRE1 and 
the Singapore digital library2. Online simulations are ideally suited to capture and harness the 
wealth of digital data on the learning process, in what is known as learning analytics3 – the data-
driven analysis of learning activities and environments. In our work, we prototyped the Learning 
Analytics-Moodle extension for EjsS, which is capable of monitoring learning activities 
(interactions such as mouse clicks, states of the combo boxes, sliders, input to variables, number 
of attempts, etc) on our educational physics simulations hosted in a Moodle course. 

2 Learning Analytics-Moodle Extension for EjsS Virtual Laboratories

Incorporating learning analytics into the EjsS authoring toolkit as a Moodle extension allows 
student data to be captured, so that instructors can make evidence-based teaching decisions, both 
in real-time as well as for future lessons. For example, instructors might have an idea of what the 
ideal use of simulations might look like, and classify students based on whether they display such 
patterns of interaction with the simulations.

In addition, for distance-learning scenarios where obtaining such feedback is even more 
valuable, this learning analytics extension could help inform and improve simulation design. 

                                                 
1 https://www.compadre.org/osp/
2 https://iwant2study.org/ospsg/ 
3 http://www.open.ac.uk/blogs/innovating/?page_id=582
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2017/18. The goal for the students is thereby to identify relevant factors that influence PM10-
concentration. Doing so, the students need to develop their own research questions in pairs,
carefully select the data from the whole sample, create graphical representations using the software 
TinkerPlots, interpret these graphical representations and then formulate conclusions.

Following a Design-Based-Research-Approach [4], we are currently in a first evaluation-cycle
with N = 36 students enrolled in two courses in a teacher training program for physics. The goal 
of this first evaluation cycle has two dimensions: First, we want to take a closer look into how 
students use and combine their statistical knowledge with their contextual knowledge while 
conducting their investigations. To do so, the students need to fill in a “working protocol” and 
discussions during the learning environment are audio recorded. Second, we want to evaluate our 
design criteria in order to enhance and improve our learning environment. To do so, students fill
in a feedback sheet after the intervention, consisting of a few demographic questions, parts of the 
intrinsic motivation inventory [5], adapted PISA-scales to measure the cognitive learning activity 
as well as the perceived relevance of the learning content and a few content related open questions.
All scales ranged from one (=low agreement) to four (= high agreement). The “working protocol” 
and the open questions from the feedback will be analysed by means of qualitative content 
analysis. The audio-recorded discussions serve as an enrichment for the analysis of the working 
protocols.

3 Results and Conclusion

In the presentation, results from this first evaluation cycle will be presented. All used scales 
showed sufficient reliability (Cronbachs’ Alpha: . 76 < 𝛼𝛼 <  .89). First analysis of the feedback 
shows that the learning environment seems to work well. However, although the used software 
TinkerPlots has a very intuitive approach, students need enough time to explore the different 
functions of the software in order to create graphical representations of the data that are
interpretable in a meaningful way. A detailed analysis of the sample will be presented at the 
conference. A first overlook shows that students approach the learning environment in very 
different ways: Some of them only formulate one research question, which they investigate in 
multiple ways using multiple representations of the same relationship in order to ensure their 
conclusion. Some students develop several research questions and base their conclusion on only 
one graphical representation. One major aspect in the presentation at the conference will be how 
the students reflect the uncertainty present in the data in their conclusions.
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Analysing the detailed log of all user interactions with the simulation could provide insight into 
possible learning challenges or issues with navigating the simulation.

The Moodle extension4 that we have developed monitors and records, in real-time, all the 
student interactions with the Easy JavaScript Simulation. This information is displayed on the 
instructor’s dashboard with a metric of each individual students’ degree of being “on task” and 
also shows students’ current state on the simulation.

Fig. 1 EjsS Simulation (left) and the Student Interaction Summary displayed in Moodle (right)

The Moodle extension (plugin) is installed on the Open Source Physics at Singapore (OSP@SG) 
server5, and provides learning analytics capability for teachers running courses based on Easy 
JavaScript Simulation (EjsS). This data-rich Virtual Lab functionality can be extended to existing 
EjsS simulations by regenerating the simulation from the source code with version 6.0 of the EjsS 
authoring toolkit, installing the Moodle plugin and using the simulation in a Moodle course.

3 Conclusion

This paper demonstrates the potential affordance of including a learning analytics extension to 
EjsS simulations, which can be enabled in version 6.0 of the EjsS authoring toolkit. This extension 
for EjsS can be used in Moodle, and we hope our contribution can provide a valuable source of 
useful data for instructors and learning designers to make decisions in the classroom and beyond.
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Learning motion concepts using Augmented Active Learning 
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Abstract. Active learning and discovery-based laboratory curricula for the understanding of 
kinematics using motion sensors have extensively been studied in Physics Education Research 
for more than thirty years and provided strong evidence of their usefulness in terms of students 
learning and retention [1]. In the meantime, Virtual Reality headsets have become more and more 
accessible, with better tools for free software development and distribution. While these headsets 
are mainly sold as gaming devices, they can be very interesting for Physics Education active 
learning activities: we called such an activity an Augmented Active Learning Activity (AALA). 
The aforementioned kinematics curricula based on motion sensors can almost automatically be 
translated into AALAs: we present our first translation and the results of its first testing with a 
group of master students of physics and mathematics.

Active learning and discovery-based laboratory curricula for the understanding of kinematics 
using motion sensors have extensively been studied in Physics Education Research for more than 
thirty years and provided strong evidence of their usefulness in terms of students learning and 
retention [1]. We ourselves have been using these curricula based on such sensors (such as 
PASPORT Motion Sensors [2]) for many years, and with good results and satisfaction. In figure 
1, a student using a motion sensor is shown. 

Fig. 1 The traditional setup with an infrasound sensor 

In the meantime, Virtual Reality headsets have become more and more accessible, with better 
tools for free software development and distribution. A simple extension to these headsets is the 
use of stereo cameras in order to achieve what is called a “pass-through” experience, meaning 
the user can see beyond the VR headsets using the cameras. This way, it is possible to mix a 
stereo visualization of the real world and of any kind of virtual object, therefore achieving a type 
of Augmented Reality (or Mixed Reality). In figure 2, a student using the VR headset with the 
stereo camera is shown. 
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While these headsets are mainly sold as gaming devices, they can be very interesting for 
Physics Education active learning activities: we called such an activity an Augmented Active 
Learning Activity (AALA). 

The aforementioned kinematics curricula based on motion sensors can almost automatically 
be translated into AALAs. In fact, part of these curricula are based on the tracking of the position 
of a student using motion sensors, while she/he moves trying to obtain a certain graph regarding 
position/velocity/acceleration over time. In the AALA version of this experience, the student can 
do the same while wearing the headset, seeing where she/he is moving thanks to the cameras and 
visualizing all the motion data plotted in real time. 

Fig. 2 A student using our augmented reality setup

These activity is traditionally carried out in groups, with students taking turns to move in front 
of the sensor while the rest of the group can look at them moving or at the monitor of the 
computer with the graph plotted in real time: in the AALA version, the experience for the rest of 
the group is not radically changed, but can be more effective and productive since on the monitor 
they can see exactly what the moving student is seeing, plots included, resulting in a more 
immersive and intuitive experience. 

The setup has been tested during a course for master students of physics and mathematics 
regarding the teaching of physics at high school level and the results of the test will be presented. 
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Simulation of  the scattering of a rotating rod by a screen with a
slit

Piroska DÖMÖTÖR, Mihály G. BENEDICT

Department of Theoretical Physics, University of Szeged, H-6720, Tisza Lajos krt. 84-86. Hungary

Abstract. The scattering of a rod-like rotating object by slit on a screen is visualized  using the
laws of classical mechanics. This problem gives insight into the problem of combined translation
and rotation interrupted by consecutive collisions. One learns that already this simple mechanical
problem requires numerical methods. The simulated motion also demonstrates in simple terms
what is the notion of  chaotic scattering.

1 Simulation of the physical problem

A program has been created that simulates the motion of a centrally symmetric, rotating, rod-
like object which collides with a screen with a slit, see Fig. 1. The length of the rotor is 2a, and it
is taken to be larger than the width of the slit 2b. We assume a free planar motion and a uniform
rotation, except for the moments of collisions, causing discontinuous jumps in the velocity and
the angular velocity of the object. Depending on its actual position and orientation, the rotor can
either hit the wall or the edge of the slit, or can pass through the slit without any interaction. The
collisions, which are assumed to be ideally elastic, imply sudden changes of the velocities (linear
and angular) of the rotor after a collision took place. These can be calculated by using Newton’s
second law and energy conservation. 

Fig. 1 Panel (a) shows the (x, y) coordinate system we use to determine the CM position (xc, yc) of the rotor, as well
as its orientation characterized by the angle φ. The wall with the slit is placed at x = 0. Panel (b) and (c) show

examples of the rotor at the moment of a collision with the wall or with the edge of the slit, respectively.

The presence of the wall with the slit represents certain geometric constraints for the set of the
possible center of mass (CM) coordinates and orientations of the rod. Fig. 2 illustrates e.g. a
motion, where the rotor, coming initially from the left with zero angular velocity, is scattered
back after three collisions  to the left downward  direction  rotating  clockwise.

It can be shown that the dynamics of our rotor can be mapped onto an open 3D billiard of a
point-like object, whose free motion is constrained by a highly nontrivial surface [1].

We simulate numerically the dynamics of the problem, and find that the final direction of the
CM velocity: α=arctan (v y /v x)  at  t=∞  (as well as the number of collisions during the
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interaction) shows a sensitive dependence on the initial conditions in certain regions of the phase
space. (Fig. 3) 

Fig. 2 Stroboscopic picture of a series of three consecutive collisions as indicated by the numbers.

Fig. 3 The dependence of the final direction α of the CM velocity on the initial angle φ0, keeping the rest of the initial
values fixed, namely xc0 = -a, yc0 = -0.375a and v0 = (1, 0), ω0 = 0. Here the aperture size was taken  0.6 times smaller 
than the rotor length (b = 0.6 a ).

2 Didactic aim

The creation of a platform enabling users to run the program interactively is in progress. By
experimenting with the variable initial  conditions,  the completely different  outcomes of the
dynamics depending on slight changes in the initial values will demonstrate the chaotic nature of
this scattering process [2, 3].
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Effect of motion simulation programs in teaching dynamics
Tamás RADNAI, Tünde TÓTHNÉ JUHÁSZ, András JUHÁSZ, Péter JENEI

ELTE, Institute of Physics, Budapest, H-1117 Pázmány P. stny 1/A, Hungary 

Abstract. In our research we aimed to measure the effectiveness of teaching dynamics to 9th

graders with the help of motion simulation programs. We examined the performance of about 700 
students studying in 13 different schools. Half of the students were taught using only
conventional methods, while the other half learned physics using conventional methods 
supplemented by simulations (experimental group). The effectiveness of the new method was 
measured in a pretest and posttest design. Our results show that while the pretest indicates no 
significant difference between the two groups, the experimental group performs significantly 
better in the posttest.

1 Introduction 

In secondary school students often regard physics as a completely abstract subject. This 
opinion probably stems from the fact that many mathematical formulae are involved in the 
learning process, especially in the topic of mechanics, which is the first topic that secondary 
students learn in Hungary. Most of classroom demonstrations are used for simply proving the 
mathematical formulae and theoretical concepts. In addition to this, some of the most 
important concepts in physics such as force or energy are invisible in real life, requiring huge 
effort from students to understand them. A possible way to stop this trend and make physics a
more practical subject is to use motion simulation programs. These software are designed to 
simulate real-life physics experiments using realistic two-dimensional visualization, while 
motion-related data can be read from graphs that are displayed during the motion. 

The most commonly used motion simulation software, called Algodoo, has been used in 
the last decade by educators all around the world with positive feedback from students [1-3]. 
Çelik et al. [4] developed a questionnaire to explore the opinion of participating teachers
about virtual physics teaching, from which positive impact was concluded. Cayvaz and Akcay 
measured the effect of learning with Algodoo. A hundred 7th grade students learned with
Algodoo for three weeks and a hundred other students learned the same topic without it. They 
measured significant difference between the two groups in favor of the group using Algodoo 
[5].

2 The experiment

In our research we investigated the effects of using motion simulation programs in 
teaching forces and Newton’s laws in 9th grade (14-year-olds). We hypothesized that the 
simulation program helps developing the concept of forces through visualizing forces in 
different situations. We also assumed that the simulations help deepening the understanding 
of Newton’s laws and make their applications easier in everyday life situations. 

The research was based on using a Hungarian motion simulation software, FIZIKA [6]. 
The teachers of the experimental groups participated in a teacher training session, where they 
became familiar with the software and then used this program in their lessons. In addition to 
an experimental group, a second group was chosen in the participating schools. In these
reference groups students with similar abilities to that of the students of the experimental 
groups were taught using only conventional methods.

In order to be able to compare the abilities of students in the two groups, we made every 
student write a pretest in the topic of kinematics. Dynamics was then taught with the two 
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different methods (taking about 2 months) and the effect of the new method was then tested 
(posttest). The posttest consisted of 9 dynamics problems on forces and Newton’s laws.  

3 Results 
The distribution of the results (displayed in percents) of the pretest and posttest are shown 

in figures 1a and b. 

 
Fig 1. The distribution the results in the (a) pretest and (b) posttest for the experimental and reference groups. 
 
The average results reached by the experimental and reference groups were 48% and 51% 

respectively (with a standard deviation of 27% in case of both groups) in the pretest and 50% 
and 46% respectively in the posttest (standard deviations being 21% and 23%). The analysis 
of the data showed that the reference group performed better in the pretest, but the difference 
is not significant, whereas in the posttest the experimental group reached a significantly better 
result.  

4 Conclusion 
This research proved that using motion simulation programs in teaching dynamics can 

improve student performance. In our presentation we give a detailed statistical analysis of the 
data and show the methods used, highlighting subtopics where the new method proved to be the 
most effective. 
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Abstract. There are many educational simulations on the web about the phases of the moon. 
However, many of them use incorrect referential frames without providing a convenient 
explanation, therefore giving rise to wrong conceptual models of the phenomenon. In this work 
we present a simulation that helps students not only to understand the moon phases 
phenomenon, but also its synodic period. We describe how the choice of a correct referential 
frame can make all the difference in the learning-teaching process. This simulation is a virtual 
pedagogical curricular material to support the illustrations and schemes that already exist in the 
school manuals. 

1   Introduction
One of the things that puts astronomy as a high-level science discipline (high abstraction 

thinking level), is that we need to create a complex system of referential frames in order to 
explain and understand what we see from Earth. 

Today, with the evolution of multimedia and computers, people can see what others 
imagine in their minds. The new technologies help common people to better understand 
astronomy, which means understand the universe that we see from our planet. In this context 
the computational simulations play an important role, because they are powerful tools to help 
visualize astronomical phenomena, due to the combination of physical-mathematical 
algorithms with physical animations. There is still a lot of phenomena that can’t be easily 
understood and for which there are no satisfactory multimedia material to help the learning 
process of these contents. This is truer when we talk about young students of the middle and 
high schools. 

In this work we present a simulation about the moon phases taking into account the moon’s 
synodic period. The adequate reference frame used on the simulation helps to create a correct 
mental model of the phenomenon, allowing students to understand why moon’s synodic 
period and translational period do not have the same value. At same time we discuss how 
other common simulations specifically designed to improve learning about the Moon´s phases 
may create misconceptions and incorrect mental models that difficult the comprehension of 
the synodic period of the moon. 

2   The simulation 
The phenomenon of the Moon phases is basically explained by considering the relative 

positions of the Earth, Moon and Sun, making use of local references (the Moon seen from 
the Earth) and referential outside the Earth (stars referential) [1-2]. On the one hand, the 
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physical model of the Moon’s phases (variation of the angle of reflection of Sunlight on the 
Moon as a consequence of the relative position of the three celestial bodies) is well supported 
by several types of descriptive models (illustrations, schemes and computational simulations). 
However, with regard to the synodic period of the Moon the panorama is the opposite. Failure 
to approach this important concept impoverishes the understanding of the phenomenon of the 
Moon’s phases. On the other hand, to explain briefly the synodic period of the Moon as being 
a consequence of the Earth-Moon system's movement around the Sun, is manifestly 
insufficient for students of middle and high school. For them, the fact that the synodic period 
of the Moon is different from its translation period around the Earth is strange, especially 
considering the explanatory models for the Moon's translation and rotation around the Earth 
currently provided in textbooks and computer simulations. 

In this work we analyze our simulation about the phases of the Moon, discussing what is 
the synodic period of the Moon (Fig. 1), and showing how some illustrations presented in the 
textbooks and other animations can lead to misinterpretation of the phenomenon. In order to 
respond to the problems diagnosed, the simulation helps not only to explain the synodic 
period of the Moon, but also to understand a series of other celestial phenomena (hidden face 
of the Moon, periods of rotation and translation, eclipses, among others). We also show how
the addition of certain elements in the simulation helps to improve its pedagogical character in 
order to support users that explore the simulation to learn astronomy topics. 

Fig. 1 Two images from the simulation concerning the synodic period of the moon. 
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controlled by Arduino
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Abstract. The interference pattern of light can be demonstrated by using a simple screen, 
however we need a wave tank to study the behavior of surface waves. In our research, we are 
looking for a way to investigate ultrasonic waves, which are getting more and more widespread in 
many common areas of life. During designing the device, we developed a measuring system to 
spectacularly demonstrate the interference occurring between ultrasonic waves. Our aim was also 
to show, how to build this new, surprisingly accurate and low-cost device, and advise you some 
well-known experiments, which can be presented.

1 Introduction 

It is usually difficult to demonstrate the wave nature of light. The wavelength of visible light 
is pretty small, therefore one needs objects of very small dimensions (optical gratings, etc.) to 
show the wave nature of light. Moreover, pupils not being familiar with general wave 
phenomena poses a great didactical challenge. The main idea of this new device is to 
demonstrate wave phenomena with waves having macroscopic wavelengths; therefore 
macroscopic objects (slits, gratings etc.) can be used. As soon as pupils understand the basic 
principles of such wave phenomena, understading experiments carried out with light will become 
easier. The waves used in these measurements are 40 kHz ultrasound waves, which have about 
8.5 mm wavelength. This wavelength makes it possible to map the intensity of the wavefront 
with a millimeter resolution by moving a detector along a straight line. 

2 The automated ultrasonic wave scanner

To scan the wavefront, the mechanics from an out-of-order flat-bed scanner were 
repurposed. Our intention during the development of the measurement setup was to use 
inexpensive, mass-produced components that are easily purchased in popular webshops.
According to this, our system uses an Arduino microcontroller while the ultrasound source 
and detector are parts of a converted ultrasonic distance measurement sensor. Fig. 1. shows 
the construction of the device.

Fig. 1 The construction of the automated ultrasonic wave scanner
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Data were collected in an Excel spreadsheet using a Microsoft Data-Streamer unit, then 
plotted on a scatterplot. The automated ultrasonic scanner can be used to easily and 
spectacularly demonstrate multiple famous interference experiments. The tool is suitable to 
present the diffraction of waves around an object or, using a double slit of approx. 1 cm 
width, the setup and key points of Young – one of the most significant basic experiments of 
modern physics – can be illustrated.

Fig. 2. presents the results of one of our first measurements. First, the direction dependent 
characteristics of a sound source (f=40 kHz) was recorded (green curve). It was placed 10 cm 
away from the course of the microphone, along its midperpedicular. Then, measurements 
were repeated with cilyndrical obstacles (an 8 mm wide, blue curve and a 19 mm wide, red 
curve) placed in the wave-field. The results of the three measurements were plotted together. 
We think, that the plot itself is persuasive regarding the efficiency of our method.  

Fig. 2 The results of the measurements (diffraction at obstacle) 

3 Conclusion 

During the presentation of this new measurement tool, our former experience was confirmed: 
experiments involving modern gadgets are popular among pupils. We hope, our further 
questionnaire-based survey - concentrated on attitude and knowledge – can quantitatively prove 
that, besides being spectacular, new experimental demonstrations help raising interest in students 
and thus motivate them towards the understanding of the deeper principles of physics. 
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Abstract. Entering the discipline of astronomy involves learning the ways astronomers 
communicate knowledge, using a multitude of disciplinary specific semiotic resources to 
understand the multidimensional universe. A new-to-the-discipline student will need to learn to 
“read” and “write” all these resources in her endeavour to learn astronomy and become part of the 
discipline. In this paper we present a study where university students and professors are presented 
by different 2D and pseudo-3D resources—representations of astronomical objects—and asked 
how these objects may look in 3D. We find that depth information mostly comes from 
scientific analysis rather than visual perception.

1 Introduction and Background 

When entering the discipline of physics, and in particular astronomy, students are faced 
with a multitude of challenges. Not only do they need to learn to “read” and “write” the 
“language of the discipline”, crated by all the semiotic systems and resources (representations, 
tools, and activities) used by the discipline and having distinct disciplinary affordances, but 
also to learn to think spatially, or extrapolate three-dimensionality from 1D and 2D input, e.g. 
mathematics, diagrams, images, etc. [1]. Although identified as very important [see, for 
example, 2, 3-7], extrapolating three-dimensionality is a severely overlooked competency in 
both physics and astronomy education and poses a real challenge to novice students in their 
meaning-making; they are often left by themselves to try to imagine what an astronomical 
object may look like in 3D. In their attempts in doing so, several different cues can be used 
but many are useless when it comes to astronomical images, and many also build on prior 
experiences and disciplinary knowledge in astrophysics, which students generally lack when 
being new-to-the-discipline. Furthermore, from the physics and astronomy education research 
literature, only few other efforts have been identified to address the challenges associated with 
extrapolating three-dimensionality in astronomy education [eg. 8]. Hence, extrapolating three-
dimensionality becomes an important educational aspect to consider when teaching physics 
and astronomy. In this paper we investigate astronomy students’ and professors’ perception of 
depth and what cues they use and rely on in this process of extrapolating three-
dimensionality.  

2 Aim and Method

In this paper we report on an international study where discernment of the third dimension, 
depth, in astronomical 2D imagery and pseudo-3D simulations, created by one of the authors 
(W.S.) and collaborators [9]. We have chosen to focus on astronomical nebulae, as these are 
very common in astronomy textbooks/teaching material and teaching situations in astronomy 
and astrophysics. In this qualitative study, 53 astronomy students and professors in four 
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different countries have been asked about their discernment of depth from both astronomical 
2D images and pseudo-3D simulations in order for us to map their competency in 
extrapolating three-dimensionality in their minds. In analysing their responds, we use a 
standard qualitative research method, and take as our point-of-departure Eriksson et al. [1] 
hierarchical categories for multidimensionality discernment. 

3 Results 

Our results suggest that the competency to discern depth in astronomical image/animations 
is very limited by new-to-the-discipline students but also that pseudo-3D animations, where 
motion parallax is offered, could help students in their meaning-making and extrapolation of 
three-dimensionality in their minds. For the professional astronomers we find that, regardless 
of parallax motion being offered, they very often fall back on the methods they have used 
earlier on when analysing and trying to make sense of 2D images of nebulae—shadows 
overlapping objects, subtended visual angle of objects of known size, haze, contrast, etc.—
instead of using and exploring the possibilities the animations offer. Depth information comes 
from scientific analysis rather than visual perception. We interpret this as, for the 
astronomers, the new information on the 3D structure from the simulations does not offer as 
much new information as might be expected, whereas for the student’s parallax motion is the 
key to discernment of depth. 

4 Discussion, Conclusion and Implications 

Our results clearly show that discernment of depth from nebulae imagery is extremely 
difficult for students but also for many astronomers. However, using modern software and 
astronomical data, volumetric models can be created offering possibilities for discernment of 
depth by using parallax motion. This could potentially be used when teaching astrophysics for 
both university students and upper secondary school students, lacking relevant disciplinary 
knowledge, since the students are, by default, used to using parallax motion as a cue for 
estimating depth of an unknown object; our advice is to intentionally address the 3D aspect in 
teaching situations. Further findings and implications in regards to these will be discussed.  
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ABOUT SEMICONDUCTORS FOR HIGH SCHOOL 
STUDENTS 

Éva GÓCZ
Sylvester János Grammar School, 1149 Budapest, Pillangó park 3-5., Hungary

The technology of this century is built on semiconductor-based devices and dominates all 
segments of life. According to our surveys a large part of the Hungarian secondary students fail 
to show the minimum expected knowledge on semiconductors and their wide ranging 
applications. As no well proven practices exist in this country to apply e-learning materials as an 
optional supplementary content to school work, the method was first tried in a pilot project in 
my own school, and later a few interested colleagues joined. The Hungarian and English version 
of the homepage can be accessed free at http://felvezetok.hu, and at http://semiconductors-
simplified.com/. 

The technology of the 21st century is built on semiconductor-based devices and dominates 
all segments of life. According to our surveys a large part of the Hungarian secondary students 
fail to show the minimum expected knowledge on semiconductors and their wide ranging 
applications. The topic of semiconductors is missing from the physics curriculum of the 
National Curriculum for Basic Education just as well as from the framework curricula, and, 
consequently, is omitted from text books and school courses. Though most teachers agree that 
teaching semiconductors was necessary, given the continuous cut-back of classes, they can not 
see the possibility to squeeze in yet another chapter to the stressed curriculum in the first place.

Following the customary practices, there is no solution, indeed. However, if you abandon 
conventions, you can offer semiconductors in e-learning as an optional material, emphasising 
their functions in real life. This is why a web-based site was compiled to optional work on 
semiconductors in secondary schools. Since no domestic history could be found in this topic,
Hungarian university textbooks [1], foreign secondary school text books [2][3] and web-sites 
promoting physics teaching [4][5] were used for the work. As no well proven practices exist in 
this country to apply e-learning materials as an optional supplementary content to school work,
the method was first tried in a pilot project in my own school, and later a few interested 
colleagues joined. The Hungarian and English version of the homepage can be accessed free at 
http://felvezetok.hu, and at http://semiconductors-simplified.com/, respectively.  

The page offers a secondary school level overview on semiconductors. Its primary goal is to 
provide effective assistance to processing the topic in school work, but certainly anybody can 
benefit from it. Beside discussing physical basics of semiconductors with the help of graphics, 
photos and computer animation, the site also offers learning compendiums, check-out 
questions, tests and independently carried out experiments to interested students.

There are two slots in the conventional Hungarian secondary school learning programmes 
where semiconductors can be fitted properly. At the basic level, connected to conductivity after 
discussing the conductive properties of metals, and at the advanced level built on the banded 
structure of solid materials. Given the minimal number of physics classes in secondary schools 
in this country, only basic level discussion is an option. Semiconductors can be discussed here 
based on demonstrating experiments and chemical knowledge of the material structure.
Studying is restricted to the most simple qualitative explanations of material structure and the 
lessons learnt can be verified by the insights in experiments and practical applications. Next the 
menu content of the website is summarised.

“Semiconductors, Silicon” 
The atomic electron structure of clear semiconductor materials (Si, Ge) already learnt from 
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chemistry is revoked. The system of covalent bonds determining the crystal structure is derived 
from it. It is an experimental fact that the electric conductivity of the crystal is augmented upon 
warming or lighting. Electrons released from the bonds and the holes of local electron shortage 
provide the explanation. You make the students understand the role the electron-hole pairs play 
in conducting current. Two dimensional animated models illustrate the generation of electron-
hole pairs and their movement in response to external voltages.

“Doping”
Contamination of semiconductors is a stand alone unit on the web site. The point is to make 

it understand how incorporation of specific contaminating substances (donor, acceptor atoms) 
in the crystal lattice alters the ratio of movable electrons and holes, consequently the micro 
mechanism of conductivity in these materials.

“Semiconductor Devices„
The operation of most semiconductor devices can be understood through the rearrangement 

of charges on the boundary surface of contacting p- and n-type semiconductors, resulting in 
specific voltage conditions. The homepage deals with the basic characteristics of the p-n 
junction in details, and the operation of a diode as a component of the circuit is explained, 
including practical application opportunities of LED. (The Hungarian version of the homepage 
adds the operation of the transistor, solar cell, and semiconductor laser).

“Experiments”
Experiments play a special role in secondary physics teaching. In a separate chapter 

experiments illustrate the features of semiconductors, and includes the demonstrating
measurements to be carried out in relation to the fields of application. Most of the experiments 
described and illustrated here lend themselves readily to either demonstration by the teacher or 
experimenting by the students alone or in groups. 

The Hungarian home page contains two additional chapters, both with materials to help in 
the specific Hungarian school system. The “Knowledge box” chapter facilitates independent 
work of the students. They can also find the correct answers to the questions checking their 
understanding. The glossary section includes a short description of the terms and names in the 
material. The dictionary of foreign words provides the meaning of unknown words to students.
The chapter entitled “Teacher’s compendium” contains supplementary background information 
to support the work of teachers.  

Web-assisted delivery of semiconductor training was tested at school with a few people.
School work, the backbone was compressed to four classes. This was supplemented with 
optional testing material from the homepage. The first experiences clearly showed that the 
complementary web site motivated the students, resulting in a better than customary acquisition 
of the material. The contents of the web site are continuously developed using user experience.
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Abstract. Quantum mechanics offers a superb opportunity to let high school students appreciate 
the study of physics as a cultural propeller. Here I claim that also a few hours of scattered quantum 
mechanical ideas do have the power to intellectually inspire the students in an unequaled way. 
Some of the central concepts of the quantum mechanical paradigm may be discussed in a classroom 
not only in order to give an idea of the recent progress of physics to the students, but also to provide 
them, via analogies and metaphors, with the richness of new intellectual perspectives.  
 

1 Introduction 

How much time in overall can be devoted to the learning of physics in the high school? Furthermore, 
once one has gone through classical mechanics, thermodynamics and electromagnetism, how much of 
this time is left over for an introduction to modern physics and especially quantum mechanics? These 
questions should be first answered because the approach, the extent and the goals one sets for the 
learning of quantum mechanics should be tailored within these constraints. For example, at the Liceo 
Classico – a very traditional secondary-school curriculum in Italy – students (usually numbering among 
those of their age more inclined to study and enroll afterwards in the university) attend 35 hours of 
lessons per week distributed over a set of 13 different subjects, ranging from Latin and Ancient Greek 
to History and Philosophy and comprising two foreign modern languages studied at a high level of 
competence. An average of two hours a week are officially assigned to Physics, hence 70 hours are 
available in the last year (13th grade) for electromagnetism and modern physics. But this is only in 
principle, since one has to take into account also that a certain fraction of the annual total amount of 
hours should be devoted for carrying out compulsory programs such as “Work/School Alternation”, 
“Citizenship and Constitution” and “Content and Language Integrated Learning”, plus the scattered 
participation to road trips, competitions, conferences etc. and the unavoidable time for classwork and 
assessment. That said, the 70 hrs a year initially scheduled for physics, reduce to barely 50, and still 
with a focus offered by the students understandably limited, since they must split their minds 
consecutively among different disciplines in the same morning. Finally, being electromagnetism by far 
the more expected major point of the syllabus, how much of these 50 hrs can be devoted to modern 
physics and quantum mechanics? De facto, most of the teachers in these conditions limit their work to 
electromagnetism, moreover forced by time limits to stop even before dealing with electromagnetic 
waves.  

Feeling that I was depriving many intelligent young people of the opportunity to significantly expand 
their horizons, I have chosen to adopt a cultural perspective, that is, to deliver physics as an added value 
to their intellectual life, as something that could contribute to amplify the research for depth and meaning 
in what they see and do. Thus, I reduced Electromagnetism to what really matters, for example avoiding 
too much formalism and severely limiting the exercises, and to allocate a portion of time for Atomic, 
Nuclear and Elementary-Particle Physics and Cosmology. This way, about 12 hours are spent for 
modern physics, 3 of which for Quantum Mechanics. In doing this I have been regularly encouraged by 
the great increase of enthusiasm manifested by the students (“Why didn’t we speak earlier about these 
themes?”). I learned that when it comes to captivating students and eventually leading them to consider 
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chemistry is revoked. The system of covalent bonds determining the crystal structure is derived 
from it. It is an experimental fact that the electric conductivity of the crystal is augmented upon 
warming or lighting. Electrons released from the bonds and the holes of local electron shortage 
provide the explanation. You make the students understand the role the electron-hole pairs play 
in conducting current. Two dimensional animated models illustrate the generation of electron-
hole pairs and their movement in response to external voltages.

“Doping”
Contamination of semiconductors is a stand alone unit on the web site. The point is to make 

it understand how incorporation of specific contaminating substances (donor, acceptor atoms) 
in the crystal lattice alters the ratio of movable electrons and holes, consequently the micro 
mechanism of conductivity in these materials.

“Semiconductor Devices„
The operation of most semiconductor devices can be understood through the rearrangement 

of charges on the boundary surface of contacting p- and n-type semiconductors, resulting in 
specific voltage conditions. The homepage deals with the basic characteristics of the p-n 
junction in details, and the operation of a diode as a component of the circuit is explained, 
including practical application opportunities of LED. (The Hungarian version of the homepage 
adds the operation of the transistor, solar cell, and semiconductor laser).

“Experiments”
Experiments play a special role in secondary physics teaching. In a separate chapter 

experiments illustrate the features of semiconductors, and includes the demonstrating
measurements to be carried out in relation to the fields of application. Most of the experiments 
described and illustrated here lend themselves readily to either demonstration by the teacher or 
experimenting by the students alone or in groups. 

The Hungarian home page contains two additional chapters, both with materials to help in 
the specific Hungarian school system. The “Knowledge box” chapter facilitates independent 
work of the students. They can also find the correct answers to the questions checking their 
understanding. The glossary section includes a short description of the terms and names in the 
material. The dictionary of foreign words provides the meaning of unknown words to students.
The chapter entitled “Teacher’s compendium” contains supplementary background information 
to support the work of teachers.  

Web-assisted delivery of semiconductor training was tested at school with a few people.
School work, the backbone was compressed to four classes. This was supplemented with 
optional testing material from the homepage. The first experiences clearly showed that the 
complementary web site motivated the students, resulting in a better than customary acquisition 
of the material. The contents of the web site are continuously developed using user experience.
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a STEM-related career, precision and consistency (as offered for example by most textbooks) may come 
second. 

Is this time too little? Sure, of course, if the goal is that of acquiring technical competencies in 
quantum mechanics. But if the goal is the opening of a new view on some of the most intellectually 
challenging themes, three hours do represent an exceptional opportunity that must be offered to all young 
smart students, regardless of the career they will choose.  

To pursue this goal a paradigm shift is needed. 
  

2 Physics as a cultural opportunity 

A frequent perception by students  – and society as well – is that physics is an arid subject. In fact, 
if we let aside its technological consequences, i. e. the production of tangible objects like devices and 
new materials, and a few overarching achievements already digested by the contemporary Zeitgeist, 
according to this view physics per se would be devoid of values and containing no significance with 
respect to the everyday human life experience. This is felt in contrast with the so-called humanities, 
which would withstand science with their unique ability to enrich our lives with senseful perspectives. 
Noteworthy, this attitude is widespread also at the academic level and it resurfaces periodically, giving 
rise to philosophical devaluations of science, as, for example, in Husserl [1] or to a “two cultures” debate 
[2]. 

Thus, teaching without giving a particular attention to the above problem is at risk of being a great 
waste of time and resources. Evidently, it is not enough to depict physics as a technique to calculate 
things and as a basis for technology. Too little is done indeed to show the versatility with which its 
concepts can be transferred to other subfields of knowledge by using a little creativity, thus highlighting 
their ability to bestow a new meaning to events. Physics is indeed a language and, just as it happens for 
all other languages, it gives rise to some peculiar meanings (“black hole”, “entropy”, “invariant” etc.) 
no other language is able to render with the same effectiveness and nuance. Therefore, to make concepts 
of physics come alive and help the grasping of their essential meaning by students, a teacher should be 
encouraged to consider them as hermeneutical tools, that is thought patterns which have the potentiality 
to lead to semantic-increments also when projected onto fields originally unrelated to physics, for 
example by recurring to analogies and metaphors. This is how I interpret Nersessian’s “ability to reason 
with models viewed generically” or the “facility with the practice of constructive modeling” as one of 
the characteristics of having expertise in physics [3]. 

When it comes to quantum mechanics, having a grasp of ideas such as the uncertainty principle, the 
relativity of properties that seemed clear and uncontroversial like position and momentum or the non-
commutativeness  of the operations, just to mention some, stimulates the development of an imaginative 
rationality which can yield novel results also in fields quite distant from physics. 
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Abstract. In an increasingly complex world, the science of complex systems is well-positioned to 
provide epistemological lenses and methodological tools to analyse the reality. Among the tools 
developed, computer simulations have a crucial role, but many difficulties have been pointed out 
when novices face these instruments. Framed within a wider research about the educational role 
of complex systems, the goal of this work is to provide insights into the understanding about 
simulations of complex systems of university Physics and Mathematics students. For this 
purpose, two studies have been designed with groups of bachelor and master students.

1 Research framework  

Since the second half of the 20th century, computer simulations have progressively flanked 
theories and laboratory experiments, becoming the “third pillar of contemporary science” [1].
Their use has become widespread especially in the disciplines that deal with complex systems.
Nowadays, simulations do not concern only the scientific community: they are at the 
methodological core of studies on issues like climate change or urban planning, on which 
policymakers and citizens have to make decisions [2]. While the perspective of complexity is 
becoming more and more important to be embraced by the people involved in decision-making 
activities, educational research has been highlighting strong difficulties in understanding 
simulations about complex systems because of their inner conceptual difficulties [3]. Moreover,
studies are showing sceptical attitudes and the tendency not to accept their results: novices rarely 
trust simulations as authentic scientific tools since they perceive them as artificial conjectures 
without any pertinence to real-world problems [4]. Previous studies within this research showed 
that, in secondary school students, the lack of trust toward simulations can be ascribed to naïve 
epistemological beliefs about the role of models in science [5].

2 Research Questions, Design and Methods

Framed within a wider research about the educational relevance of complex systems, the goal 
of this work is to provide insights into the understanding about simulations of complex systems 
of two groups of university Physics and Mathematics students. In particular, we are interested in 
the content knowledge the student display about the topic and in the epistemological issues that
characterize students’ reasoning about simulated phenomena. To guide our analysis, we have 
formulated two research questions: RQ1) Before the intervention, what level and kind of 
knowledge do university students display about simulations and complex systems? RQ2) After 
the intervention, what factors influence university students’ attitudes toward simulations of 
complex systems and their level of trust?

The research is articulated in three main levels: i) the design; ii) the implementation and data 
collection; iii) the data analysis, carried out with a qualitative strategy [6]. To answer the RQs, 
we have planned to carry out two investigations involving university Physics and Mathematics 
students. The contexts of these studies are two courses of Physics Education, one addressed to 26
students in their third year of bachelor and the other to approximately 40 students in their second 
year of master. Even if at the date of writing this abstract, only the first study has been carried out 
(the second one will take place in May), both the surveys consist of three parts. Before the 
interventions an online questionnaire is submitted to the students; the questions aim to have 
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a STEM-related career, precision and consistency (as offered for example by most textbooks) may come 
second. 

Is this time too little? Sure, of course, if the goal is that of acquiring technical competencies in 
quantum mechanics. But if the goal is the opening of a new view on some of the most intellectually 
challenging themes, three hours do represent an exceptional opportunity that must be offered to all young 
smart students, regardless of the career they will choose.  
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no other language is able to render with the same effectiveness and nuance. Therefore, to make concepts 
of physics come alive and help the grasping of their essential meaning by students, a teacher should be 
encouraged to consider them as hermeneutical tools, that is thought patterns which have the potentiality 
to lead to semantic-increments also when projected onto fields originally unrelated to physics, for 
example by recurring to analogies and metaphors. This is how I interpret Nersessian’s “ability to reason 
with models viewed generically” or the “facility with the practice of constructive modeling” as one of 
the characteristics of having expertise in physics [3]. 

When it comes to quantum mechanics, having a grasp of ideas such as the uncertainty principle, the 
relativity of properties that seemed clear and uncontroversial like position and momentum or the non-
commutativeness  of the operations, just to mention some, stimulates the development of an imaginative 
rationality which can yield novel results also in fields quite distant from physics. 
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insights into the students’ knowledge on the issues of simulation and complex systems. Then, 
each intervention consists of two one-hour lectures about the specificities of computer 
simulations for analysing complex systems. After the lectures, a focus group activity is carried 
out and requires to analyse and discuss about two simulations of complex systems based on the 
Schelling’s model of racial segregation and on the Lotka-Volterra’s model of predator-prey 
interaction. The focus group discussions are guided by a protocol aimed at making the students: 
i) observe and describe each simulation, identifying the fundamental elements represented and 
those in the background; ii) express their perception of trust and confidence about the use of 
simulation for addressing real-world problems; iii) attempt an explanation of the simulated 
phenomenon; iv) identify a simulation mechanism, as something that causes something else.

To answer the research questions, the responses to the online questionnaire (RQ1) and the 
transcripts of focus group activities (RQ2) have been analysed.

3 Preliminary findings

We are still analysing the data corpus of the study with bachelors, but some preliminary 
results have already been reached.  

Pre-intervention students’ knowledge about simulations and complex systems. The
bachelors’ responses to the questionnaire show overall a scarce knowledge about the technical 
meaning of simulation. The most recurring concepts associated to the word are: i) prediction, as 
a linear procedure that goes from the past to the predicted future; ii) reproduction/emulation of a 
phenomenon; iii) test of a theoretical hypothesis. We notice that none of the students uses the 
term model to explicate what a simulation is. Regarding complex systems, few students declare 
not to have any idea about the meaning of this term; most of the others limit their definitions to 
the high dimensionality of the system due to the large number of sub-components; some refer to 
the lack of analytical solutions and few include the concept of emergent property.

Factors influencing attitudes toward simulations of complex systems and level of trust. After 
the intervention, the students seem more aware about the use of simulations and frequently use
the distinction between different types of simulations to guide their analysis. All the groups 
except one recognize that the simulations proposed are extremely simplified toy simulations and 
have to be considered meaningful as much as the model they implement; this depends on the 
purposes of the modeler-user and on the uncertainty on the result accepted in each particular 
case. On the basis of this reflection, stated in different ways from each group, the students 
declare to trust the simulations as much as other scientific models (e.g. ideal gases).

In conclusion, we think that this finding deserves further investigations: even if most of the 
students do not talk about simulations in terms of model before the intervention, they embrace 
this perspective and use it as an epistemological lens to value the use of simulations after being 
presented with this idea.
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Abstract. Going one step further in looking for new strategies based on creativity of students to teach ionizing 
radiation in a study circle and in a summer camp. Simultaneously, one searches for the students’ misconceptions.

In my presentation,I explain the feastibility of teaching the medical applications of 
Ionizing Radiation. Our students are familiar with the theory of radioactivity and the law of 
decay but there is no sufficient time to discuss about the practical applications of these 
phenomena in the school. Although, medical applications has great importance in our 
everyday life, there are popular beliefs surrounding the radiotherapy and other treatment of 
cancer.

The aims of my work were to establish how to treat this subject in an appealing 
manner and how to make demonstrative measures- in the frame of a study circle and in a 
summer camp. Additionally, wide range of mathematical abilities of the students. had to be 
taken into consideration.

Our study circle came together on ten occasions during the school year. First, the 
necessary theoretical principles were discussed, then the students did individual research and 
project work on different subtopics. Furthermore, they made posters, Power poin 
presentations and develop a board game. To compare the knowledge of my students’ oversus 
ordinary people, a questionnaire was complited and was completed by both groups. since 
radioactivity-related measurements are hard to implement in school environment, a simple 
GM-tube was applied, and that theory of measuring was included in our syllabus. this summer 
a biology-physics camp was organized, where we spent three days out of five discussing the 
subject of clinical applications of ionizing radiation. As the completion of our programme we 
visited the Oncology Clinic in University of Szeged. 

Based on my experience I gained through these activities, I conclude caring this subject has a 
significant effect on dismiss misbeliefs in line with cancer therapies. ont he strength of 
feedback I continue our programe, and I start a study circle next year again.
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not to have any idea about the meaning of this term; most of the others limit their definitions to 
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the intervention, the students seem more aware about the use of simulations and frequently use
the distinction between different types of simulations to guide their analysis. All the groups 
except one recognize that the simulations proposed are extremely simplified toy simulations and 
have to be considered meaningful as much as the model they implement; this depends on the 
purposes of the modeler-user and on the uncertainty on the result accepted in each particular 
case. On the basis of this reflection, stated in different ways from each group, the students 
declare to trust the simulations as much as other scientific models (e.g. ideal gases).

In conclusion, we think that this finding deserves further investigations: even if most of the 
students do not talk about simulations in terms of model before the intervention, they embrace 
this perspective and use it as an epistemological lens to value the use of simulations after being 
presented with this idea.
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Abstract.The Niels Bohr Institute hosts a large number of secondary school physics classes each 
year in our “ungdomslaboratoriet”, providing pupils with experimental experiences unavailable to 
them in their schools.  One such experience is based on an experiment we developed using a 
simple Arduino controlled orrery and a photodetector to model the transit method of exoplanet 
detection .

1 Introduction 

The NBI Ungdomslaboratoriet (“the youth lab”, affectionately called ULAB) is an outreach 
initiative providing secondary school physics pupils experimental experiences that are beyond 
the reach (due either to cost or expertise) of most secondary school laboratories. We host several 
hundred pupils per semester in our lab. Each class engages in one activity, usually chosen by the 
teacher, per visit.  We offer several activities, from DIY nuclear and particle physics detectors 
(both cloud chambers and solid state detectors), to green house gas measurements.  This talk
presents our Exoplanet experiment and the educational activities we use in conjunction with the 
ACES.

2 The Experiment

The motivation for this experiment is to provide secondary students a tangible model of 
exoplanet detection via the transit method.  We have designed and produced a 3D printed orrery 
consisting of 2 “exoplanets” orbiting a large (12cm diameter) light bulb playing the role of the 
“star”. The “telescope” is a photodetector (at present, we use the IOLab light sensor) which can 
be placed by a participant chosen distance from the “star”.  The orbital speed is programmable as 
the orrery has an Arduino controlled motor.  Pupils can vary the size of the exoplanets and, one
hopes, realize that the decrease in detected light from the star depends on the size of the planet 
(keep in mind, the star is of known size) and that the period with which the light decreases gives 
the orbital period.  After they have experimented with a number of planet sizes and star-telescope 
distances, they are given data from…  

3 The Mystery Box

The Mystery Box is a closed box containing a more complicated, 6 exoplanet system. The 
“star” and “telescope” are of exactly the same type as the pupils have experimented with.  They 
are given data from the detector and asked to determine the characteristics of the exoplanets 
orbiting the hidden star from the data.  When all groups have completed their analysis, the box is 
opened and they are able to check how well their results compare with the “real” system.   
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4 This Talk

This talk will present details of the apparatus as well as our experiences with secondary 
school pupils. In addition, we discuss how this apparatus can be used to motivate more 
sophisticated discussions of how physicists model systems, and how our physical model differs 
from the “real world”.  In our sessions, we emphasize these differences and try to give students a 
better understanding of the size,distance, and time scales involved.  Finally, we present a few 
ideas for using the apparatus for more sophisticated experiments which could be used by more 
advanced students to, for example, determine the albido of different “planets.”    
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4 This Talk

This talk will present details of the apparatus as well as our experiences with secondary 
school pupils. In addition, we discuss how this apparatus can be used to motivate more 
sophisticated discussions of how physicists model systems, and how our physical model differs 
from the “real world”.  In our sessions, we emphasize these differences and try to give students a 
better understanding of the size,distance, and time scales involved.  Finally, we present a few 
ideas for using the apparatus for more sophisticated experiments which could be used by more 
advanced students to, for example, determine the albido of different “planets.”    
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Abstract. Chaotic phenomena are not part of standard curricula, although this subject offers
several interesting aspects which can help students better understand basic features of physics.
We present  a  freely  available  interactive  material  by  means  of  which  one  can  become
acquainted  with  the  elements  of  chaos  science,  and  learn  that  regular  motions  thaught  in
physics lessons are the exceptions rather than the rule since a slight modification of the set-up
(e.g. letting the suspension point of a pendulum move periodically) converts the motion to be
chaotic. The material can be used both for individual and directed learning.

1 Introduction 

A possible  definition  of  chaos,  on  the  level  of  secondary  school  students,  is  [1]:  a
longlasting motion of relatively simple systems, which is

- irregular  in  time,  really  aperiodic,  it  is  not  even  the  superposition  of  periodic
components

- sensitive to initial conditions: small initial differences are strongly magnified,  in other
words, unpredictable

- in an appropriate view not fully irregular, appears to be structured but complex.
It is worth emphasizing that the listed characteristics are present simultaneously

2 Presenting basic properties of chaos

    As its main example, our interactive material [2] takes a physical pendulum (a ruler) whose
suspension point is moved periodically by means of an electric motor. Students can observe
the motion in video records to realize that pieces of the motion are never repeated.
  Special  attention is  paid  to  the  understanding of  unpredictability.  This  feature  is  rather
surprising in the context of mechanics, but one immediately accepts it  when looking at a
video  taken  with  two  identical  pendula  driven  by  the  same  motor:  the  motions  become
spectacularly  different  within  a  few  seconds.  This  observation  illustrates  the  term
“dependence on initial conditions”, or “butterfly effect”, but also motivates such motions to
be called  unpredictable.  To deepen the concept we show the result of a numerical simulation
in  which  11  pendula  are  followed  with  the  same  driving  but  slightly  different  initial
conditions (Fig.1 left panel). When comparing this with a forecast diagram (right panel) we
realize that our pendulum appears to be as unpredictable as the weather.   
    The complex patterns related to chaos are best illustrated via numerical simulations. In the
pendulum example an appropriate sampling is to take snapshots of the angle of the pendulum
and its angular velocity at integer multiples of the period of the moving axis. The result (left
panel of Fig.2) illustrates that an infinite number of states is possible in these snapshots, they 
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Fig. 1 Illustration of unpredictability: the angular velocity time series of 11 driven pendula drawn with different
colors  (left), ensemble simulation (of 50 members)  in a weather forecast for Budapest

are nevertheless not arbitrary since Newton’s law is in the background: chaos is not noise.
The possible states are arranged along a folded, interwoven filamentary pattern.
    Among the many possible applications, [2] concentrates on the spreading of material in
fluid flows. The mere fact that an initially concentrated amount of material becomes rapidly
distributed  in  a  large  domain  (like,  e.g.  salt  in  a  dough  when  kneading)  illustrates
unpredictability,  and  dye  patterns  (right  panel  of  Fig.2)  indeed  resemble  typical  chaos
patterns. The students also learn that this spreading process, which is considered to be useful
in  the  household  (e.g.  mixers),  is  a  basic  element  of  environmental  pollution,  and  its
convoluted pattern makes (among others) the protection of our environment difficult.

                                         

Fig. 2 Left: The chaotic attractor of our driven pendulum. Right: the distribution of dye in a fluid

   3 Conclusion, outlook

Since numerical simulations are used in [2], we decided to prepare an additional e-material
[3] by means of which  students are able to monitor motions by themselves.  This introductory
material is based solely on the use of excel worksheets, and has been found to be useful (in
non-chaotic contexts, too) in different classes from grade 9 upwards. Students understand that
a numerical procedure can be very accurate. They do not mind the use of finite but small time
steps after realizing that a movie is also based on snapshots: since the time difference between
the frames is short, we perceive the sequence as a time continuous change. Students  see by
their own experience that Newton’s law enables them to predict simple motions, and that a
numerical solution enables them to incorporate effects typically neglected. By means of the
last  excel  worksheets  of  [3]  they can  convince  themselves  about  the  phenomenon of  the
sensibility to initial conditions as part of their own chaotic simulations. 
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Abstract. Fundamental concepts of quantum physics (QP) are directly connected to 
philosophical and epistemological questions and learning this topic is thus closely related to 
views on the Nature of Science (NOS). Teaching QP in combination with NOS is therefore 
advocated as a useful teaching strategy in secondary schools. However, this is not the reality in 
many physics classrooms. With this research, we aim to find teaching strategies that help teachers 
to apply science education research knowledge in their lessons.

1 Introduction  

Since several years, QP is a compulsory topic in the Dutch pre-university curriculum. 
Teaching QP at this level is challenging because QP phenomena do not align with students’ 
classical concepts and might also contradict their positivistic ideas about physics. Many authors 
have advocated including philosophical aspects, different QP interpretations and historical 
discussions in QP lessons. Several reasons have been given, like that it will be appealing to a
diversity of students [1--3], that QP concepts are inseparably connected to philosophical issues 
[4], that students’ Nature of Science (NOS) are explicitly addressed [5], and that it is helpful to 
overcome conceptual QP problems  [6,7] 

Research showed that teaching philosophical aspects of QP in the classroom - for example 
discussing student’s interpretations and their own models – can be a way to address NOS and at 
the same time enhances content learning by stimulating higher-order cognitive skills [7,8]. 
However, the present state of implementation of NOS teaching in QP lessons is poor. Literature 
suggests several possible reasons for this: Generally, teaching NOS is difficult for teachers 
because they are not used to teach it explicitly and they might not see it as their main task [9],
because it is not tested in summative exams [10]. Teachers might also be unfamiliar with QP 
[11], or they might have rather uninformed NOS views themselves. 
Educational research that aims to have an impact in real-life classrooms can only be successful if 
it addresses real needs and if teachers experience them as a solution for a problem without 
adding practical complications. 
Therefore our research aim is threefold: (1) to investigate with what means – if at all – teachers 
prefer to integrate NOS teaching in QP lessons (2) to identify factors influencing decisions for or 
against  the use of specific research-based learning activities (3) to find possible connections 
between used strategies and students understanding of QP and NOS.

2 Research design and methods

We developed teaching material that combined QP content with NOS learning. This material 
offers several short units of teaching and learning activities that are known to stimulate students 
engagement and higher order thinking skills. These research-based instructional strategies can be 
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   3 Conclusion, outlook

Since numerical simulations are used in [2], we decided to prepare an additional e-material
[3] by means of which  students are able to monitor motions by themselves.  This introductory
material is based solely on the use of excel worksheets, and has been found to be useful (in
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the frames is short, we perceive the sequence as a time continuous change. Students  see by
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numerical solution enables them to incorporate effects typically neglected. By means of the
last  excel  worksheets  of  [3]  they can  convince  themselves  about  the  phenomenon of  the
sensibility to initial conditions as part of their own chaotic simulations. 
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used independently or in combination with any Dutch physics textbook. Nine teachers 
volunteered to participate in our research. After a short introduction by the researcher to explain 
and motivate the different strategies the teachers were invited to implement the teaching 
materials in their lessons, giving the teachers the option to adapt the materials to their regular 
practice. The material covered the Dutch national curriculum of QP plus explicit attention to 
NOS- aspects like the use of models, different interpretations of QP (as an example of 
controversies in science) and the history of QP. The materials used science videos, interactive 
simulations of experiments, concept questions for peer instruction, suggestions for student 
discussions, writing tasks and homework problems.  

During a period of four to six weeks, all teachers reported which element they (partly) used, 
how they used it and if it ‘worked’ in their lessons. We observed and videotaped selected lessons 
to get extra insight into how the material is implemented. All students participated in a pre- and 
posttest on QP concepts, and in a NOS test that were both developed in an earlier study. The 
student results and the information about used strategies will serve to find possible connections 
between both. At the moment most teachers are using the material, and we interview teachers 
and students about their experiences and problems. Finally, we will ask all teachers to reflect on 
their decisions and experiences in interviews.

3 Preliminary results and possible implications 

Although the experiment is running at the moment, our first impression is that teachers and 
students especially appreciate the videos and concept questions. Due to time restrictions, 
interactive computer simulations were often used as teacher demonstrations instead of 
individual exploratory learning activities. The use of discussion and writing tasks was 
inconsistent: few teachers thought that they were very useful, others felt that they cost too 
much time but that the students liked it and many teachers did not try it at all. All lessons will 
be finished in March. We expect to present the result of our analysis at the GIREP conference 
in July 2019. 
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Abstract. One hundred years after the birth of Richard Feynman, Nobel prize and Oersted medal 
laureate, the research-based pedagogical approach in teaching Feynman’s sum-over-paths 
quantum theory, as an alternative to the traditional approach, is constantly being developed and 
tested under various school conditions. In this context, we investigate the use of Feynman’s 
approach with Geogebra simulations on smartphones at secondary schools in the framework of 
flipped learning. Our preliminary results show the chosen pedagogical approach is viable, more 
motivating and not more abstract for students in comparison with in other areas of physics.

1 Teaching Feynman’s version of quantum mechanics 

Approximately in 1941, Richard Feynman, the Nobel prize and Oersted medal laureate, 
developed a third alternative version of quantum mechanics, mathematically equivalent with the 
Schrödinger and Heisenberg formulation. The formulation is called the amplitude formulation
and it is also known as “the sum-over-paths theory”, “the many paths approach”, “space-time 
approach”, “path integral formulation”. 

We recognize two important events in the pedagogy of teaching Feynman’s formulation.  At 
the end of 1970-s Feynman prepared and delivered a series of public lectures about quantum 
theory for non-physicists (http://www.vega.org.uk/video/subseries/8, [5]).  The second important 
event was Edwin Taylor’s idea to use interactive computer software for modeling quantum 
behavior in terms of Feynman’s approach [11]. Taylor's didactic transformation of Feynman's 
ideas was so significant that it led to the teaching of Feynman’s quantum mechanics at the first 
years of university study and also at secondary schools in the world – e.g. in the UK [3, 9], 
Slovakia [6], Argentina [4], Italia [7], Australia [8] or US [12].

2 Our mixed methods research at a secondary school

In our research-based flipped learning course [1,10] taught at Slovak secondary schools, we 
developed teaching materials of Feynman’s quantum mechanics supplemented by a set of own 
Geogebra simulations (www.geogebra.org) designed for smartphones. To get a better idea, we 
mention two examples: (1) Planck’s curve simulation for the blackbody radiation (the upper 
simulation in fig. 1), where a student can set any temperature. By moving points A, B he can 
investigate what fraction of energy is emitted within any finite range of photon energies. (2) The 
second example presents Feynman’s many-path model at work in the case of a mirror reflection. 
The simulation allows to move a source, detector, to choose any photon’s path reflected from the 
mirror and any photon wavelength. In several situations, we also use some simulations from 
Advancing Physics [8] and from PhET (https://phet.colorado.edu/).

Using mixed method research [2], we tried to answer to the following pedagogical problems: 
How do smartphones affect the teaching and learning process? How simulations in context of 
flipping learning contributes to visualization, motivations and students’ mental models? Our 
preliminary evaluated results show that the chosen pedagogical approach seems viable, more 
motivating and not more abstract for students in comparison with in other areas of physics. More 
detailed answers will be presented at the conference. 

C02-3

used independently or in combination with any Dutch physics textbook. Nine teachers 
volunteered to participate in our research. After a short introduction by the researcher to explain 
and motivate the different strategies the teachers were invited to implement the teaching 
materials in their lessons, giving the teachers the option to adapt the materials to their regular 
practice. The material covered the Dutch national curriculum of QP plus explicit attention to 
NOS- aspects like the use of models, different interpretations of QP (as an example of 
controversies in science) and the history of QP. The materials used science videos, interactive 
simulations of experiments, concept questions for peer instruction, suggestions for student 
discussions, writing tasks and homework problems.  

During a period of four to six weeks, all teachers reported which element they (partly) used, 
how they used it and if it ‘worked’ in their lessons. We observed and videotaped selected lessons 
to get extra insight into how the material is implemented. All students participated in a pre- and 
posttest on QP concepts, and in a NOS test that were both developed in an earlier study. The 
student results and the information about used strategies will serve to find possible connections 
between both. At the moment most teachers are using the material, and we interview teachers 
and students about their experiences and problems. Finally, we will ask all teachers to reflect on 
their decisions and experiences in interviews.

3 Preliminary results and possible implications 

Although the experiment is running at the moment, our first impression is that teachers and 
students especially appreciate the videos and concept questions. Due to time restrictions, 
interactive computer simulations were often used as teacher demonstrations instead of 
individual exploratory learning activities. The use of discussion and writing tasks was 
inconsistent: few teachers thought that they were very useful, others felt that they cost too 
much time but that the students liked it and many teachers did not try it at all. All lessons will 
be finished in March. We expect to present the result of our analysis at the GIREP conference 
in July 2019. 

References  

[1]  Garritz, A. (2013). Teaching the philosophical interpretations of quantum mechanics and quantum 
chemistry through controversies. Science & Education, 22(7), 1787-1807. 

[2]  Barad, K. (1995). A feminist approach to teaching quantum physics. Teaching the Majority: Breaking the 
Gender Barrier in Science, Mathematics, and Engineering, , 43-75. 

[3]  Johansson, A. (2018). Undergraduate quantum mechanics: Lost opportunities for engaging motivated 
students? European Journal of Physics, 39(2), 025705. 

[4]  Hadzidaki, P. (2008). `Quantum mechanics' and `Scientific explanation' an explanatory strategy aiming at 
providing `Understanding'. Science & Education.  

[5]  Abd-El-Khalick, F. (2012). Examining the sources for our understandings about science: Enduring 
conflations and critical issues in research on NOS in science education’. Int. J. Sci. Educ, 34(3), 353-374.  

[6]  Levrini, O., & Fantini, P. (2013). Encountering productive forms of complexity in learning modern 
physics. Science & Education, 22(8), 1895-1910. 

[7]  Bungum, B., Bøe, M. V., & Henriksen, E. K. (2018). Quantum talk: How small‐ group discussions may 
enhance students’ understanding in quantum physics. Science Education, 102(4), 856-877.

[8]  Redish, E. F. (1994). Implications of cognitive studies for teaching physics. Am. J. Phys., 62(9), 796-803.
[9]  Bartholomew, H., Osborne, J., & Ratcliffe, M. (2004). Teaching students "ideas-about-science": Five 

dimensions of effective practice. Science Education, 88(5), 655-682.  
[10]  Bøe, M. V., Angell, C., Bungum, B., & Henriksen, E. K. (2016). Quantum physics, history, philosophy and 

NoS in traditional physics classrooms NARST conference.
[11]  Giliberti, M., Lanz, L., & Cazzaniga, L. (2004). (2004). Teaching quantum physics to student teachers of 

SILSIS-MI. Paper presented at the Sec. Int. GIREP Seminar “quality Development in Teacher Education 
and Training”, Selected Contributions FORUM Editrice Universitaria Udinese, Udine, 425-429.



378

Fig. 1 Two screenshots of Geogebra simulations for quantum physics running on current smartphones
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the students can understand the data on which the oceanic and hydrological models of the 
scientist are based (Fig. 1).  

Fig. 1 GRACE- FO: Results of Laser Ranging Interferometer flies over the Himalayas [2]  

3 Results and conclusion 

This topic is suitable for use as a flipped classroom project [3] in physics teaching, and I
used it in my school with a grade 9 class. In my presentation I report about the pre-test and the 
post-test results obtained in my class in the spirit of Physics Education Research (PER). The 
pre-test and the post-test were the same. They consisted of 4 open questions. The questions 
were: 1.What was the experiment of Eötvös with which he could measure the gradient of 
gravity field of Earth? 2. What do we mean by space gravimetry? 3. How does a space 
gravimeter work? 4. How can subsurface water be detected?

Wording the pre-test questions and discussing the topic in class I kept in mind that “it is 
necessary to create knowledge of a subject which is not static and definitive, but in 
progressive and continuous evolution” [4].
We can conclude that the teaching of this topic is useful from more aspects:

 The method of “Flipped classroom” is very successful.
 It is motivating for the students to learn about contemporary methods of physics.
 By this topic student become more familiar with the English language, because most 

of the sources from which they work is written in English.
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Abstract. Within a three-years long PhD program, an educational path on optical spectroscopy 
has been developed in order to overcome the known-in-literature conceptual knots. The research 
has been articulated in 20 experimentations involving 540 17-19 years-old secondary school 
students making use of Design-Based Research (DBR) methodologies in the theoretical 
framework of the Model of Educational Reconstruction (MER). The research allowed the 
creation and test of original instruments as worksheets, tests and experiments. The monitoring of 
the learning outcomes making use of tutorials and tests in-out provided the references for the 
iterative revisions of the proposal in the various stages of the whole experimentation. 

1 Introduction  

In modern physics, optical spectroscopy plays a crucial role both on the theoretical and 
experimental point of view since it represents a conceptual bridge between classical and modern 
physics. In particular the study of discrete optical spectra offers an important disciplinary 
contribution on the epistemological plan of physics, since absorption and emission of quantized 
radiation are fundamental concepts, representing some of the main investigative tools based on 
light-matter interaction.  

Physics Education Research studies about secondary and university students’ conceptions 
about optical spectroscopy evidenced several learning difficulties, in particular concerning 
spontaneous models on the formation of discrete spectra and of their links with the quantized 
structure of atoms [1-3]. 

A Design-Based Research (DBR) approach helped in designing, in a three-years-long 
process, different educational proposals for secondary school students on optical spectroscopy. 
The proposals have been put into practice in different contexts, and the various stages of the 
whole experimentation will be here presented discussing the learning outcomes. 

Research questions are: 
RQ1. How does the refinement of the educational path contribute in overcoming the 
conceptual knots on optical spectroscopy?
RQ2. How does a DBR approach help in designing an effective educational proposal on 
optical spectroscopy?

2 Instruments and methods 

In the theoretical framework of the Model of Educational Reconstruction (MER) [4] by 
means of DBR methods [5] the educational approach to optical spectroscopy needs a 
reconstruction of the contents from an educational point of view starting from the founding 
cores of the topic, an analysis of the main conceptual knots and the main interpretative 
problems that have emerged from the history of physics, an exploration of students' 
spontaneous ideas and the design and test of educational proposals, composed by conceptual 
micro-steps, to be revised according to the outcomes of the various trials. 

The educational path was designed for secondary school students to actively involve them 
in experimental and interpretative tasks providing the foundational basis for optical 
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were: 1.What was the experiment of Eötvös with which he could measure the gradient of 
gravity field of Earth? 2. What do we mean by space gravimetry? 3. How does a space 
gravimeter work? 4. How can subsurface water be detected?

Wording the pre-test questions and discussing the topic in class I kept in mind that “it is 
necessary to create knowledge of a subject which is not static and definitive, but in 
progressive and continuous evolution” [4].
We can conclude that the teaching of this topic is useful from more aspects:

 The method of “Flipped classroom” is very successful.
 It is motivating for the students to learn about contemporary methods of physics.
 By this topic student become more familiar with the English language, because most 

of the sources from which they work is written in English.
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spectroscopy. The experimental activities allowed to highlight the link between the energy-
levels model of atoms and light emission observed with simple and low-cost spectroscopes. 

According to DBR methodologies, every intervention has been revised according to the 
previous outcomes in order to refine the research questions and the monitoring instruments. 
20 different interventions were carried out, including the assessment of learning outcomes by 
means of pre-tests, post-tests and tutorials with 540 17-19 years-old students. The same core 
and rationale of the path characterized the different interventions. However, the specific 
didactical trajectories differed in the order of the stimuli problems submitted to the students.  

Collected data are analyzed using the qualitative research criteria [6]: students' answers to 
open questions are used in order to create several categories, operationally defined, to identify 
the different aspects in the argumentations, their number and the conceptual referents of the 
interpretative models. It is therefore possible to detect the different kinds of resolution 
patterns and reasoning, the difficulties and the way in which they emerge.

3 Conclusion 

Questions asked to students turned out to be fertile in the spontaneous production of 
models describing the energetic structure of matter accounting for discrete spectra, 
stimulating students in moving from a descriptive to an interpretative level, developing their 
functional reasoning. The proposed experimental activities enriched the activities, and the 
employed strategies can be implemented in a conceptual path, since starting from 
observations it is possible to find the interpretative basis of microscopic processes described 
by modern physics. 

Qualitative analysis of students’ written answers allowed to assign significance to data 
collected in order to obtain indications concerning the usefulness of the proposed activities in 
the various stages of the research and the subsequent re-designing of the questionnaires and 
the refinement of the educational path. As an example, analysis of optical diffraction has been 
gradually implemented in the proposals due to students' emerged difficulties in distinguish an 
optical spectra from a diffraction pattern, or the description of the energy state of an atom 
using its energy levels, rather than an atomic model making use of orbits, turned out to be 
more effective in gaining a conceptual understanding of the phenomenology (RQ1). 

Thanks to a DBR approach, it is possible to point out the best strategies to design the 
setting up of effective educational interventions, in particular, a methodological approach in 
which qualitative and quantitative explorations of phenomena are performed seems to be 
fertile (RQ2), as well as specific activities in which students are asked to interpret the 
involved processes, which is the founding core of optical spectroscopy. 
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Abstract. Most current educational presentations of Quantum Physics (QP) still propose the 
same difficulties emerged during the early ‘900 years, often as a mean to engage students. But, 
instead of engaging students, those difficulties leave them confused because students lack the 
awareness of what a physical theory is and its relationship with the experiments. We will discuss 
this problem, both from the epistemological and the educational point of view and give 
indications to provide an increasingly solid foundation for the educational reconstructions of QP 
starting from Classical Physics) (CP), that must be reconsidered in view of the final objective.

1 Introduction 
Conceptual and technical understanding of modern physics is one of the hottest research 

topics in physics education, as evidenced by the general theme of the GIREP-ICPE-EPEC
conference 2019 titled “Teaching-learning contemporary physics, from research to practice”. On 
the other hand, despite the large presence in textbooks of modern physics topics, the quality of
most presentations is unsatisfactory: chapters about modern physics are just added with little 
attempt to create a bridge between (CP) and QP, while insisting, on the (apparently) paradoxical 
character of the latter. The results coming from Physics Education Research (PER) are 
sufficiently unambiguous and known for at least twenty years: many students (even graduate and 
master degree students in physics) show great difficulty in understanding the relevant aspects of 
quantum physics. In 2002, one of the prestigious Gordon Research Conference was entirely 
dedicated to this problem and a whole issue of the American Journal of Physics (Am. J. Phys., 
2002) has put in light the learning difficulties of university students in quantum mechanics. Even 
in Europe (for instance in Italy where modern physics is a compulsory topic at high school level) 
the problem has been tackled by most PER groups, (for example: Michelini, 2008; Tarsitani, 
2008; Giliberti, 2002a, 2002b, 2007, 2008): it emerged that, often, secondary school teachers do 
not have a coherent picture of QP. The traditional approach to QP is, in our opinion, is 
responsible of profound misunderstandings. To solve the problem, to have a coherent set of 
teaching instructions limited to QP is not enough: to introduce QP more smoothly we need to 
revisit the way CP is taught.

2 Background questions
In order to design a new learning path to modern physics, many questions are to be answered.

What basic conceptual aspects of QP should the average citizen know and why? Is it possible to 
present QP in secondary school in a honest and meaningful way? What cultural and disciplinary 
goals coming from to QP can be proposed to secondary school students? Do we need to change 
the way in which CP concepts are taught and understood? If so, which of them have to be 
revised?

3 A disciplinary framework for quantum physics education 
Many teaching paths, even those that do not follow a (pseudo) historical approach, are 

extremely lacking on a crucial point, that is, that the meaning and the “reality content” of QP
must be sought in the theory that describes the physics of the topic itself (Cavallini, 2009). This 
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is an obvious feature, shared by any other theory. Just as the concept of “force” gets its meaning 
from the mechanics of Newton and that of “electric field” is inseparable from the equations of 
Maxwell, the concepts of particle, of state or of quantum evolution are not a priori aspects of 
reality, but have their foundation in quantum mechanics. Moreover, forces and fields are not 
obvious and straightforward concepts for students, as proven by several observations. There is 
then no reason, a priori, to believe that QP concepts as state, operator, etc., should not be learnt 
with an effort comparable to that of classical concepts. 

Physical concepts are often proposed making reference to a mixture of ideas (Ogborne) that 
are uncritically taken from other areas and from other theories, with the addition of pre-scientific 
or common sense schemes (Ludwig, 2007). We propose a different approach, in which the 
experimental results are the guidelines for the construction of coherent mathematical pictures, 
without trying to stick to models based on common sense or everyday experience. Therefore, to 
avoid misleading interpretations that often come out when quantum concepts are mixed to 
classical concepts in common sense patterns, in the teaching of QP, we propose to conceptually 
start from its mathematical formalism, solidly based on experimental observations and develop 
the educational path within this disciplinary framework. Starting from some crucial experimental 
results, one have to induce the basic principle of the theory, that are to be understood in their 
mathematical and physical meaning and used to describe important real-world properties with no 
attempt to provide classical analogous of concepts that manifestly cannot exist.  

A didactic reconstruction of the contents of the new theory is essential; a rethinking of the 
teaching of QP is particularly useful, not only for its intrinsic potentiality, but also because it can 
help clarify many aspects that are related to key concepts of CP. 
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Abstract. We believe that some basic thoughts from the chapters of contemporary physics 
have to appear in secondary education. Here we consider a particular example arising in chaos 
theory that can be taught at mid-level. In systems in which dissipation does not play an 
important role chaos often appears in coexistence with quasi-periodic motion [1]. I have 
developed and taught an educational material based on the principles of Physics Education 
Research (PER) to introduce this concept, not included in the secondary school program but 
also present in classical areas of physics, to students via non-chaotic examples.

1 How do we teach with PER 

Physics Education Research becomes a context for developing research projects carried out 
following parallel research lines on: Teaching/Learning paths for didactic innovation, 
cognitive research, ICT for strategies to overcome conceptual knots in physics; E-learning for 
personalization; Computer on-line experiments and modelling; Informal learning in science 
[2].

2 Quasi-periodic motion of the bouncing ball down the stairs

The program is designed for students in the last years of high school, and begins with a test in 
which I measure the knowledge of concepts related to the subject but regularly included in the 
curriculum (or standard extracurricular programs), such as periodic and non-periodic motions, 
composition of perpendicular oscillations, Foucault’s pendulum.

The teaching material, designed for the two lessons, starts with a brief theory, with examples, 
and goes on in an interactive way. The pre and post tests are based on the principles of PER, to 
examine the effectiveness of this brief expansion. A few examples of test questions are:

“Is the motion of the planets periodic? (Keep in mind the intaractions among the planets.) ”
“Can you specify a condition under which the perpendicular superposition of two oscillators 

of different frequency performs a periodic motion (perhaps with a long period)?”
We learn the concept of quasi-periodic motion via the superposition of two perpendicular 

oscillations, and with a pendulum that gets an instantaneous single kick perpendicularly to its 
motion in the horizontal plane, and go on with the study of Lissajous curves and Foucault’s 
pendulum. We observe the existence of a second period in general quasi-periodic motions, 
including those of the planets, such as Mercury, which is indicated by a slow rotation of the axis 
of the elliptical orbit. We conclude that the quasi-periodic motion is a movement that seems to be 
periodic for a short period of time but does not return exactly to its original position. It is usually 
characterized by two periods in an approximately irrational ratio: one characterizes a basic 
oscillation, and the other the period of the approximate return of the initial position. We discover 
a general property: when looking at a quasi-periodic motion on the position-velocity plane 
sampled after one of the characteristic periods, one always finds an ellipsis-like closed curve. 
This is in contrast with strictly periodic motions which appear in the same representation as a set 
of isolated points.

As an additional subject, we discuss the motion of a small, flexible ball bouncing down the 
stairs, which was investigated earlier from the point of view whether the motion is chaotic or 

C03-2
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from the mechanics of Newton and that of “electric field” is inseparable from the equations of 
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reality, but have their foundation in quantum mechanics. Moreover, forces and fields are not 
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"just" complicated. The dynamics was found to be typically quasi-periodic [3]. For students, it is 
possible to become familiar with this bouncing motion through a freely available simulation on 
the website of our school: crnl.hu/stairway, where they can run the simulation with parameters of 
their own choice, and follow the motion in different representations.  

When plotting e.g. the vertical velocity component vn at the n-th bounce as a function of this 
discrete time, one clearly sees that regular repetition is broken down from time to time, which 
can be compared with the only approximate return of the path in the superposition of two 
perpendicular oscillations (Fig.1).  

Fig. 1 Left: The path of a motion resulting from the superposition of two perpendicular oscillations (a Lissajous
curve). Right: quasi-periodic bouncing of a ball down the stairs. The velocity time series vn vs the number n of 

bounces is shown (for a ball of bouncing coefficient k = 0.75). It is clearly seen that the motion is almost repeated 
after every fourth bounce, but the ‘outliers’ always prevent exact repetition. 

The tests used in the educational experiment have been developed in several rounds, in the 
hope of getting a better measure of the effectiveness of acquiring the desired knowledge. 
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Abstract. We proposed to a class of high-school students a laboratorial learning path focused on 
VIS-IR imaging and spectrometry applied to artworks and on false-color reconstruction. The 
proposed path makes it possible to introduce fundamental concepts of Optics and takes advantage 
both of the strong interdisciplinary connections with human sciences and of the most innovative 
applications of Physics. 
 
 

1 Introduction 
 
Starting from a previous interdisciplinary project on Optics applied to the analysis of artworks 

[1], we proposed to a class of high-school students a laboratorial learning path on optical 
techniques for artwork analysis focused on VIS-IR imaging, spectrometry, and false-color 
reconstruction. The learning outcomes are investigated through pre- and post- assessment 
questions. The teaching sequence including inquiry-based seminars and laboratorial activities 
on geometrical optics, imaging, and spectrometry was developed at the OpDATeCH (Optical 
Devices and Advanced Techniques for Cultural Heritage) Laboratory of the University of 
Verona in Italy. The total duration of the activity is 5 hours in five inquiry-based sessions, each 
one including an introductory part followed by a practical laboratory. Key features are active 
participation of the students, practical design, interdisciplinarity, and use of Do-It-Yourself 
(DIY) low-cost materials, whose educational value is highlighted by international literature [2-4]. 

Through experiments based on assembling and using optical instrumentation students can 
explore and understand some fundamental concepts of Optics. According to the Problem Based 
Learning (PBL) paradigm, students are not guided step-by-step by the teachers: they are, instead, 
assigned a final goal and are let free to arrange the instrumentation and manage the work. In this 
educational setup, the role of teachers is mainly that of a facilitator [5,6].  

 
2 Didactic strategy and learning path 
 
The first lesson is dedicated to Geometrical Optics and image formation, with particular 

reference to the optical chain elements, source-lens/filter-detector. The second lesson focuses on 
Color Theory and on the visible and infrared spectrum of electromagnetic radiation. In the third 
lesson students are introduced to Imaging and Spectrometry as fundamental applications of 
optical techniques to the analysis of artworks. These two techniques are then combined into 
multispectral imaging.  The last two lessons are devoted to the more specific techniques of near 
infrared reflectography and false-color image reconstruction for paintings analysis. 
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possible to become familiar with this bouncing motion through a freely available simulation on 
the website of our school: crnl.hu/stairway, where they can run the simulation with parameters of 
their own choice, and follow the motion in different representations.  

When plotting e.g. the vertical velocity component vn at the n-th bounce as a function of this 
discrete time, one clearly sees that regular repetition is broken down from time to time, which 
can be compared with the only approximate return of the path in the superposition of two 
perpendicular oscillations (Fig.1).  

Fig. 1 Left: The path of a motion resulting from the superposition of two perpendicular oscillations (a Lissajous
curve). Right: quasi-periodic bouncing of a ball down the stairs. The velocity time series vn vs the number n of 

bounces is shown (for a ball of bouncing coefficient k = 0.75). It is clearly seen that the motion is almost repeated 
after every fourth bounce, but the ‘outliers’ always prevent exact repetition. 

The tests used in the educational experiment have been developed in several rounds, in the 
hope of getting a better measure of the effectiveness of acquiring the desired knowledge. 
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The strongly interdisciplinary approach takes advantage of the integrated involvement of 
two different kind of professionals: physicists and conservation scientists.  

 
3 Learning outcomes 

 
Analysis of pre- and post-assessment test is in progress. Main results will be presented at 

the conference.  
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Abstract. Health effects of radon, most notably lung cancer, have been investigated for several
decades. Therefore, indoor radon monitoring is a great way for considering the problem of natural 
radioactivity but also a way to insert phenomenological elements in physics education useful for 
understanding the crisis of classical physics and for introducing to modern physics. The 
RADIOLAB project allowed to explore the possibility of a rapid introduction of elements of 
modern physics for younger students.

1 Introduction  

The World Health Organization first drew attention to the health effects from residential 
radon exposures and promoted effective strategies for reducing the health impact of radon and to 
raise public and political awareness about the consequences of long term exposure to radon [1].

The RADIOactivity-LABoratory (RADIOLAB) is a project promoted by the National 
Institute of Nuclear Physics (INFN) to improve awareness on the importance of monitoring 
radon exposure in environments. It is a nationwide initiative and its focus is on a hands-on
measurement of indoor radon contamination realized in secondary schools. Students start with a 
survey on radon in the school and surroundings, follow a learning path to introduce nuclear 
phenomena, are introduced to measures of radon concentration by using active and passive 
detectors, they design a series of measures and implement them.

In South Tuscany, the project started one year ago with the purpose to expand the various 
activities in an interdisciplinary teaching-learning an interdisciplinary path in such a way that it 
becomes a bridge between health issues and nuclear phenomena often feared in a visceral and 
uncritical way. The scientific analysis of phenomena and their quantification through measures is 
an essential point in the scientific literacy of citizens. Equally important aspects of the path are 
the introduction to nuclear phenomena, which are an essential element for understanding modern 
physics, and the need to link multiple topics from different disciplines to implement the 
measures.

Interdisciplinary topics are usually more effective in teaching because they are able to arouse 
greater interest and motivate students [2-3]. This is even more true in the case that the topics 
treated are perceived as relevant to health and concern phenomena that are not perceivable. A 
further feature that makes this journey fascinating and effective is to insert the key moments of 
understanding the complexity of nuclear phenomenology in a historical perspective both in the 
scientific field and in choices that have changed the history of contemporary society.

.

2 RADIOLAB in South Tuscany

The project started one years ago with few students (11 age 16-17 y) from a high school. an 
event dedicated to teachers (The Radon Day) was organized to raise awareness of the possibility 
of recruiting students to this path. Actually, in the project there are 4 schools (Siena, Grosseto, 
Arezzo, Abbadia S. Salvatore SI) for a total of 8 classes and 152 participants (16-18 y).

Students start with a survey on radon in the school and surroundings, follow a learning path to 
introduce nuclear phenomena, are introduced to measures of radon concentration by using active 
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and passive detectors shown in figure 1. They are designing a series of measures and implement 
them. 

 

Figure 1. On the left and center, a passive detector CR-39 with a diffusion chamber. On the right the detector CR-39
after the chemical etching view with a microscope, on the top a schematic representation of  tracks in the detector.

3 Conclusion 

Although the project is still ongoing for many students (6 classes), the main results obtained 
are reported in terms of involvement, understanding of the phenomena, statistical analysis of the 
experimental data and the survey. A further analysis on the effectiveness of the teaching proposal 
can be made in the last year of studies in which the study of modern physics will be formally 
introduced. 
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Conceptual Quantum Physics for Pre-service Science Teachers
Nilüfer DİDİŞ KÖRHASAN

Zonguldak Bülent Ecevit University, Faculty of Education, 67300, Karadeniz Ereğli-Zonguldak, 
Turkey

Abstract. This study aims to investigate pre-service science teachers’ understanding the concepts 
of quantum theory. An undergraduate-level elective quantum physics course focusing on the 
fundamental ideas of quantum theory was developed. During the fourteen-week semester,
conceptual questions about topics following the lectures were posed to pre-service teachers by 
using a web-based electronic response system. They were also allowed to discuss the questions 
with their peers after their individual responses. The results of this study reflect pre-service 
science teachers’ conceptual development over the semester.

1 Introduction 

Quantum theory forced physicists to reshape their ideas of reality by rethinking the nature of 
things deeply and revising their conceptions [1]. It is one of the most successful theories in the 
history of physics and it radically changed the humans' view of world [2]. However, many 
students have difficulty in learning quantum theory because of its abstract, counter-intuitive 
and mathematical nature. Instructors teaching quantum theory also have difficulty in teaching 
because it brings new philosophy as well as bringing new concepts [3-9]. This study aimed 
investigate pre-service science teachers’ understanding the concepts of quantum theory in an 
undergraduate-level quantum physics course. 

2 Methodology

Pre-service science teachers registered to the elective quantum physics course participated in 
the study. Fundamental experiments in quantum physics, matter and waves, uncertainty 
principle, atomic structure, Schrödinger wave equation, tunneling etc. topics introducing the 
primary ideas of quantum theory were the focused over the semester. After the explanation of 
each topic, conceptual questions prepared in different forms such as multiple-choice, short-
answer, true-false were posed to the teacher candidates with a web-based electronic response 
system. They were requested to answer the questions fist individually and then with their peer 
groups over the fourteen-week semester [10].

3 Results & Conclusion

Qualitative and quantitative analyses of the data of this study indicate pre-service science 
teachers’ conceptual development over the semester.
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The Role of Mathematics in Quantum Physics Instruction

Elina PALMGREN, Tommi KOKKONEN

University of Helsinki, Department of Physics, FI-00014 University of Helsinki, Finland
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Abstract. Learning quantum physics requires making a big leap in one’s thinking; to grasp the 
physical theory, one must abandon the classical worldview. To help students make this transition, 
it would be beneficial in instruction to use the mathematical theory as a background, on top of 
which to build the physical understanding. The quantum mechanical systems should be linked to 
the overall mathematical structure to anchor the physical phenomena to the theory. In this talk, 
we will present one way of constructing the global mathematical structure of the quantum theory 
and discuss its application in instruction.

1 Background 

Quantum physics is a challenging topic to learn. Classical paradigms are very far from the 
ones in quantum physics and therefore the learner of the topic is required to make a big leap in 
their thinking. Moreover, the mathematical machinery behind the theory is heavy, and the 
physical interpretations given to the mathematically expressed phenomena are often in 
contradiction with the every-day logic.

Traditionally quantum physics has been introduced to students by starting with wave 
functions in the position space and making explicit relations between classical and quantum 
phenomena. Wave functions are often thought to be relatively intuitive quantum objects because 
of their resemblance to classical waves – and hence easy to be assimilated to one’s classically 
based thinking. However, it has been pointed out in the previous research literature that 
persistent classical models may even hinder learning of quantum concepts [1, 2].

Operating with the wave function formalism requires making use of a heavy mathematical 
machinery, which can overshadow the possible advantages of the linkage to classical waves, and 
in the name of physical clarity, the connections between mathematical theory and its physical 
interpretations are often left weak. As noted by Dreyfus et al. (2017) the connections between 
mathematics, intuitive conceptual schema, and the physical world are more compound and 
indirect in quantum physics than in classical physics. However, the aim of the instruction should 
be learning to see coherence between the structure of the mathematical formalism and functional 
relations in the world [3]. If the role of mathematics is instead seen only instrumental in the 
instruction, students are easily tempted to assume the “plug and chug” mentality [4].

The understanding of difficulties in learning quantum physics has grown steadily over the last 
years, as studies have explored the topic from several different points of view (e.g [2, 5, 6]).
However, the understanding of the subtleties with learning the global theory structure is – to the 
best of our knowledge – absent, as the studies have concentrated on bits and pieces of the theory. 
Our proposal is to take a more global standing and to approach the instruction of quantum 
physics from its mathematical foundations. This way the mathematical theory gives a natural 
background, on top of which to build the physical understanding.
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2 Meeting the Challenges in terms of mathematics

The basic idea of our proposal is to connect the system under consideration (e.g., a free 
particle in a position space) to the global mathematical theory structure and to regard it with 
respect to this overall construction. In this setting, every physical system is characterized by a set 
of observables, physically, the variables describing the system (e.g., position or momentum 
describing the motion of a wave packet). In quantum physics, for an observable there is a 
corresponding operator belonging to an operator algebra and operating in a Hilbert space formed 
by the possible states of the considered system. Defining the physical system and choosing the 
set of observables describing it, impose the choice of the physical representation for the system. 
For example, we can in many cases make the choice to represent our system in a state vector 
space or a wave function space. These representations for the same system are isomorphic.      

Globally, the theory may be considered as consisting of a category of operator algebras and 
another category of Hilbert spaces (and the field of complex numbers, on which the whole theory 
is defined on). Physical systems are formed as subspaces of these larger categories. This 
connection should be emphasised in the instruction to anchor the physical phenomena to the 
theory. Linking physics this way to the theory landscape could lead to more profound 
understanding than basing the teaching on disjointed, physical example systems and semi-
classical experiments. 

It is, of course, not necessary for the students of quantum physics to know the 
mathematical theory thoroughly. However, an instructor of quantum physics should be aware 
of the global structure of the theory to be able to present the material in a coherent way.

3 Discussion 

This work is an attempt to construct a structural representation of the quantum theory and to 
examine the potential of tying the mathematical theory more closely to teaching of quantum 
physics from the concept formation perspective. We hope to provide the instructors a didactical 
schema for designing their teaching of quantum physics. Results of the study can be applied 
especially on advanced-level teaching and instruction. A better understanding of the 
mathematically emphasized concept formation in advanced physics topics will help us develop 
physics teaching on the upper-secondary and higher education levels. The aim is to make physics 
more accessible to learners, and to encourage more students to explore advanced topics of 
physics. 
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Abstract. In order to support students in building a well-organized knowledge structure on 
quantum mechanics (QM), as well as to provide insight on what to teach about basic QM, I 
performed an analysis of basic quantum knowledge. The analysis was conducted according to 
the Model of Educational Reconstruction (MER).  The end-product is a framework focusing on 
the relations between observables (RBOs) which, if used as lens to look at the quantum state, 
provide predictive power on the results of the fundamental processes, justify the choice of
formal tools and explain how they encode physical information.

1 Introduction  
QM is a discipline of ever growing importance in education [e.g. 1], both at university and 
secondary school level, but is generally considered a challenging subject matter.
At university level, students have difficulty mastering concepts and applying formalism in 
order to make predictions and to obtain information of a qualitative nature [2]. Even after 
completing the course, their knowledge is often fragmented, i.e. in small, disconnected pieces 
of mostly mathematical nature [3], thus confirming that the gap between conceptual and
quantitative learning gets wider from the introductory to advanced level [4]. In secondary 
school, students are often unable to connect quantum behavior to the physical reality as they 
see it, which results in a mix-up of classical and quantum concepts [1].
At both levels, teaching-learning sequences (TLSs) and tools have been developed to address 
these difficulties [e.g. 1, 5]. However, the presentation and the choice of the domain specific 
content remains an issue: there is no consensus on the organization of the content for
university courses [6]; at secondary school level, the debate remains open both on the 
question of which topics to cover and on which aspects of each topic to include [1].

2 The Hierarchical Structure of Experts’ Knowledge in Physics Domains
While the number of researches on student understanding of QM and instructional material is 
ever increasing, student difficulties in overcoming fragmentation – as a necessary step for 
achieving expertise - and the lack of consensus on the content for instruction highlight the need 
to deepen the analysis of the structure of basic quantum knowledge. 
In order to get my bearings in this analysis, I drew on literature concerning expertise in
physics [2, 4, 7]. Experts’ knowledge in physics is organized in hierarchical way, with the top 
of the hierarchy containing the major principles and concepts of the field. Procedures for 
applying them are closely linked to the principles themselves, and are retrieved with relatively 
little cognitive effort when a major principle is accessed from memory.
As the identification of the elements at the top and of their connections with the procedures 
may provide a basis for supporting students in the development of a well-organized 
knowledge structure, I asked: what are the organizing principles of basic quantum 
knowledge? (RQ1)

3 In the Search for Organizing Principles in QM: Analysis
RQ1 has been addressed in a multi-step process according to the MER [8].
Firstly, an analysis of the only study available on problem categorization in QM [6] led to 
identify two candidates for the fundamental processes that need to be explained: measurement 
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and time evolution in the absence of measurement. The centrality of these processes in QM 
education was confirmed by an analysis of a comprehensive review of difficulties [4].  
As a consequence, I formulated the following sub-questions: which concepts might account 
for the possible results of the fundamental processes? (RQ1.1). Which concepts might account 
for the way in which information regarding the two processes is encoded in the formal 
representation of quantum systems? (RQ1.2). 
Secondly, an analysis of key textbooks allowed me to identify a first candidate for the 
organizing principle: the notion and the formal representation of the quantum state. 
Finally, results of investigations on student understanding of the quantum state [e.g. 9] guided 
me to refine the focus, from the state to its interplay with the operator structure of the 
observables and, in particular, to the RBOs and their connection with the formal 
representation. 

4 Discussion and Implementation 
By looking at the quantum state through the lens of the RBOs, we can predict the qualitative 
outcome of measurement and time evolution in a vast range of situations (RQ2.1). In addition, 
the RBOs can explain how information on the processes is encoded respectively in the 
modulus and in the phase of the coefficients of superposition states and of wavefunctions 
(RQ2.2).  
RBOs can also justify the emergence of peculiar aspects of quantum behavior and 
mathematical structure. Specifically, incompatibility of observables accounts for the 
emergence of quantization (countable spectra) and for the use of Hilbert space constructs in 
the theory. As to compatibility, it accounts for constants of motion and, when involving 
degenerate observables, it completes the physical description of quantum superposition for 
what concerns the two processes. As a consequence, it is not possible to build a coherent 
mental model of QM without taking the RBOs into account, with special regard to the 
peculiar case of energy. 
These results have been used to develop a questionnaire for testing student ideas on the role of 
the RBOs in the two processes and the use of Hilbert space constructs [10]. Their adaptation 
for high school students, i.e. the relations between properties, can provide predictive power on 
measurement without introducing the state, and are being employed in the design of a TLS.
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Abstract. The peculiar properties and interpretation of the wavefunction is the core of quantum 
mechanics. The superposition states, generated by the linearity of the Schrödinger equation, are 
dramatically diverse with respect to classical state and represent the true quantum states. By using 
a Mach-Zehnder interferometer we can experimentally show how a single photon in a polarization 
superposition state can produce interference. The experimental setup includes a strongly attenuated 
laser, polarizing beam splitters, half-waveplates, polarizers and single-photon detectors.

1 Introduction  

Since the school year 2014-2015 quantum mechanics has been included in the Italian physics 
curriculum for the final year of scientifically-oriented High Schools (Liceo Scientifico). High-
school textbooks present the principles of Quantum Mechanics with a historical approach,
discussing the basic experiments and results obtained in the first two decades of XX century. What 
is usually missing is the presentation of the properties and interpretation of the wavefunction, 
solution of the Schrödinger equation. In particular, the superposition principle and the quantum-
mechanical concept of probability, which are the origin of the weirdness of Quantum Mechanics, 
remain unexplained. Nevertheless, from the cultural point of view, these concepts are absolutely 
relevant, also in view of the forthcoming quantum technologies applied to quantum computing and 
quantum information.

To illustrate the existence of superposition states, textbooks often describe single-electron
interference occurring when electrons impinge on a double slit one at a time. Unfortunately, this 
experiment cannot be easily reproduced. The analogous experiment performed with single photons 
in a superposition of polarization states has been studied in several papers since late ‘90 [1] and 
extensively discussed in the book “Sneaking a Look at God’s Cards” by Giancarlo Ghirardi [2].

Here we present an experimental realization of a single-photon interference, in which the 
approximation of the single-photon state is obtained by attenuating a laser beam down to the so-
called “single-photon” level, and the light is detected by single-photon avalanche detectors. The 
photons are injected in Mach-Zehnder interferometer and an interference pattern can be observed
even when the single-photon approximation is fulfilled and the detectors click very rarely.

2 Didactic implementation 

The experimental activity was initially set-up in 2006 as a laboratory course for Insubria 
University students and then proposed to High School classes in the framework of the “Progetto 
Lauree Scientifiche” of the Italian Ministry of Education. Classes had to come to University to 
perform the experiment. In 2009 we realized a portable version of the apparatus, reasonably stable 
and easy to align, to bring the experiment directly in the High Schools. 

The experimental setup shown in Fig. 1 (left) includes a strongly attenuated laser, polarizing 
beam splitters, half-waveplates, polarizers and single-photon detectors. Figure 1 (right) shows the 
results for the measured interference pattern obtained by accumulating single detection events. We 
note that the apparatus is rather complicate and includes many optical devices whose role in the 
experiment is shortly explained to students.

While performing the experiment, the students are guided to follow the reductio ad absurdum
reasoning described in [2]. Time is necessary to proceed very slowly to avoid logical errors. The 
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and time evolution in the absence of measurement. The centrality of these processes in QM 
education was confirmed by an analysis of a comprehensive review of difficulties [4].  
As a consequence, I formulated the following sub-questions: which concepts might account 
for the possible results of the fundamental processes? (RQ1.1). Which concepts might account 
for the way in which information regarding the two processes is encoded in the formal 
representation of quantum systems? (RQ1.2). 
Secondly, an analysis of key textbooks allowed me to identify a first candidate for the 
organizing principle: the notion and the formal representation of the quantum state. 
Finally, results of investigations on student understanding of the quantum state [e.g. 9] guided 
me to refine the focus, from the state to its interplay with the operator structure of the 
observables and, in particular, to the RBOs and their connection with the formal 
representation. 

4 Discussion and Implementation 
By looking at the quantum state through the lens of the RBOs, we can predict the qualitative 
outcome of measurement and time evolution in a vast range of situations (RQ2.1). In addition, 
the RBOs can explain how information on the processes is encoded respectively in the 
modulus and in the phase of the coefficients of superposition states and of wavefunctions 
(RQ2.2).  
RBOs can also justify the emergence of peculiar aspects of quantum behavior and 
mathematical structure. Specifically, incompatibility of observables accounts for the 
emergence of quantization (countable spectra) and for the use of Hilbert space constructs in 
the theory. As to compatibility, it accounts for constants of motion and, when involving 
degenerate observables, it completes the physical description of quantum superposition for 
what concerns the two processes. As a consequence, it is not possible to build a coherent 
mental model of QM without taking the RBOs into account, with special regard to the 
peculiar case of energy. 
These results have been used to develop a questionnaire for testing student ideas on the role of 
the RBOs in the two processes and the use of Hilbert space constructs [10]. Their adaptation 
for high school students, i.e. the relations between properties, can provide predictive power on 
measurement without introducing the state, and are being employed in the design of a TLS.
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topic is rather difficult and the reasoning unusual, closer to philosophy than to experimental 
physics, but part of the interest of the subject is in its oddity.

Fig. 1 Left: scheme of the experimental setup. Right: experimental results for the single-photon interference pattern.

As a didactic strategy, we proposed the experiment either to entire class groups, together with 
physics teachers, so that the activity could be inserted in the physics curriculum, or to self-selected 
groups of interested students, as a university career counseling. The first choice involves students 
having different levels of mathematical and physical skills and different levels of interest in the 
subject. In this case, the satisfaction of the students was variable, strongly dependent on the 
personal involvement of the class teachers. In fact, not surprisingly, best results and appreciation 
came from students whose teachers actively participated in the preparation of the activity, by 
attending the introductory lectures at University and by developing suitable lectures for their 
students. The second choice brings together much more interested and skilled students and opens 
the possibility of deeper discussions based on the questions put forth by the students themselves.
In this case, the satisfaction of the students was very high.

The collaboration with students and their teachers led to the production of certain number of 
works presented at the High School final exam. Moreover, the activity was presented to some 
national workshops [4,5] and some teachers participating in the activity wrote educational papers 
describing the topic and the development of the activity [6].

3 Conclusion 

Even if the topic of the superposition states is hard to handle even for specialists, we have 
demonstrated that the subject can be made understandable to High-School students, provided that 
enough time is allocated for the discussion of all the questions coming from the students.

As a final observation, we note that the experimental apparatus can be also used to address other
aspects of the quantum nature of light, such as the statistical nature of the measured number of 
photons, and to show possible applications of the quantum properties, such as the conditional 
generation of random numbers.
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the possibility of deeper discussions based on the questions put forth by the students themselves.
In this case, the satisfaction of the students was very high.

The collaboration with students and their teachers led to the production of certain number of 
works presented at the High School final exam. Moreover, the activity was presented to some 
national workshops [4,5] and some teachers participating in the activity wrote educational papers 
describing the topic and the development of the activity [6].

3 Conclusion 

Even if the topic of the superposition states is hard to handle even for specialists, we have 
demonstrated that the subject can be made understandable to High-School students, provided that 
enough time is allocated for the discussion of all the questions coming from the students.
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Students and the Wonderland of Exoplanets
Zsuzsa HORVÁTH

Highschool College for Girls, Budapest, Hungary

Abstract.   Most of the high school students, especially girls, do not like physics, but they like 
learning about alien life, exoplanets, space travel and other astronomical topics. These are 
popular themes in movies, in computer games or just in the popular media. We can motivate 
our pupils to learn physics through astronomical themes. I would like to demonstrate that 
exploring other worlds, like exoplanets is an effective tool in supporting learning and teaching 
physics, because the related astronomical concepts are easy to understand. I promote the results 
of my research to my colleagues. 

1 Introduction to the exoplanets  

To search for life beyond our Solar System, one of the first steps is to find an exoplanet 
that might support life. Exoplanets are planets that orbit a star different from the Sun. The 
discovery and characterization of exoplanets is one of the most exciting and fast-changing 
areas in modern astronomical research [1].

Based on the Kepler Mission's scientific results, exoplanets outnumber stars [2]. More than 
20 percents of the stars in the sky are likely to have small rocky planets that are in the 
habitable zones of their stars. Exoplanets are diverse, the most common sizes of exoplanets 
(super-Earth and mini-Neptune) that Kepler found do not exist in our Solar system. 
Exoplanets are common around different types of stars. The planetary systems are diverse too. 
It was a surprise to find such a compact system (TRAPPIST-1) in which seven planets are 
orbiting closer to their parent star than Mercury to our Sun (Fig.1). There are exoplanets also 
in binaries, multiple-star systems, and in star clusters [1].

Fig. 1 An artist's illustration of the seven TRAPPIST-1 planets. Credit: NASA-JPL/Caltech  

Astronomers have already discovered almost 4000 exoplanets and there are another 3000 
exoplanet candidates. Finding a Solar System-analog planetary system or an Earth-analog 
exoplanet which can host life are the main goals of searching for exoplanets. Important targets 
are the nearby stars too. The closest exoplanet orbiting a star is the Proxima Centauri b and is
one of the possible habitable rocky planets. 

 

2 Didactical tools 

We can explain the differences and similarities between our and other planetary systems to 
our students. The more we learn about exoplanets and planetary systems, the more we know 
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about the Earth and the Solar System. There are many online astronomical resources about 
exoplanets [3], we should show our pupils which websites are reliable. The students can make 
their own research regarding one chosen exoplanet or a selected group of exoplanets, for 
example the habitable ones.  

Two of my 15-year-old students created a science fiction comic. They looked for a close 
and habitable exoplanet where their story takes place. The Gliese 667 Cc exoplanet with three 
stars, triple sunrises and sunsets caught their imagination. In the course of our work we 
acquired a lot of knowledge about extrasolar planets. They made a power point presentation 
which they presented to their class-mates and other students on a school event called Student 
Academy. They arouse the interest of their school-mates about exoplanets and they answered 
the audience’s questions also.

Another student of mine showed special interest in astrobiology. In a project specially 
planned for him we made a deep study of the Drake equation. He wanted to find out if we 
were alone in the Universe, and as a part of the project he made a simple survey to gain 
information what his school-mates think about the factors of the Drake equation. Having 
found in the study that it is a blank page in their knowledge, we prepared a short presentation 
to make the topic better understood. We presented it in the Student Academy.    

Some students like to solve physics or astronomical problems. There is a lack of exoplanet-
related problems, so our aim was to fill this gap. We compiled a series of exercises for high 
school students and made them publicly available [4]. These problems often involve actual 
research data, and most of them include scientific background information. In 2019 Hungary 
organizes the International Olympiad in Astronomy and Astrophysics. In the preparation for 
the competition our modern astronomical problem collection is definitely a great help. 

There are other methods I would like my colleagues to know about. These are projects that 
are related to exoplanets, and among them we can find citizen science projects too (Exoplanet 
Explorers, Planet Hunters TESS, Backyard Worlds: Planet 9) [5], [6].   

 

3 Conclusion 

Activities related to exoplanets and astrobiology help to understand our place in the 
Universe and develop critical thinking. They also engage and inspire our students to learn 
more physics.  
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Quantum mechanics – innovative teaching for high-school 
Efraim Yehuda WEISSMAN, Avi MERZEL, Nadav KATZ, Igal GALILI  

The Hebrew University of Jerusalem, Israel 

Abstract. This study presents a new approach to teaching quantum physics in high-school 
physics courses facing the extremely deficient and fragmented treatment of quantum mechanics 
at present. The suggested curriculum adopts the paradigm of discipline-culture in representing 
physics knowledge. In accordance, the curriculum is structured in nucleus-body-periphery 
emphasizing the principles (nucleus), their illustration (body) and their contrast with the classical 
postulates (periphery). The results of an experimental application show a positive impact on 
students’ conceptual knowledge and students’ nature-of-science understanding.  

1 Introduction  

In many countries, the modern physics curriculum of high schools includes only a few 
fragments from the historical dawn of Quantum Physics (QP) theory such as the photo-electric 
effect, Bohr’s model of the Hydrogen atom, and radioactivity, without hierarchical structure, and 
without understanding the conceptual contrast between classical and quantum theories. Yet, 
teaching QP in high-school, we need to avoid oversimplification [1] and should emphasize the 
new principles, instead of starting from classical concepts and then explaining the differences 
[2]. In this study we apply the discipline-culture organization of a physics theory [3]. We have 
developed an alternative curriculum of QP in high school and experimentally applied it. 

2 Curricular background

There is a spectrum of approaches for teaching QP [e.g. 4-9]. In the allotted time in high 
school a historical approach is impractical and the students lack the required background in 
electro- and thermodynamics. Some approaches draw on a more extended teaching (13th grade; 
like in Germany and Italy) yet somewhat lacking holistic organization of knowledge elements.  

Typical teaching does not follow a hierarchical consideration of definition of concepts like the 
wave function, quantum states wave-particle duality and other fundamental concepts [10]. In this 
sense, our study is innovative and fills the lacuna in researches on teaching quantum physics. 

The absence of structure and hierarchy in physical theory is a problem that exists in other 
areas of physics as well. Therefore, Tseitlin and Galili [3] suggested addressing a hierarchical 
structure of fundamental physical theories to be introduced in physics teaching. In this approach, 
called discipline-culture (DC), each theory is represented in the structure of a nucleus-body-
periphery. The nucleus includes the basic principles, the body has the applications, and the 
periphery is the alternative understandings to the theory. We adopted this approach in 
construction of a new curriculum for teaching QP.  

The DC-based curriculum implies learning of the triple faceted subject matter continuously 
combining basic principles, applications, and compared with parallel alternative understandings. 

An example of DC approach is the concept of wave-particle duality. The nucleus includes 
probabilistic meaning of wavity, the body knowledge includes phenomena illustrating 
interference and diffraction, and the periphery includes misconceptions and alternative 
understandings, like the concept of the electron as “smeared cloud”. In our course the students 
learned about the wave function as representing the probability meaning of the wavity, and did it 
in adapted quantitative approach. 
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organizes the International Olympiad in Astronomy and Astrophysics. In the preparation for 
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3 Method 

The first part of the research was constructing the curriculum. It included literature review, 
interviews with disciplinary experts and pilot teaching of six hours in a high school class. 
Performing triangulation of these, we determined the nucleus of the quantum theory, chose the 
correspondent illustrative examples of the body and the specific elements of periphery.  

In the second part of the study, the constructed curriculum was modified to fit 30 hours, 
which was the allotted time as provided by the school. The experimental teaching addressed the 
sample of four groups of 12th grade students who chose AP course in physics. The groups 
included 15 students (E1), 6 students (E2), 11 students (E3), and 14 students (E4).  

The lessons were recorded. Some students (n=8) from group E4 were randomly selected to 
participate in a semi-structural interviews. In addition, pre- and post- questionnaires were 
developed. They were administered to two of the experimental groups (E3 and E4) and to two 
control groups: one was of 11 high school students who studied the “standard curriculum” 
(waves, optics, modern physics) (C1), and other (C2) was of 21 university students after their 
first course in QP. The data was analyzed in qualitative and quantitative manners.  

4 Results  

We wanted to examine students' understanding of the concept of wave-particle duality, so we 
asked them to explain it. We categorized the responses in four groups: a) Wavity as probabilistic 
meaning. b) Phenomenological description (mainly interference and diffraction). c) Alternative 
(or wrong) understanding. d) Lack of explanation. 

In group E3, 7 out of 11 students defined the wavity of matter as the principles of QP (its 
nucleus), i.e. as a superposition of states with probabilistic meaning. 2 students provided answers 
which can be ascribed to the periphery of QP, and 2 students did not respond. As to the group C2 
(the graduate students), 8 responded in accord with the QP principles, 5 addressed correlations of 
particle characteristics, 6 brought alternative answers, and 2 did not respond. 

We examined a correlation between conceptual understanding and computational ability. 
Each student received both a conceptual and quantitative grade (0-10). The grades were 
classified as low (0-5), medium (6-7) and high (8-10). The results show certain positive 
correlation between the conceptual understanding and ability of quantitative account. 

In addition, students were asked questions in understanding the nature of science (NOS) and 
questions in knowledge organization. The results of the study indicate that students understand 
the basic principles of QP. The DC approach helps students understand the hierarchical structure 
of other areas of knowledge. Teaching the triadic approach also influenced understanding of 
NOS. Teaching is characterized by an innovative approach, both in structure and choice of 
content, and in presenting the mathematical model adapted to high school students. 
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Abstract.  We here propose a novel teaching-learning sequence on tribology, based on an inquiry-based 
experimental investigation of Gecko-tapeÒ, a bio-inspired micro-structured synthetic material with peculiar 
tribological and wetting properties. Measurements of static and dynamic friction shows that Gecko-TapeÒ does not 
obey to Leonardo-Amontons’ law, thus providing a way to introduce the key concept of real - as opposed to 
nominal - contact area.  Moreover, optical micrographs of the interface lateral section illustrate very clearly the 
concept of multi-asperity contact. Measurements and discussion of Gecko-tapeÒ wetting properties allow to 
explain the key role played by molecular interactions in both investigated phenomena from a different perspective. 

 
1. Introduction 
Since Joost seminal report in 1966[1], tribology, i.e. the study of friction, adhesion, wear and 
lubrication, has established itself as a research area of paramount applicative relevance. In 
recent years, tribological phenomena has brought to the attention of STEM teachers [2]. Their 
presentation in standard physics courses has been profoundly and critically revised, pointing 
out their fundamental conceptual issues [3,4]. In particular, the importance of providing 
students with correct - though possibly simplified - structural models, has been highlighted, 
showing how it may facilitate the building of effective mental models of the underlying 
microscopic phenomena [5]. To this end, it is in particular relevant to: (a) clarify the 
distinction between nominal and real area of contact; (b) propose effective visual 
representation of meso- and micro- asperities in contact and explain their essential role in 
determining the tribological properties of interfaces (c) introduce the atomic and molecular 
interaction model to explain the origin of friction at the microscopic level.  

Stemming from these works, we here propose a complementary and innovative 
approach, which exploits the fascination that biomimetics exerts on curious pupils to 
introduce tribological phenomena. The proposed teaching-learning sequence starts by 
introducing Gecko’s extraordinary properties, i.e. its ability to climb on vertical walls and 
ceilings, carrying weight more than 10 times its ones.  Students – in small groups - are then 
invited to investigate the animal artificial counterpart - i.e. Gecko-tapeÒ, a relatively cheap 
and easily purchasable glue-free adhesive film - in a series of qualitative and quantitative 
experiments, designed to specifically address the previously outlined key-issue.  
 
 

 
Fig.1 (A.) ESEM image of Gecko-tapeÒ / silicon interface, lateral view; (B) optical microscope image of Gecko-
tapeÒ micro-structured surface; Optical micrography of the sandpaper/sandpaper interface (C), and Gecko-tapeÒ 
/silicon interfaces, lateral views. 
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3 Method 

The first part of the research was constructing the curriculum. It included literature review, 
interviews with disciplinary experts and pilot teaching of six hours in a high school class. 
Performing triangulation of these, we determined the nucleus of the quantum theory, chose the 
correspondent illustrative examples of the body and the specific elements of periphery.  

In the second part of the study, the constructed curriculum was modified to fit 30 hours, 
which was the allotted time as provided by the school. The experimental teaching addressed the 
sample of four groups of 12th grade students who chose AP course in physics. The groups 
included 15 students (E1), 6 students (E2), 11 students (E3), and 14 students (E4).  

The lessons were recorded. Some students (n=8) from group E4 were randomly selected to 
participate in a semi-structural interviews. In addition, pre- and post- questionnaires were 
developed. They were administered to two of the experimental groups (E3 and E4) and to two 
control groups: one was of 11 high school students who studied the “standard curriculum” 
(waves, optics, modern physics) (C1), and other (C2) was of 21 university students after their 
first course in QP. The data was analyzed in qualitative and quantitative manners.  

4 Results  

We wanted to examine students' understanding of the concept of wave-particle duality, so we 
asked them to explain it. We categorized the responses in four groups: a) Wavity as probabilistic 
meaning. b) Phenomenological description (mainly interference and diffraction). c) Alternative 
(or wrong) understanding. d) Lack of explanation. 

In group E3, 7 out of 11 students defined the wavity of matter as the principles of QP (its 
nucleus), i.e. as a superposition of states with probabilistic meaning. 2 students provided answers 
which can be ascribed to the periphery of QP, and 2 students did not respond. As to the group C2 
(the graduate students), 8 responded in accord with the QP principles, 5 addressed correlations of 
particle characteristics, 6 brought alternative answers, and 2 did not respond. 

We examined a correlation between conceptual understanding and computational ability. 
Each student received both a conceptual and quantitative grade (0-10). The grades were 
classified as low (0-5), medium (6-7) and high (8-10). The results show certain positive 
correlation between the conceptual understanding and ability of quantitative account. 

In addition, students were asked questions in understanding the nature of science (NOS) and 
questions in knowledge organization. The results of the study indicate that students understand 
the basic principles of QP. The DC approach helps students understand the hierarchical structure 
of other areas of knowledge. Teaching the triadic approach also influenced understanding of 
NOS. Teaching is characterized by an innovative approach, both in structure and choice of 
content, and in presenting the mathematical model adapted to high school students. 
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2. Gecko-tape teaching-learning sequence 
The main steps of the proposed TLS  are briefly summarized in the following.     
   
2.1 Measurements of static and dynamic friction:  Due to the film microstructure, friction 
between a solid and Gecko-TapeÒ does not obey to Leonardo-Amontons’law. i.e. both static 
and dynamical friction coefficient are found to depend on the nominal contact area. These 
observations provide a novel way to introduce the key concepts of real - as opposed to 
nominal - contact area, and that of meso-micro-asperities in interaction. 
2.2 Optical microscope investigation: As shown in panel B of Fig.1, optical microscopy 
measurements of the Gecko-TapeÒ surface unveil its microstructure and provides useful hints 
to understand its peculiar behaviour. As shown in panel (C) and (D) of Fig.1, micrographs of 
the transverse section of coupled materials illustrates very clearly the concept of multi-
asperity contact, as opposed to that of extended contact in the case of flexible, micro-
structured interfaces. This helps students to build a correct and realistic mental image of 
actual interfaces. 
2.3 Wetting properties Once the idea of multi-asperity contact is discussed, the crucial role of 
atomic and molecular interactions should be considered. To this end, we decided for a small 
change of perspective, introducing the concepts of surface tension and wettability, in relation 
with the properties of micro-structured surfaces [6]. The wetting properties of the two sides of 
the Gecko film (flat vs micro-structured), are easily probed by depositing isovolumetric drops 
of coloured water on each surface. Contact angle, rolling angle and contact-angle hysteresis 
are measured using a smartphone camera. The striking difference between the properties of 
flat versus micro-structured surfaces is related the role played by asperities in determining the 
liquid/solid/vapour interface formation. 
 
3. Conclusion 
 
In conclusion, we here propose a novel TL experimental sequence, which addresses both the 
frictional and wetting behaviour of Gecko-tape.  The sequence has been proposed to a few 
groups of selected 4th grade pupils with homogeneous background, during short university 
stages. The analysis of the results of pre-questionnaires clearly shows, in agreement with 
literature, that a consistent fraction of   students try to explain friction, and partially also 
wetting, on the basis of a mechanical mental models, i.e. applying macroscopic concepts such 
as “to get stuck”, “to rub” and “to fill spaces” straight off to the microscopic scale.  On the 
other hand, though preliminary, the analysis of the results showed a marked increase in 
students’ performances at the end of the proposed sequence, suggesting its effectiveness in 
promoting students’ understanding.  
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Abstract. A simple scintillator kit developed by Ian Bearden [1] was used to prepare a learning 
experience on gamma ray detection for secondary students. The goal is to offer an opportunity to 
collect gamma spectra, analyze data and understand how coincidence measurements are useful in 
space physics and in many other applications.  

1 Introduction  
Updating the upper secondary school’s curriculum means offering to students the opportunity 

to understand how actual research in physics is working, starting from the basic concepts of 
classical and modern physics. Data acquisition techniques and measurement principles in various 
fields in experimental activities today have many characteristics in common, they are based on 
analysis of energy spectra and in any case on indirect measurements whose validity, potentials 
and limits must be kept under control. 

Subnuclear physics and astrophysics are experimentally investigated by studying the particles 
produced in micro or cosmic events. In order to be detected, these particles must interact with the 
matter that constitutes the active part of a detector, generally producing in it charge carriers set 
free by ionization, or photons emitted by luminescence stimulated by the incoming radiation. In 
the second case, photons emitted by the active material (scintillator) are collected and counted by
a photomultiplier (PM), a device whose operation is based on the photoelectric effect (PMT) or 
the creation of electron-hole pairs in a doped semiconductor (SiPM). Detectors based on a 
scintillator seen by a PM are very important nowadays in many fields of applications in which 
gamma rays must be acquired and analyzed, as in the case of the Positron Emission Tomography 
(PET).

2 The educational context. 
Understanding the processes involved and the detection principles of a modern detector is not 

only an interesting topic of applied physics. It allows to put in context the methodology of the 
experimental research and it constitutes, from the educational point of view, an opportunity for 
orientation and formation to the experimental physics.  

In this perspective, in the last years many projects of simple and affordable experimental 
setups have been developed, to be used in didactic measurements of ionizing radiation, for 
example from cosmic rays or small radioactive sources. In particular, two recent projects provide 
very low cost sensors, both based on scintillators coupled to a SiPM: one is the CosmicWatch 
[2], the second has been developed by J. Bearden [1]. The availability of these types of sensors 
allows, in addition to their use in a "black box" mode, to design educational activities in which 
the main concepts and principles involved in experimental activities in this field are highlighted. 

Taking the opportunity of a collaboration, as educational spinoff, with the project "HERMES" 
[3], an experiment aimed to study astrophysical topics as Gamma Ray Burst and EM 
counterparts of gravitational waves, we decided to design a T/L intervention module as pilot 
proposal for secondary school’s students on gamma detectors and space physics. 
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2. Gecko-tape teaching-learning sequence 
The main steps of the proposed TLS  are briefly summarized in the following.     
   
2.1 Measurements of static and dynamic friction:  Due to the film microstructure, friction 
between a solid and Gecko-TapeÒ does not obey to Leonardo-Amontons’law. i.e. both static 
and dynamical friction coefficient are found to depend on the nominal contact area. These 
observations provide a novel way to introduce the key concepts of real - as opposed to 
nominal - contact area, and that of meso-micro-asperities in interaction. 
2.2 Optical microscope investigation: As shown in panel B of Fig.1, optical microscopy 
measurements of the Gecko-TapeÒ surface unveil its microstructure and provides useful hints 
to understand its peculiar behaviour. As shown in panel (C) and (D) of Fig.1, micrographs of 
the transverse section of coupled materials illustrates very clearly the concept of multi-
asperity contact, as opposed to that of extended contact in the case of flexible, micro-
structured interfaces. This helps students to build a correct and realistic mental image of 
actual interfaces. 
2.3 Wetting properties Once the idea of multi-asperity contact is discussed, the crucial role of 
atomic and molecular interactions should be considered. To this end, we decided for a small 
change of perspective, introducing the concepts of surface tension and wettability, in relation 
with the properties of micro-structured surfaces [6]. The wetting properties of the two sides of 
the Gecko film (flat vs micro-structured), are easily probed by depositing isovolumetric drops 
of coloured water on each surface. Contact angle, rolling angle and contact-angle hysteresis 
are measured using a smartphone camera. The striking difference between the properties of 
flat versus micro-structured surfaces is related the role played by asperities in determining the 
liquid/solid/vapour interface formation. 
 
3. Conclusion 
 
In conclusion, we here propose a novel TL experimental sequence, which addresses both the 
frictional and wetting behaviour of Gecko-tape.  The sequence has been proposed to a few 
groups of selected 4th grade pupils with homogeneous background, during short university 
stages. The analysis of the results of pre-questionnaires clearly shows, in agreement with 
literature, that a consistent fraction of   students try to explain friction, and partially also 
wetting, on the basis of a mechanical mental models, i.e. applying macroscopic concepts such 
as “to get stuck”, “to rub” and “to fill spaces” straight off to the microscopic scale.  On the 
other hand, though preliminary, the analysis of the results showed a marked increase in 
students’ performances at the end of the proposed sequence, suggesting its effectiveness in 
promoting students’ understanding.  
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3 The structure of the educational path. 
The structure of the T/L intervention module can be summarized as follows. 

Introduction to the device.  
Students become familiar with the experimental apparatus and they explore the main features 

of the voltage signal produced by the sensor, represented as a waveform displayed on an 
oscilloscope, in terms of amplitude, duration and frequency of the events. Learning how to use 
the trigger level, they qualitative investigate the amplitude distribution  of the events. 

Sensor operation.
Knowing that the signals are produced by gamma rays, the student are asked to make some 

hypothesis on the type of processes involved in the generation of the electrical signal in the 
sensor (photoelectric effect, ionization,…), using their previous knowledge in a creative way. 

Students are lectured (or read a reference) about the operation of the SiPM (Silicon 
Photomultiplier) sensor, and the role of the scintillator and the processes taking place within the 
scintillator. After that, they are asked to rework the concepts acquired and to sketch them.  

Acquisition of the spectrum of internal events.
The sensor we used to develop the path [1] has a small  ray source (176Lu) embedded. 

Students are asked to acquire a rough spectrum in energy of the emitted s, by setting the trigger 
level to different values and plotting the differences of counts for the different settings. An 
automatic acquisition of the spectrum is therefore suggested and data obtained are compared to 
literature. 

Optionally, a discussion on statistical errors can be introduced to analyze the differences 
between the obtained spectra. 

Measuring a large external event.
Students are asked to imagine how to design a detection device that has to detect a cosmic 

event, which releases a large number of gamma photons at approximately the same time and to 
distinguish it from other sources of signals. 

Tasks: - Suggest an experimental setup using the sensors and a measurement strategy to 
achieve this goal. - Discuss the strategy with other groups and the instructor.  

The expected result is the design of a measure with two spatially close sensors, acquired in 
coincidence. Two different experimental setups are then proposed (an external coincidence 
system, generating a logical signal or the trigger discrimination of the multiplicative combination 
of the signals) to perform a counting measurement. 

Acknowledgements 

We acknowledge Ian G. Bearden, University of Copenhagen, Niels Bohr Institute, Blegdamsvej 17, 2100 
Copenhagen, Denmark, for the sensor provided. This work is developed in the framework of the Projects PRID 
2017 of  Udine University and Hermes. 

References  
[1] Ian G. Bearden: Low Cost Detectors for Teaching Nuclear and Particle Physics, presented in San Sebastian 

GIREP-MPTL Conference (2018) 
[2] S.N. Axani,, J.M. Conrad, and C. Kirbyz; The Desktop Muon Detector: A simple, physics-motivated 

machine- and electronics-shop project for university students, American Journal of Physics 85, 948 (2017); 
[3] F. Fuschino et al.: HERMES: An ultra-wide band X and gamma-ray transient monitor on board a 

nano-satellite constellation, in press, arXiv:1812.02432v2 [astro-ph.IM] (2018) 



413

C06
Contemporary Physics and Modern Physics in School

Chair: Francesca MONTI

Date & time: Friday (5th July) 10:30 – 12:00
Room No.: KF83

Giovanni Ravaioli, Sara Satanassi, Roberta Spada, Olivia Levrini: Quantum
Computing for high school: an example of an interdisciplinary STEM teaching
module

Magdalena Kersting: Free fall in curved spacetime – how to visualise gravity in
general relativity

Bulcsú Sándor: Simple robots in physics education: deterministic laws and
predictability

Jerneja Pavlin, Mojca Čepič, Daniel Dziob: Liquid crystal module in two high
school physics learning environments

3 The structure of the educational path. 
The structure of the T/L intervention module can be summarized as follows. 

Introduction to the device.  
Students become familiar with the experimental apparatus and they explore the main features 

of the voltage signal produced by the sensor, represented as a waveform displayed on an 
oscilloscope, in terms of amplitude, duration and frequency of the events. Learning how to use 
the trigger level, they qualitative investigate the amplitude distribution  of the events. 

Sensor operation.
Knowing that the signals are produced by gamma rays, the student are asked to make some 

hypothesis on the type of processes involved in the generation of the electrical signal in the 
sensor (photoelectric effect, ionization,…), using their previous knowledge in a creative way. 

Students are lectured (or read a reference) about the operation of the SiPM (Silicon 
Photomultiplier) sensor, and the role of the scintillator and the processes taking place within the 
scintillator. After that, they are asked to rework the concepts acquired and to sketch them.  

Acquisition of the spectrum of internal events.
The sensor we used to develop the path [1] has a small  ray source (176Lu) embedded. 

Students are asked to acquire a rough spectrum in energy of the emitted s, by setting the trigger 
level to different values and plotting the differences of counts for the different settings. An 
automatic acquisition of the spectrum is therefore suggested and data obtained are compared to 
literature. 

Optionally, a discussion on statistical errors can be introduced to analyze the differences 
between the obtained spectra. 

Measuring a large external event.
Students are asked to imagine how to design a detection device that has to detect a cosmic 

event, which releases a large number of gamma photons at approximately the same time and to 
distinguish it from other sources of signals. 

Tasks: - Suggest an experimental setup using the sensors and a measurement strategy to 
achieve this goal. - Discuss the strategy with other groups and the instructor.  

The expected result is the design of a measure with two spatially close sensors, acquired in 
coincidence. Two different experimental setups are then proposed (an external coincidence 
system, generating a logical signal or the trigger discrimination of the multiplicative combination 
of the signals) to perform a counting measurement. 

Acknowledgements 

We acknowledge Ian G. Bearden, University of Copenhagen, Niels Bohr Institute, Blegdamsvej 17, 2100 
Copenhagen, Denmark, for the sensor provided. This work is developed in the framework of the Projects PRID 
2017 of  Udine University and Hermes. 

References  
[1] Ian G. Bearden: Low Cost Detectors for Teaching Nuclear and Particle Physics, presented in San Sebastian 

GIREP-MPTL Conference (2018) 
[2] S.N. Axani,, J.M. Conrad, and C. Kirbyz; The Desktop Muon Detector: A simple, physics-motivated 

machine- and electronics-shop project for university students, American Journal of Physics 85, 948 (2017); 
[3] F. Fuschino et al.: HERMES: An ultra-wide band X and gamma-ray transient monitor on board a 

nano-satellite constellation, in press, arXiv:1812.02432v2 [astro-ph.IM] (2018) 



414



415

  

Quantum Computing for high school: an example of an 
interdisciplinary STEM teaching module 

  
Giovanni RAVAIOLI, Sara SATANASSI, Roberta SPADA, Olivia LEVRINI  

Department of physics and Astronomy, University of Bologna, Via Irnerio 46, 40126, Bologna, Italy 

Abstract. The talk focuses on the presentation of a Quantum Computing teaching module for high 
school that was designed and implemented within the I SEE Erasmus+ project 
(www.iseeproject.eu). The module is discussed as an example of how the STEM disciplines can be 
integrated to stress the conceptual, epistemological and social relevance of quantum computing. In 
order to flesh out the STEM approach we implemented, a structured analysis of the module was 
carried out by applying the framework of the STEM “big ideas”. The main result is the discovery 
of the role of the concepts of information and future as epistemological activators. 

1 Introduction 

In this contribution, we present a teaching module about Quantum Computing, that we 
designed and have been implementing within the I SEE Erasmus+ project 
(www.iseeproject.eu). After a presentation of the I SEE project and of module’s structure, we 
will discuss it as an example of implementation of a specific STEM approach.  

The EU ERASMUS+ project I SEE (Inclusive STEM Education to Enhance the capacity to 
aspire and imagine future careers) bets on STEM (Science, Technology, Engineering and 
Mathematics) education as a breeding ground for preparing young people for uncertainty and 
making them developing future scaffolding skills, i.e. skills that enhance their capacity to 
aspire, envisage themselves as agents of change, and push their imagination towards future 
careers in STEM. One of the goals of the project is to design teaching/learning modules for 
high schools; the addressed issues are very different (e.g. climate change, artificial 
intelligence, quantum computing), but all the modules share a common structure in which the 
students are encouraged to: i. encounter the focal issue from a cultural and social perspective; 
ii. engage with the core scientific ideas of the topic; iii. project themselves into possible, 
plausible and probable futures, and identify a desirable one to reach with actions in the 
present. 

The teaching module on quantum computing, designed in collaboration with the University 
of Helsinki, is built upon the analogy between the evolution of classical computers/algorithms 
and the present ongoing research on quantum computing, using the lens of the abstraction 
passage from a physical (mechanical, electrical, or ‘quantum’) signal to a logical information. 
The new logic of qubits is introduced with a spin-first approach, using Stern-Gerlach 
experiments, and the entanglement is explored through quantum cryptography; the 
teleportation experiment across the Danube [2] is then presented and re-read in terms of the 
teleportation protocol algorithm, exploiting the experimental details in a systemic perspective 
of preparation/elaboration/measurement of information. In order to engage with the future(s), 
the students are guided through the ‘Quantum Manifesto’ [3] and to the exploration of some 
quantum computing applications (society, research, politics and communication); finally, 
some future-oriented activities are exploited to let the students individuate their desirable futures 
and plan actions to make them possible. The module foresees a special integration of the S-T-
E-M disciplines (physics, mathematics, computer science and engineering) and realizes the 
belief that STEM integration, together with the future-oriented activities, can allow science to 
re-assume its orienting role in understanding the complexity of our society. 
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2 Theoretical reference and research questions 

In the talk we will pay a special attention to stress the STEM approach that the module 
implements. In particular, we will use the perspective elaborated by Chalmers, Carter, Cooper 
& Nason [1] to flesh out the different roles played by the different disciplines and their forms 
of integration. Chalmers and colleagues suggest to stress the different types of integrations in 
terms of big ideas. The authors distinguish between three main types: i) within-disciplines big 
ideas that have application in other disciplines; ii) cross-discipline big ideas; iii) 
encompassing big ideas. The first are concept, notions, ideas typical of a specific disciplinary 
context; they are STEM big ideas since they find applications to other disciplines (e.g. the 
proportional reasoning, developed by mathematics but applied to the formulation of physical 
laws and to the design of engineering and technological artefacts). The second category 
comprehends ideas that belong natively to two or more disciplines (e.g. the concepts of model 
and the practice of proof that are both mathematical and scientific ideas). The last ones are 
superordinate concepts, principles or models shared across the STEM disciplines that not only 
subsume but also enable one to integrate and build upon sets of more localized disciplinary 
ideas (e.g. the issue of representation). 

On the basis of this framework we will present the analysis of the QC module so as to 
answer the following research questions: (RQ1) What big ideas are present in the module, 
and what kind of integration between STEM disciplines did they realize? (RQ2) What 
knowledge elements triggered the relationship between the disciplinary aspects? 

3 Analysis and main results 

In order to answer the first question we mapped all the technical and conceptual elements of 
the activity in terms of disciplinary S-T-E-M elements and details (RQ1). We used the work 
of Chalmers and colleagues to map all these elements in terms of within-discipline, cross-
discipline or encompassing ideas; most importantly, we recognised two transversal threads, 
information and future, as encompassing ideas, in the sense that they allowed to “integrate 
and build upon sets of more localized disciplinary ideas” [1].  

After mapping the specific knowledge elements, we analysed the forms of relations or 
integration among the disciplinary elements (RQ2). The main result of the analytic process 
concerns RQ2. We discovered that the two encompassing threads played a special role that 
we called epistemological activators: they enriched and valued the disciplinary elements of 
knowledge inasmuch as they raised ideas belonging to the S-T-E-M disciplines up to a higher 
epistemological plan. 
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Abstract. The first direct observation of gravitational waves in 2015 has led to an increased public interest in 
topics of general relativity and astronomy. Physics teachers and educators respond to this interest by introducing 
modern ideas of gravity and spacetime to high school students. Doing so, they face the challenge of finding 
suitable models that visualise gravity as the geometry of curved spacetime. This paper presents a new model that 
builds on a relativistic generalisation of Newton’s first law. We use Einstein’s free fall thought experiment and a 
classical height-time diagram to explain how warped time gives rise to gravity.

1 Introduction  
Einstein’s general theory of relativity is our current best description of gravity. According to 
general relativity (GR), gravity is the result of the dynamic interplay between space, time, and 
the mass and energy content in the universe. Spacetime curves and ripples under the influence 
of massive objects. The first direct detection of gravitational waves in 2015  [1] has led to a 
new interest in topics of gravity and gravitational astronomy. This interest leads to new 
opportunities for teachers and educators to engage students and the general public  [2–4]. 
Indeed, topics of GR and astronomy seem to motivate high school students to a great 
extent  [5].

Physics educators often use instructional models and analogies to explain Einstein’s ideas 
qualitatively  [6–8]. The most popular analogy compares the geometry of curved spacetime to 
a rubber sheet that is deformed by massive objects. Yet, research has shown that this 
representation can get in the way of a more abstract understanding of GR  [9]. While the 
rubber sheet uses curved space to explain planetary movement in an intuitive way, the model 
ignores deformations in time. This paper presents an interactive warped-time model as an 
alternative strategy to explain gravity. The warped-time model acts as a useful supplement to 
the rubber sheet to visualize how warped time makes objects fall. 

2 Warped-Time Model 
The warped-time model addresses limitations of the rubber sheet model by offering a strategy 
to visualise gravity as an effect of warped time. The warped-time model builds on an 
important equation of GR, the geodesic equation. The geodesic equation is a generalisation of 
Newton’s first law: Objects that are not influenced by forces move along geodesic curves in 
spacetime. A geodesic curve is the spacetime generalization of a straight line. Building on the 
geodesic equation, a new teaching strategy makes the warping of time visible. The warped-
time model invites students to explore the physics of free fall both from a classical and from a 
relativistic perspective.1

As starting point, the model takes a digital height-time diagram and presents students with 
two different scenarios: Einstein stands on top of a high tower and ponders the nature of 
gravity. In the first case, he remains standing on top of the tower. In the second case, he steps 
off the tower in line with his famous thought experiment. Students are invited to explore both 

                                                 
1 The interactive warped-time model is freely accessible at www.viten.no/relativity. 
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2 Theoretical reference and research questions 

In the talk we will pay a special attention to stress the STEM approach that the module 
implements. In particular, we will use the perspective elaborated by Chalmers, Carter, Cooper 
& Nason [1] to flesh out the different roles played by the different disciplines and their forms 
of integration. Chalmers and colleagues suggest to stress the different types of integrations in 
terms of big ideas. The authors distinguish between three main types: i) within-disciplines big 
ideas that have application in other disciplines; ii) cross-discipline big ideas; iii) 
encompassing big ideas. The first are concept, notions, ideas typical of a specific disciplinary 
context; they are STEM big ideas since they find applications to other disciplines (e.g. the 
proportional reasoning, developed by mathematics but applied to the formulation of physical 
laws and to the design of engineering and technological artefacts). The second category 
comprehends ideas that belong natively to two or more disciplines (e.g. the concepts of model 
and the practice of proof that are both mathematical and scientific ideas). The last ones are 
superordinate concepts, principles or models shared across the STEM disciplines that not only 
subsume but also enable one to integrate and build upon sets of more localized disciplinary 
ideas (e.g. the issue of representation). 

On the basis of this framework we will present the analysis of the QC module so as to 
answer the following research questions: (RQ1) What big ideas are present in the module, 
and what kind of integration between STEM disciplines did they realize? (RQ2) What 
knowledge elements triggered the relationship between the disciplinary aspects? 

3 Analysis and main results 

In order to answer the first question we mapped all the technical and conceptual elements of 
the activity in terms of disciplinary S-T-E-M elements and details (RQ1). We used the work 
of Chalmers and colleagues to map all these elements in terms of within-discipline, cross-
discipline or encompassing ideas; most importantly, we recognised two transversal threads, 
information and future, as encompassing ideas, in the sense that they allowed to “integrate 
and build upon sets of more localized disciplinary ideas” [1].  

After mapping the specific knowledge elements, we analysed the forms of relations or 
integration among the disciplinary elements (RQ2). The main result of the analytic process 
concerns RQ2. We discovered that the two encompassing threads played a special role that 
we called epistemological activators: they enriched and valued the disciplinary elements of 
knowledge inasmuch as they raised ideas belonging to the S-T-E-M disciplines up to a higher 
epistemological plan. 
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scenarios by drawing trajectories into height-time diagrams. To take spacetime curvature into 
account, students can warp the time axis (Figure 1). The difference between the classical 
height-time diagram and its warped counterpart is that free-fall trajectories either look curved 
or straight. Students learn that a straight path through spacetime does not necessarily look like 
a “straight line” in a given representation. Students are encouraged to shift their perspective to 
understand that objects in free fall follow the straightest possible path through spacetime. Is it 
a force that pulls objects towards the ground? According to Einstein, there is no force pulling 
objects to the ground – it is the geometry of curved spacetime. 

Figure 1- The warped-time model invites students to explore 
Einstein's free fall experiment from a relativistic perspective. 

3 Conclusion 
Every instructional model has limitations. In learning domains such as GR where concepts 

are very abstract or impossible to visualise, it is crucial to develop different models that can 
complement each other  [10]. This paper presents a new instructional model to visualise 
gravity as a manifestation of warped time. The model acts as a supplement to spatial models 
of GR such as the rubber sheet model. In addition to addressing the time dimension, the 
model introduces students to the geodesic equation. 
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Abstract.  We  study  simple  controllers  for  robotic  locomotion  as  prototypical  examples  of
deterministic equations of motions. The proposed didactic activity enables students to investigate
predictability of the generated dynamics in a technology-enhanced active learning scenario.

1 Introduction

To elucidate general misconceptions among secondary school students concerning random
and deterministic processes in nature, new teaching and learning approaches should be employed
[1], which clearly distinguish between concepts as deterministic systems, chaotic dynamics and
predictability [2]. Maintaining  the  motivation  and  commitment  of  students  during  such
didactic  activities  is  an  increasingly  challenging  taks.  Studies  demonstrate,  however,  that
integrated  approaches  based  on  robotics  not  only  generate  a  high  degree  of  student
engagement [3] but also contribute to an increase of achievement scores in informal learning
environments [4]. In order to enhance the students’ motivation,  we propose to invesitgate
locomotion modes of simple robots generated by deterministic controller schemes. 

2 The research

In this work, we explore a didactic activity based on programmable wheeled robots in
order to demonstrate the deterministic aspect of equations of motion and to investigate the
predictability of the resulting dynamics. This active-learning scenario allows the students to
study  the  dynamics  of  robotic  locomotion  generated  by  control  laws  implemented  by
themselves and hence to comprehend the relations between mathematical expressions and real
physical motion.

1.1Experimental setup

Nowadays, a complete zoo of wheeled robots are available, developed specifically for
STEM acitivities. Here we consider Lego Mindstorms and Arduino compatible Polulu Romi
robots (see the left panel of Fig. 1), since both of them provide user friendly programming
interfaces with wifi connection, hence secondary students with basic programming skills can
easily implement simple algorithms on their own.

To control  robotic locomotion,  we propose simple update rules for the angle of the
wheel, based on the recently introduced dynamical systems framework [5], considering four
qualitatively different cases:

a) uniform linear motion,
b) uniform circular motion,
c) linear motion with constant accelaration,
d) chaotic dynamics generated by non-linear update map (see the right panel of Fig. 1).

The path visited by the robot in the above cases is reconstructed using two complementary
approaches: by recording the internal measurements of the rotational angle of the wheels, and
by estimating the robot’s position from video recordings from above the plane of locomotion.
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Fig. 1 Physics teaching using Lego robots. Left: Picture of the two-wheeled Lego robot. The controllers for the
motors are implemented as simple update maps. Right: Chaotic time-series of the normalized control signal of the

motor (for right and left wheels), relative to the maximum values.

1.2Integrated didactic activity

The  experimental  framework  is  prepared  before  the  activity.  The  students  have  to
modify  the  core  code  according  to  the  studied  motion  type,  and  conduct  a  series  of
experiments following the instructions provided by the teacher. As a first step the students
estimate  the  final  position  of  the  robot  for  the  four  different  cases  of  locomotion.  After
discussing and interpreting these results, the experiments are repeated for pairs of initially
very  close  wheel-angle  settings.  Adopting  the  classical  definition  of  predictability  for
nonlinear systems [1,6], the four scenarios are characterized as predictable regular motion,
respectively non-predictable chaotic dynamics. To study the effectiveness of the intervention,
pretest and postest achievement scores are compared.

2Conclusion

The employed experimental setup and didactic activities designed to study predictable and non-
predictable deterministic dynamics in active-learning scenarios prove to impact positively both
comprehension and student motivation.
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Abstract. The aim of the presented study was to identify how and to what extent is possible to 
transfer the knowledge on liquid crystals to high school physics in two learning contexts –
Slovenian and Polish – and to evaluate the implementation of the liquid crystals teaching module. 
The results of the study show that the introduction of liquid crystals to the high school students 
within the existing physics curricula was successful; students have learned essentials about liquid 
crystals.

1 Introduction 

Science plays an important role in shaping students’ lives and they appreciate science 
professionals [1, 2]. Nevertheless, the science, and even more, the physics in the school remain 
unpopular among students since students perceive school science as irrelevant regarding their 
daily experiences and the society they live in [3,4]. Ideas to propose to overcome this problem 
are introducing an everyday life context into school lessons or novel research findings, for 
example, quantum mechanics, superconductivity, hydrogels, liquid crystals [5, 6]. 

As liquid crystals are an essential part of computer screens everybody meets every day, the 
context of the topic is highly relevant for students. In the presented research, we studied the 
possibilities and results of the introduction of liquid crystals into the (physics) classroom. 
Four research questions were set: 

 How and to what extent is possible to include liquid crystals in high school physics? 
 What have high school students learned about liquid crystals during the 

implementation of the liquid crystals teaching module?  
 How is the module perceived by students?  
 How is the implementation of the module perceived by teachers? 

2 Liquid Crystal Teaching Module 

 Liquid Crystal Teaching Module (LCTM) for university students includes materials, 
simple, mostly hands-on experiments that provide experience to students and scaffold their 
learning [7]. The teaching module for high school students was adapted from the LCTM. 
Taking into account the evaluation of the LCTM with university students and physics 
curricula for high school the module for high schools was implemented in four teaching hours 
of 45 minutes. It began with an introductory lecture that introduced a short history of liquid 
crystals. After that, students in small groups conducted five different experiments: 
observation of an LCD using a digital microscope, phase transitions in liquid crystals, 
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polarization of light, anisotropy, order parameter. Students received the guidance provided by 
worksheets.  

3 Methods 

The current physics curricula in both countries involved in the study, Slovenia and Poland, 
were analyzed regarding the status of physics. The adapted LCTM was evaluated. 
Cumulatively 166 high school students (Slovenian and Polish) were involved in the study. 
Their knowledge was assessed by using a paper-pencil test designed specifically for the 
purpose of this research. Three trained teachers implemented the LCTM during the regular 
physics classroom. They took part in a semi-structured interview. 

4 Results and conclusions 

Polish and Slovenian curricula for high school physics prescribe development of scientific 
competencies and skills allow inclusion of some additional topics decided by the teacher. 
Whereas the results of evaluation of the adapted LCTM show that in the pre-test students in 
both countries achieved approximately 30% of possible points, whereas on the knowledge test 
students on average achieved approximately two-thirds of possible points. This indicates that 
they have learned basic concepts related to liquid crystals. However, most of the students give 
positive feedback to the module, 86% students from Poland and 67% of students from 
Slovenia like the module. Nevertheless, all three teachers report about the feasible 
implementation of the proposed teaching module about liquid crystals to high school 
classrooms with some adaptation to available accessories, audience, and teachers’ personal 
interest. 

The contribution will present in details the work evidently showing that with a proper 
preparation that includes specifically designed simple experiments, materials for teachers and 
students and the training for teachers, it is possible to introduce also the front end fundamental 
science to the pre-university level classroom. 
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Abstract. Our work focuses on students’ preconceptions about force. It is well known that 
students often believe that an impetus is needed to maintain motion and that a traditional 
approach does not yield satisfying results. We have chosen to approach the problem from a 
historical standpoint, where we analyze how the concept of force developed in history. 
Subsequently, we have shown through phenomenological primitives that understanding force 
depends on a thorough understanding of momentum and we devised a plan to teach these 
concepts starting with momentum. The plan has been used in a preliminary research which has 
yielded encouraging results.

1 Introduction 

Students’ understanding of Newton’s laws have been the subject of many papers and 
discussion over the years. In our work we looked at the problem from a historical perspective 
where we analyzed in detail the historical development of the concept of force. Afterward we 
interpreted our analysis through phenomenological primitives (p-prims) and we proposed a 
different approach to teaching force in the classroom. The effect of the approach has been tested 
in preliminary research, which we also briefly discuss. 

2 Historical Development of Force

The problem of misunderstanding the concept of force is not a new one. According to Dugas 
[1], Aristotle believed that an external force is needed to maintain motion. His belief came after 
observing motion, where he drew conclusions about dynamics without a closer analysis of 
kinematics. In other words, it seems that Aristotle made the same mistake as many students 
do today, by assigning the role of maintaining agency to force. Later criticism of Aristotle 
tried to resolve the problem of force as a maintaining agency, by creating the theory of 
Impetus [2]. According to that theory Impetus is an internalized motive force, which 
maintains the motion just like a poker carries heat away from fire. The notion of impetus was 
very close to the present concept of momentum. Buridan, its co-author, even proposed that 
impetus is proportional to the speed of a body and to the amount of matter in it.

Impetus became a stepping stone for defining momentum and its role for motion. The 
mistake Aristotle made was hard to overcome, but in the end a correct understanding was 
achieved when Galileo came up with his concept of inertia. Only after understanding 
momentum and its role in motion could the role of force be correctly identified. Galileo first 
connected the change of momentum with the impulse of force and this was subsequently used 
by Newton to construct his first and second laws of motion.

The main lessons we can take from history are:
• it is natural for intuition to assign to force the role of maintaining motion,
• once force is assigned as the maintaining agency of motion it is hard to switch it back to 

momentum,
• it is important to assign momentum as a maintaining agency for the role of force to be 

correctly understood.
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3 P-prims and Their Contribution to Our Problem

The points we reached in our historical analysis agree with a theory developed by Andrea 
diSessa about students’ notions. In his theory, called “knowledge in pieces” he proposed that 
intuitive physics is built up of smaller, more fragmentary structures, which he called 
phenomenological primitives or p-prims for short. Unlike misconceptions, p-prims are not 
considered incorrect, however their activation in certain contexts is. So, instead of trying to 
eliminate a misconception, the teacher’s task becomes activating a p-prim in the correct 
context. 

For the purposes of our work, the most important p-prims [3] are maintaining agency, e.g. 
an engine maintains the motion of a car, or motion implies a force, and actuating agency, e.g. 
a hammer causes a bell to ring. In the context of Newton’s laws, students often activate the 
first p-prim in connection to force and motion, i.e. giving the explanation that if an object is at 
motion, there is a force maintaining its motion in that direction. The correct context to 
activate this p-prim in would be when learning about momentum, as momentum can be 
considered to be the agency that maintains the motion of an object. This leads to introducing 
force as the actuating agency of motion instead of a maintaining agency. This is in absolute 
agreement with our findings from history analysis. 

4 Preliminary Research

After considering the above-mentioned points, we have decided to apply them to an 
approach to teaching force in the classroom. The main change in the course is the order in 
which concepts are introduced. We start with uniform linear motion, which follow by 
momentum to connect the two in students’ minds. After thoroughly analyzing momentum, we 
continue with force and study the effect it has on motion. This way students discover the true 
role of force as the actuating agency of motion. Other than the change in the order of 
concepts, the approach also concentrates on using numerous activities which are designed to 
help students discover the taught concepts in accordance with 3-dimensional learning. 

We used the proposed approach on a class of 20 students, which we tested using the Force 
Concept Inventory test. The students achieved an expected score of 20% in the pre-test, while 
achieving a high score of 69% in the post-tests. We consider this result to be very 
encouraging, considering the approach didn’t cover all subjects included in the test. 

5 Conclusion

Using a historically inspired approach to teaching force led us to start by the introduction of 
momentum before learning about force. This approach agrees with a p-prims view of students’ 
notions. Using this approach in a preliminary research yielded encouraging results, which we 
will test further during the following school-years.
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Abstract. The National Curriculum of Hungary and the new curriculum frameworks for all 
subjects is under development. The authors participate in the development of the curriculum of 
physics. In this communication we present the main features of the proposal. The newly 
developed learning outcomes of the curriculum, the learning contents and the arrangement of the 
topics in the frameworks have been renewed in order to promote a more efficient way of teaching 
physics. The curriculum relies on the methods of active and phenomenon-based learning, it 
includes up-to-date contents and focuses more on practical topics.
 

1 Introduction

According to surveys [1] the popularity and the knowledge level of physics amongst pupils is 
low in most schools in Hungary.  Moreover, there is an increasing shortage of physics teachers 
because only a few of them graduated and started their public services in the past 20 years. The 
mere fact that the number of physics lessons decreased in the past decades does not explain the 
recently experienced negative tendencies. Reforming the content and methodology of physics 
teaching applying the international experiences can be essential to overcome most of these issues. 
The 2012 National Curriculum and the A-variation of the curriculum framework for physics 
made the first steps in this direction by integrating new learning topics connected to everyday life.

The course-book of the A-variation outlined the way of successfully implementing the new 
ideas of more practical and up-to-date physics teaching by concentrating the material around 
important practical applications in a context-based fashion [2]. The positive feedback from the 
teachers who have tested the new course-book provides the motivation for us to continue the 
developments in this direction. In this communication we present the main features of the 
proposal of the 2018 National Curriculum and educational framework for physics developed by 
us as the members of the Education 2030 Research Group.

2 Features of the new National Curriculum and Curriculum Frameworks

The areas of development and the learning outcomes of the new 2018 National Curriculum [3] 
in physics have been developed in support of the introduction and application of novel methods 
including active, context-based, and phenomenon-based learning. They cover three important 
constituents of modern curricula: disciplinary and theoretical knowledge, improvement in 
attitudes and main competences, and supporting the knowledge transfer and knowledge 
application.

According to the main idea of the newly developed Curriculum Frameworks, the teaching of 
physics starts by observing and experiencing the phenomena that are frequent and important in 
everyday life and in practical applications. Starting from this firm basis and avoiding any 
unnecessary abstraction and mathematical formalism, students can become familiar with the 
main laws and concepts of physics in an efficient way by applying the modern methods 
mentioned above.
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3 P-prims and Their Contribution to Our Problem

The points we reached in our historical analysis agree with a theory developed by Andrea 
diSessa about students’ notions. In his theory, called “knowledge in pieces” he proposed that 
intuitive physics is built up of smaller, more fragmentary structures, which he called 
phenomenological primitives or p-prims for short. Unlike misconceptions, p-prims are not 
considered incorrect, however their activation in certain contexts is. So, instead of trying to 
eliminate a misconception, the teacher’s task becomes activating a p-prim in the correct 
context. 

For the purposes of our work, the most important p-prims [3] are maintaining agency, e.g. 
an engine maintains the motion of a car, or motion implies a force, and actuating agency, e.g. 
a hammer causes a bell to ring. In the context of Newton’s laws, students often activate the 
first p-prim in connection to force and motion, i.e. giving the explanation that if an object is at 
motion, there is a force maintaining its motion in that direction. The correct context to 
activate this p-prim in would be when learning about momentum, as momentum can be 
considered to be the agency that maintains the motion of an object. This leads to introducing 
force as the actuating agency of motion instead of a maintaining agency. This is in absolute 
agreement with our findings from history analysis. 

4 Preliminary Research

After considering the above-mentioned points, we have decided to apply them to an 
approach to teaching force in the classroom. The main change in the course is the order in 
which concepts are introduced. We start with uniform linear motion, which follow by 
momentum to connect the two in students’ minds. After thoroughly analyzing momentum, we 
continue with force and study the effect it has on motion. This way students discover the true 
role of force as the actuating agency of motion. Other than the change in the order of 
concepts, the approach also concentrates on using numerous activities which are designed to 
help students discover the taught concepts in accordance with 3-dimensional learning. 

We used the proposed approach on a class of 20 students, which we tested using the Force 
Concept Inventory test. The students achieved an expected score of 20% in the pre-test, while 
achieving a high score of 69% in the post-tests. We consider this result to be very 
encouraging, considering the approach didn’t cover all subjects included in the test. 

5 Conclusion

Using a historically inspired approach to teaching force led us to start by the introduction of 
momentum before learning about force. This approach agrees with a p-prims view of students’ 
notions. Using this approach in a preliminary research yielded encouraging results, which we 
will test further during the following school-years.
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3 Conclusion 

In this communication the features and novelties of the new National Curriculum and 
Curriculum Frameworks of Hungary in the area of physics has been presented. The 
incorporated novel methods and the context-based organization of the topics in these documents 
can lead to a more efficient teaching of physics and they can contribute to form a positive 
attitude toward learning this discipline. These changes can initiate further methodological 
developments. 
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Abstract. Force Concept Inventory (FCI) is a multiple choice test commonly used to assess students' conceptual 
understanding of Newtonian Mechanics. We here discuss how a Cluster Analysis method can be used to study 
student answers to FCI with the aim to investigate their understanding of Newtonian mechanics and provide new 
insights into the use of Force Concept Inventory. Our research sample is composed of engineering freshmen just 
at the beginning of their first General Physics course. We identified groups of students characterized by similar 
correct answers as well as by non-correct answers to the FCI questions, whose analysis allowed us to highlight 
student misconceptions/non-normative conceptions. Such analysis of student answers gives us insights into the 
relationships between the student ideas about the force concept and their ability to describe and/or explain 
motions. 
 

1 Introduction 

Force Concept Inventory (FCI) has been used to investigate the effectiveness of various 
teaching methods (Hake, 1998) and to analyse students’ performance with respect to different 
methods of learning progressions (Fulmer, 2015). A recent paper (Brewe, Bruun, & Bearden, 
2016) has described a new methodology for carrying out network analysis on answers to 
multiple choice conceptual inventories. Moreover, studies using Factor Analysis (Scott and 
Schumayer, 2017; Semak, et al, 2017) analysed the possible conceptual associations made by 
students among FCI questions. 
However, instructors and researchers are often interested in considering more than the 
correctness of the students’ answers on the FCI or their normalized gains after a teaching 
intervention. To be able to use FCI to know details about relationships among student answers 
to different questions and what these relationships might indicate about their understanding 
can also be relevant for research and practice in physics education.  
In this study we apply the k-means algorithm, (Everit, et al., 2011) to analyse students’ 
answers to FCI questions, with the aim to point out their understanding of Newtonian 
conceptions as well as alternative conceptions (misconceptions / non-normative conceptions) 
they highlight. We show that our results can supply new insights about the students’ 
conceptions of the different dimension of the force concept, as defined by FCI’s authors 
(Hestenes & Halloun, 1995). 

2 Methodology 

FCI has been administered as a pre-instruction test to a sample composed of 148 engineering 
freshmen of a large public Italian University just at the beginning of a workshop, which was 
proposed by the authors as an additional/optional activity about Newtonian Mechanics. As it 
is well known, FCI is made up of 30 multiple-choice questions and the presentation paper of 
the 1995 version (Hestenes, & Halloun, 1995) includes a table which classifies the Newtonian 
concepts probed in the Inventory, along with the Inventory questions in which they appear. 
We categorized the 30 FCI questions in four categories and separately analysed only the first 
two ones (that we named 'SubA' and 'SubB') in order to identify common student reasoning 
strategies into the different conceptual dimensions of the force concept. The description of 
SubA and Sub B are reported as follows. 

D01-3

3 Conclusion 

In this communication the features and novelties of the new National Curriculum and 
Curriculum Frameworks of Hungary in the area of physics has been presented. The 
incorporated novel methods and the context-based organization of the topics in these documents 
can lead to a more efficient teaching of physics and they can contribute to form a positive 
attitude toward learning this discipline. These changes can initiate further methodological 
developments. 
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 SubA includes 15 questions where students are required to choose, by applying Newton’s 
first and/or second laws, among the different answer options that describe motions of 
objects (trajectories and/or kinematics quantities) and/or explain these. 

 SubB includes questions requiring student ability to identify forces acting on bodies in 
different dynamical or static contexts. 

3 Results and Conclusion 

The analysing of answers to SubA questions shows that the majority of our students are 
unable to supply a Newtonian explanation of motions (i.e. by applying the first and/or second 
Newtonian laws). In some of the proposed situations they show a correct ability to describe 
trajectories but not to explain them. This ability can be attributed much more to their real-life 
experience with such kinds of motion than to a correct understanding. Only a small group is 
able to choose correct explanations, but only in given contexts. 
The majority of our students identify as forces acting on a moving body only the gravity force 
and kinds of 'forces' due to the motion (“motion force” or “impetus force”) and almost 
completely forget the reaction forces. Such students share a naïve conception of force, widely 
discussed in literature (see Brookes, & Etkina, 2009 and included references) and connected 
with many other misconceptions (“obstacles exert no force” or “motion always implies active 
force” or “velocity proportional to active force”) (Hestenes, & Jackson, 2007). In parallel to 
this naïve conception of force, only a small group of students also appear to be in the process 
of starting to develop the Newtonian concept of force as result of the interaction between 
objects and environments. These two completely different conceptions seem to coexist in 
their mind, as it has been also pointed out in many studies (Brookes, and Etkina, 2009). 
However, such a mixed conception of force makes these students able to identify correct 
relationships between force and motion in some contexts, showing an understanding of first 
and second Newtonian laws. 
We acknowledge that the results obtained here for FCI may be not generalizable to all 
Concept Inventories (CIs). However, we see ways in which a ClA of CIs can be useful to
allow researchers to connect instruction with student conceptions on a fine-grained level and 
to help them in developing interventions that target the ideas in classes. In our study, we 
found that the understanding of the force concept (investigated by means of student ability to 
identify forces acting in statics and dynamical systems) plays a relevant role in the correct 
analysis of mechanics problems. 
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Abstract. This project is designed to increase knowledge of student learning difficulties in upper-
division quantum mechanics in order to develop research-based educational materials that are 
adoptable by other faculty. Our research spams across two teaching paradigms. In one paradigm, 
continuous bases of position probability wave functions (Position First) are the context within
which students first encounter quantum mechanical phenomena. In the second paradigm, 
students are first introduced to the postulates of quantum mechanics by discrete bases of Spin-
half (Spin First). Our curriculum development includes reading prefights, conceptual tutorials, 
exams, and posttests, as well as validated diagnostic assessments. 

1 Introduction

Advances in engineering have lead to an increased number of technologies that manipulate matter on 
the scale of atoms. This growth will lead to an increased need for a quantum literate STEM workforce 
in both industry and research. Previous research and curriculum development in quantum mechanics 
(QM) has not lead to widely used materials, in part because it was unable to take into account the 
different curricular paradigms used to teach quantum mechanics. One such paradigm introduces the 
Schrodinger equation in position space, while a second uses the context of spin-1/2 particles [1]. A 
limited number of physics education researchers have focused on research and curriculum development 
for the first approach, however the second is quickly gaining momentum in classrooms, in part due to 
the recent publication of a spins-first textbook and the immediate application of spin-1/2 systems to the 
growing field of quantum technologies.

2 Project Goals & Objectives

This project is designed to increase knowledge of student 
learning difficulties in upper-division QM in order to develop 
research-based educational materials that are easily adoptable 
by faculty from a wide range of institutions. The goals of this 
collaborative research project are to: 

1. develop a set of learning goals for undergraduate quantum 
mechanics instruction by collaborating with a broad 
spectrum of faculty, industry, and research leaders; 

2. improve understanding of student learning and student 
difficulties in QM with a focus on student learning in 
different instructional paradigms; 

3. develop educational materials and assessments for 
quantum mechanics instruction suitable for use in both 
instructional paradigms, that are easy for faculty to 
modify and use in a diverse range of institutions; and 

4. widely disseminate these materials, support new users, and evaluate the effectiveness of the 
curriculum. The research and curriculum development will be performed for both instructional 

What should
students learn?

What do
students learn?

How can we
impact the most

students?

How can we
improve student

learning?

1. Establish 
consensus 
learning goals

4. Disseminate, 
support users, 
and evaluate 
curricula

2. Research student 
difficulties in 
different 
instructional 
paradigms

3. Develop easy to 
adopt & adapt 
materials and 
assessments
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However, such a mixed conception of force makes these students able to identify correct 
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and second Newtonian laws. 
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paradigms with a diverse population of students so the results and curricular materials will be 
broadly applicable.

These goals are inspired by the framework championed by the Science Education Initiative at CU 
Boulder and are articulated in Figure 1.

3 Project Plan

In this project we will be focus on the materials in the first semester of quantum mechanics, generally 
taught in the junior year of a physics degree. We will create materials that focus on conceptual ideas 
within the context of topics typically covered in a first semester of QM, including one-dimensional 
potentials, bound and unbound states, postulates of QM, angular momentum, spin-1/2 particles, and the 
hydrogen atom.
We will utilize the literature base on change strategies to design and support future users of these 
materials. The categorization by Henderson, Beach, and Finkelstein [2] will guide the development and 
dissemination of our materials. We plan to use a hybrid of a prescribed and emergent outcomes approach 
where we seek input from the broader community of QM instructors and develop materials based on our 
research of student difficulties and in tune with what instructors believe would help them improve their 
courses. More detailed information about the types of material we will create are described below. 

1. Lecture-Tutorials: Tutorials are designed to provide a classroom environment where students 
work through carefully scaffolded material designed to have them confront the most difficult 
concepts and deepen their understanding.

2. Peer Instruction tools: Peer instruction has become widely recognized as an effective technique 
to promote active engagement during lecture and improve student conceptual understanding [3].
Productive interaction requires well-designed questions that have students confront the most 
common difficulties as established by research. Students are then asked to discuss their ideas 
with their neighbors and vote again.

3. Assessments: Part of this project is to build on a base of tools for formative and summative 
assessment to better evaluate the learning goals articulated in different instructional paradigms. 
Some of the formative assessments will be the peer instruction tools that allow instructors to 
gauge student understanding during class. An additional source of formative assessments will 
be a set of preflights that can be given before class as a component of a Just-in-Time Teaching 
[88] or flipped classroom approach, where students do some of the work before coming to class.

4. Instructor Guides: Instructors need resources as they implement new materials and/or strategies. 
One component of this is to provide instructor guides for the materials that articulate the learning 
goals, describe the ideas and questions that students find most challenging, as well as indicate 
how the materials may be modified to better fit into a particular instructional paradigm, 
sequence, or student population. 

4 Dissemination of Materials

We have established a collaboration with PhysPort & comPADRE, both leading, searchable collections 
of online learning materials for physics, greatly augmenting our efforts to disseminate comprehensive, 
accessible collections of materials in upper-division courses. Our work will be publicized further, 
through presentations at national conferences (2019 AAPT, APS, PERC) and publication of these reform 
efforts and associated research findings in established journals, including American Journal of Physics,
Physics Teacher, and Physical Review Special Topics – Physics Education Research.
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paradigms with a diverse population of students so the results and curricular materials will be 
broadly applicable.

These goals are inspired by the framework championed by the Science Education Initiative at CU 
Boulder and are articulated in Figure 1.

3 Project Plan

In this project we will be focus on the materials in the first semester of quantum mechanics, generally 
taught in the junior year of a physics degree. We will create materials that focus on conceptual ideas 
within the context of topics typically covered in a first semester of QM, including one-dimensional 
potentials, bound and unbound states, postulates of QM, angular momentum, spin-1/2 particles, and the 
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We will utilize the literature base on change strategies to design and support future users of these 
materials. The categorization by Henderson, Beach, and Finkelstein [2] will guide the development and 
dissemination of our materials. We plan to use a hybrid of a prescribed and emergent outcomes approach 
where we seek input from the broader community of QM instructors and develop materials based on our 
research of student difficulties and in tune with what instructors believe would help them improve their 
courses. More detailed information about the types of material we will create are described below. 

1. Lecture-Tutorials: Tutorials are designed to provide a classroom environment where students 
work through carefully scaffolded material designed to have them confront the most difficult 
concepts and deepen their understanding.

2. Peer Instruction tools: Peer instruction has become widely recognized as an effective technique 
to promote active engagement during lecture and improve student conceptual understanding [3].
Productive interaction requires well-designed questions that have students confront the most 
common difficulties as established by research. Students are then asked to discuss their ideas 
with their neighbors and vote again.

3. Assessments: Part of this project is to build on a base of tools for formative and summative 
assessment to better evaluate the learning goals articulated in different instructional paradigms. 
Some of the formative assessments will be the peer instruction tools that allow instructors to 
gauge student understanding during class. An additional source of formative assessments will 
be a set of preflights that can be given before class as a component of a Just-in-Time Teaching 
[88] or flipped classroom approach, where students do some of the work before coming to class.

4. Instructor Guides: Instructors need resources as they implement new materials and/or strategies. 
One component of this is to provide instructor guides for the materials that articulate the learning 
goals, describe the ideas and questions that students find most challenging, as well as indicate 
how the materials may be modified to better fit into a particular instructional paradigm, 
sequence, or student population. 

4 Dissemination of Materials

We have established a collaboration with PhysPort & comPADRE, both leading, searchable collections 
of online learning materials for physics, greatly augmenting our efforts to disseminate comprehensive, 
accessible collections of materials in upper-division courses. Our work will be publicized further, 
through presentations at national conferences (2019 AAPT, APS, PERC) and publication of these reform 
efforts and associated research findings in established journals, including American Journal of Physics,
Physics Teacher, and Physical Review Special Topics – Physics Education Research.
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Abstract. Research indicates students with more formal reasoning patterns are more proficient learners, while certain 
critical thinking abilities are important for living in modern society. Unfortunately, college courses do not typically
promote these skills. In order to address this concern, we have developed a physics lab curriculum in which students 
engage in experimental design with emphasis placed on the use of evidence-based reasoning in making decisions in the 
lab and in report writing. This presentation will describe the underlying framework on which the curriculum is based and 
present data which demonstrates significant shifts in student development of scientific reasoning. 
 
 
1 Introduction – Promoting 21st Century Learning 

Initiatives on advancing 21st century education focus on the skills the future will demand of 
today’s students. Although many descriptions exist for 21st century skills, critical thinking is the 
most studied and has been an important educational goal since the 1980s.[1-2] The notion of 
scientific reasoning (SR) is often used to label the set of skills that support critical thinking, 
problem solving, and creativity in STEM. It includes the thinking and reasoning skills involved in 
inquiry, experimentation, evidence evaluation, inference and argument that support the formation 
and modification of concepts and theories about the natural world.[3,4] In our curriculum design, 
we promote critical thinking through the development of SR which includes student ability to 
reach a reliable conclusion after identifying a question, formulating hypotheses, gathering data, 
and logically testing and evaluating hypotheses.  

Unfortunately, college students are lacking in SR. We found that traditional courses do not 
significantly develop these abilities, with pre-to-post reasoning assessment gains of 1%-2%, while 
inquiry-based courses have ~7% gains.[5,6] Others found undergraduates have difficulty 
developing evidence-based arguments, while a recent study found that college students’ SR skills 
do not necessarily improve over their entire undergraduate education.[7,8] 

 
 
2 Introductory Physics Lab Curriculum - Designed with Explicit Focus on SR Sub-Skills 
 This presentation will showcase our curriculum, which is based on a framework designed to
impact SR skills. All learning activities are organized around a central research question that 
explicitly targets causal and hypothetical reasoning embedded in cycles of scientific inquiry, 
reflection, evaluation, and communication of outcomes. The learning goals focus on science as a 
process and students investigate 7 research questions (e.g., What impacts the period of a 
pendulum?). Students work in groups to design and conduct their own investigations. Results are 
shared across lab groups and culminate in the development of a mathematical model, with 
subsequent model application to predict an outcome. The curriculum consists of multiple parts. 
Pre-lab instruction introduces key concepts of targeted skills, while pre-lab exercises provide 
deliberate practice in applying skills in hypothetical situations.[9] In-class investigations provide 
authentic practice, and activities build such that students become better able to address more
challenging research questions in more complex contexts. This instructional approach is based on 
existing research on how SR skills can be effectively trained and transferred.[10,11]
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3 Assessment of Sub-Skills 
 This presentation will also showcase some of the assessment questions we developed to
evaluate the impact of the curriculum on certain SR sub-skills. For example, we validated a set of 
9 questions for assessing a progression of reasoning skills associated with control of variables 
(COV).[12] By pre- and post-testing our algebra-based (n=296) and calculus-based (n=503) 
physics students using these questions, we were able to determine the impact of the curriculum on 
moving students to higher orders of COV reasoning.[13] The results in Figure 1 suggest that at 
the low and intermediate levels, students made significant improvements. At the highest level, 
however, little improvement occurred.  

 
 
 

4 Conclusion
Our findings demonstrate that certain scientific reasoning abilities can be developed through 

curriculum designed specifically for this purpose. However, the findings indicate the limited 
success of the curriculum in developing student abilities for higher levels of reasoning in 
situations involving control variables. It suggests that additional lab activities may be needed to 
move students to these higher levels of reasoning, and more research is needed.
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Abstract. This contribution deals with physics curriculum for secondary school. We present the 
results of a literature review focused on the methodology of physics curriculum development and 
the results of our preparatory phase of a qualitative research which will aim for development of 
a new physics curriculum. The literature review has shown that the methodology of curriculum 
development is in effect missing and if we would like to create a new physics curriculum, we 
must create our own transparent methodology. We have decided for a qualitative research 
approach and we would like to interview persons which are relevant for physics curriculum.

1 Introduction  

At the Department of Physics Education, Faculty of Mathematics and Physics, Charles 
University in Prague, there is an effort to create a new physics curriculum for secondary schools 
in the Czech Republic. The origin of the current Czech physics curriculum and of the physics 
textbooks content is not methodologically transparent and there are reasons for a change
(especially a physics teachers’ and education experts’ dissatisfaction with the contemporary 
situation and with the traditional curriculum). Unfortunately, according to the literature review it
seems there is no publication with a detailed methodology of curriculum development.

The absence of any detailed description of methods resulted in our decision to come up with 
our own ones. We would like to conduct approximately 30 interviews with physicists working in 
the Czech Republic with an international credit (a high h-index). We expect the first ideas for the 
new physics curriculum to come from the results of these interviews, which are going to be 
processed by the methodology of grounded theory, [1] and [2].

2 Methods

2.1 The Literature Review 

We were reviewing international databases Scopus and Web of Science where the 
keywords curriculum, development, design, reform, physics, science, secondary school and 
curriculum-making were used for searching of relevant publications. Approximately 450 
abstracts were reviewed but only 23 publications at all included some relevant information. 

2.2 The Selection of Relevant Persons for Interview about Physics Curriculum

We have found approximately 5 000 physicists which are working in the Czech Republic 
and have a potential for high h-index which was assessed according to publications on Web of 
Science (publications were found by ORCID numbers). We identified approximately 1 300
physicists with h-indexes between 1 and 84 (77 of them have an h-index between 30 and 84) 
and we are going to interview 30 of them from the top down.
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evaluate the impact of the curriculum on certain SR sub-skills. For example, we validated a set of 
9 questions for assessing a progression of reasoning skills associated with control of variables 
(COV).[12] By pre- and post-testing our algebra-based (n=296) and calculus-based (n=503) 
physics students using these questions, we were able to determine the impact of the curriculum on 
moving students to higher orders of COV reasoning.[13] The results in Figure 1 suggest that at 
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however, little improvement occurred.  

 
 
 

4 Conclusion
Our findings demonstrate that certain scientific reasoning abilities can be developed through 

curriculum designed specifically for this purpose. However, the findings indicate the limited 
success of the curriculum in developing student abilities for higher levels of reasoning in 
situations involving control variables. It suggests that additional lab activities may be needed to 
move students to these higher levels of reasoning, and more research is needed.
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3 Results

In many found publications, an insufficient attention to physics (or science) curriculum is 
criticized (see [3], p. 31, and [4], p. 420). Moreover, many publications dealing with curriculum 
describe discrete case studies with no frame of reference (see [5], p. 736).

Mathematics in physics has been an issue ever since physics appeared at the secondary school 
level – see [3], p. 32 and 33; [4], p. 422 and 423; [6], p. 318, and [7], p. 105.

So-called academic curriculum is the oldest type of curriculum and still commonly used at 
secondary school science lessons (see [5], p. 737, and [8], p. 359). Also, the content selection of 
the curriculum is typically guided by habit or tradition (see [3], p. 36, and [6], p. 325).

The establishment of a committee is a common way how an official curricular reform begins 
and a common practice is that members of this committee are in effect randomly selected, and 
their work is not transparent and without an extensive review or testing (see [5], p. 736 – 737).

When a new curriculum is being developed, it is important to not focus only on one 
curriculum dimension, e.g. a content dimension, but also on others (see [5], p. 731 – 733, and [4],
p. 421).

Before the conference, interviews with approximately 30 physicists are going to be conducted 
and we would like to present the first results on the conference.

4 Conclusion

The presented literature review results show that it is very difficult to find some relevant and 
detailed information about methodology of curriculum development. Methodological 
information is rare and publications that are relevant usually only identify problems of 
contemporary physics (science) curriculum.

The selection of relevant persons for interviews was influenced by several aspects. Especially,
we couldn’t find the ORCID number for every scientist – especially due to coincidences of 
names and missing affiliations at the official ORCID webpage. And not every scientist with an 
international credit publishes at Web of Science database and has high h-index. Luckily, the 
nature of our research doesn’t require a complete list of physicists in the Czech Republic or 
a complete list of all people with some h-index. We would like to conduct around 30 interviews, 
so 77 potential respondents with a high h-index are enough.
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Abstract. We present an assessment framework for physics degree courses developed in the 
context of the European project CALOHEE (Measuring and Comparing Achievements of 
Learning Outcomes in Higher Education in Europe). The aim of the project was to improve 
higher education programmes and to facilitate the comparison of students’ achievements across 
Europe. The reference model was built as a merger of the Qualifications Framework for the 
EHEA and the EU European Qualifications Framework for Lifelong Learning.

1 Introduction  

The EU funded project CALOHEE (Measuring and Comparing Achievements of Learning 
Outcomes in Higher Education in Europe, [1]) was developed in the context of the Tuning 
initiative with the aim of both improving higher education programmes and facilitating the 
comparison of students’ achievements across Europe. The motivation for the project lies in 
the need for European institutions to agree on common references to define the competences 
of graduates. In fact, while the Qualifications Framework for the European Higher Education 
Area (QF-EHEA, [2]) and the European Qualifications Framework for lifelong learning
(EQF, [3]) provide useful indications of what outcomes are expected at different levels of 
education, there is a lack of up-to-date internationally agreed frameworks at the subject area 
level. The CALOHEE project has tried to fill this gap by developing an assessment 
framework for five subject areas, including Physics, starting from the overarching European 
frameworks. In this contribution we present the work of the Physics Subject Area Group 
(SAG), who addressed the following question: what competences - phrased as learning 
outcomes - should be developed by a degree programme in physics at the end of each (1st and 
2nd) cycle, and how do we measure them?

2 Background and reference model 

In order to link the learning outcomes of a specific subject area to overarching 
qualifications frameworks, a major part of the CALOHEE work has been to build a model 
that merges the two main European frameworks. While the QF-EHEA covers in particular the 
learning process, the EQF focusses on the preparation for life in society and the world of 
work. In the CALOHEE model [4], the descriptors in the reference frameworks are organised 
on the basis of ‘dimensions’. A dimension indicates a constructive key element of the subject 
area. Each dimension was linked to the one of the five strands of the QF-EHEA; by applying 
the categories of the EQF, the description of each dimension then involves three descriptors: 
‘knowledge’, ‘skills’, and ‘autonomy and responsibility (wider competences)’. 

3 Outcomes of the physics subject area 

The CALOHEE assessment framework for Physics [5] reflects the common structure used 
in the CALOHEE project. After analysing the characteristics of the physics subject and the 
features of physics degree courses across Europe, the physics SAG revised the learning 
outcomes for physics described in relevant national and international documents. As a result 
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international credit publishes at Web of Science database and has high h-index. Luckily, the 
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of this process, the SAG identified a set of 9 dimensions, which were matched to the 
dimensions of the QF-EHEA as illustrated in Table 1. 

 
Table 1. The dimensions of the CALOHEE assessment framework for physics. 

Dimensions of the QF-EHEA Dimensions of the CALOHEE assessment framework for 
Physics

I) Knowledge and Understanding 1.Theories and models 
2.Mathematical methods

II) Applying Knowledge and 
Understanding 

3.Experimental design and scientific inquiry  
4.Problem solving

III) Making Judgement 5.Scientific culture  
6.Work ethic and integrity

IV) Communication Skills 7.Communication  
8. Project management and teamwork

V) Learning skills 9.Professional development 

Central to the Tuning approach is the formulation of level descriptors in terms of 
measurable and well-stated learning outcomes. To this end, each of the dimensions listed 
above was further split into sub-dimensions to describe its core elements in greater detail. 
This procedure was followed for both the 1st and 2nd cycle. Moreover, the CALOHEE 
assessment framework was complemented by an overview of some teaching, learning and 
assessment strategies that can be useful in order to attain the expected learning outcomes.

4 Conclusion 

In many countries, the present phase of application and extension of the Bologna process 
provides a favourable context in which to test and implement innovation in curricular design 
and rethinking of specific course units. We hope that this assessment framework could serve 
as a tool for modernising, revising, evaluating, and enhancing existing physics programmes 
and to design new ones, and as a reliable instrument for measuring and comparing students’ 
achievement at the national and international level.
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Abstract. Malaysian teaching and learning secondary physics curriculum is depicted on the core of the National 

Philosophy of Education and National Philosophy of Science Education. The developed curriculum has been 

based on the research done locally and at international levels in the areas of students’ learning and teachers’ 

teaching, but seems lack emphasize on taking students’ alternative conceptions in the teaching process as a 

consequence of difficulties of learning physics. The aim of this paper is to look at the didaktik tradition views in 

the area of curriculum development, in particular quantum mechanics, its orientation towards problem-solving, 

and conceptual understanding.    

Introduction  

Developers at the Malaysian Curriculum Development Centre (CDC) revise the national 

secondary curricula based on feedbacks provided by the academicians at the higher 

institutions, corporate figures, research findings locally and internationally, and within the 

frameworks of the National Philosophy of Education and National Philosophy of Science 

Education. Little is known about understanding of students’ existing knowledge or prior 

knowledge from Malaysian educational contexts, although the national curricula’s 

epistemological emphasis is on constructivist teaching and learning. In other words, 

secondary physics content still depends on the consensus of physicists who provide the 

descriptions of scientific knowledge with concepts, principles, laws and theories in which 

some are abstract, complex, and condensed, but is not based on students’ understanding of 

scientific knowledge. Instead of looking at this ‘curriculum tradition’, this paper investigates 

alternative the ‘didaktik tradition’ in that the descriptions of specific scientific knowledge in 

secondary physics curriculum are viewed from contexts specific, termed didaktik analysis. 

The inclusion of didaktik analysis in Malaysian secondary physics curriculum promises, not 

only for improving, the development of teaching sequence for specific physics content in the 

classroom, but also, the needs of students’ learning.   

 

D02-4

of this process, the SAG identified a set of 9 dimensions, which were matched to the 
dimensions of the QF-EHEA as illustrated in Table 1. 

 
Table 1. The dimensions of the CALOHEE assessment framework for physics. 

Dimensions of the QF-EHEA Dimensions of the CALOHEE assessment framework for 
Physics

I) Knowledge and Understanding 1.Theories and models 
2.Mathematical methods

II) Applying Knowledge and 
Understanding 

3.Experimental design and scientific inquiry  
4.Problem solving

III) Making Judgement 5.Scientific culture  
6.Work ethic and integrity

IV) Communication Skills 7.Communication  
8. Project management and teamwork

V) Learning skills 9.Professional development 

Central to the Tuning approach is the formulation of level descriptors in terms of 
measurable and well-stated learning outcomes. To this end, each of the dimensions listed 
above was further split into sub-dimensions to describe its core elements in greater detail. 
This procedure was followed for both the 1st and 2nd cycle. Moreover, the CALOHEE 
assessment framework was complemented by an overview of some teaching, learning and 
assessment strategies that can be useful in order to attain the expected learning outcomes.

4 Conclusion 

In many countries, the present phase of application and extension of the Bologna process 
provides a favourable context in which to test and implement innovation in curricular design 
and rethinking of specific course units. We hope that this assessment framework could serve 
as a tool for modernising, revising, evaluating, and enhancing existing physics programmes 
and to design new ones, and as a reliable instrument for measuring and comparing students’ 
achievement at the national and international level.

References  

[1] CALOHEE (Measuring and Comparing Achievements of Learning Outcomes in Higher Education in 
Europe), Co-funded by the Erasmus + program of the European Union, Agreement number: 562148-EPP-
1-2015-1-NL-EPPKA3-PI-FORWARD, https://www.calohee.eu/.

[2] Bologna Working Group, A Framework for Qualifications of the European Higher Education Area,
Danish Ministry of Science, Technology and Innovation, Copenhagen, 2005.

[3] European Commission, The European Qualifications Framework for Lifelong Learning (EQF), Office for 
Official Publications of the European Communities, Luxembourg, 2008.

[4] R.Wagenaar (Ed), Tuning-CALOHEE Assessment Reference Frameworks for Civil Engineering, Teacher 
Education, History, Nursing, Physics, University of Groningen, Groningen, 2018.

[5] O.Pantano and F.Cornet (Eds.), Tuning Guidelines and Reference Points for the Design and Delivery of 
Degree Programs in Physics (Edition 2018), University of Groningen, Groningen, 2018.



442

Ministry of Education Malaysia in its revision of the secondary school physics curriculum 

(Secondary School Standard Curriculum, (2018) has introduced quantum physics which is to 

be implemented in 2021 for 17 years old students. Topics covered in the curriculum include 

light quantum theory – the ideas of quantum theories, definition of quantum energy, and wave 

particle duality, the concept of photon, and problem solving for photon energy and power; 

photoelectric effect – four characteristics of photoelectric effect that cannot be explained by 

wave theory; and Einstein photoelectric theory – minimum work function,   hf = W + ½ mv2 , 

critical frequency and work function, and work function for metal,  W=hfo . 

Didaktik Analysis of Quantum in Physics Curriculum  

Didaktik analysis (Fischler, 2010) is a process where specific scientific knowledge (quantum 

physics) from the physicists’ point of views is transformed into contexts specific of the 

knowledge for schooling or instruction purposes. This is done through analyses of the 

quantum physics from the curriculum specifications and textbooks, its philosophy and 

historical development, and empirical research on students’ conceptions in relation to 

cognitive and affective aspects such as students’ potentials or abilities, their attitudes and 

interests, and difficulties. After analysing the content of quantum physics, the next step is 

developing and evaluating a lesson plan, developing a teaching sequence as part of the lesson 

plan, and finally reflections.      

References 

Fischler, H. (2010). Didaktik – an appropriate framework for the professioanl work of science 
teachers? In D. Corrigan, J. Dillon & R. Gunstone (Eds). The Professional knowledge base of 
science teaching. (pp.31-50). New York:Springer.
Secondary School Standard Curriculum, (2018). Physics: Curriculum Document Standard 
and Assessment of Forms 4 and 5. Putrajaya: Ministry of Education Malaysia.  

 



443

D03
Physics Curriculum: Development and Implementation

Chair: David FEATONBY

Date & time: Tuesday (2nd July) 14:30 – 16:00
Room No.: KF88

Michal Roskot: The Conceptual Test in Wave Optics

Tetyana Antimirova: Creating Curriculum for STEAM Education

Tetyana Antimirova: “Just-in-Time” Approach to Integrating Mathematics
Content into Electromagnetism Curriculum

Paul Logman, Jaap Kautz: From Dublin descriptors to implementation in
Bachelor labs
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The Conceptual Test in Wave Optics 
Michal ROSKOT 

Charles University, Faculty of Mathematics and Physics, Ke Karlovu 2027/3, 12116, Praha 2 

This article is devoted to the progress in development of the Conceptual Test in Wave 
Optics. The purpose of this test is to inspect students´ misconceptions in wave optics.  The 
Conceptual Test in Wave Optics was originally dedicated to high school students, but as it 
will be mentioned lately, there are reasons to re-evaluate this decision. In literature we can 
find tests, which operate in a similar field of knowledge and which we can use as important
sources of inspiration. These are for example The Wave Concepts Inventory (WCI) [1], The 
Wave Diagnostic Test (WDT) [2] which is inspecting the wave concepts in general or Light 
and Spectroscopy Concept Inventory (LSCI) [3] which is focused mainly on spectrum 
phenomena. The methodology used for the procedure of the test creation is inspired by the 
following article [4].

The plan of preparation of the test was originally divided into following steps: 

1. Interviews with experienced teachers –identifying problematic tasks. 
2. Creation of the conceptual test. 
3. Pilotage of conceptual test. 
4. Standardization of the conceptual test. 

The first three steps were realized. Pilotage of the conceptual test showed, that the test 
with only 39% success rate is evidently too demanding for high school students. It seems that 
students have plenty of misconceptions in wave optics and maybe even that the majority have 
no conception of wave optics phenomena at all.  There are more reasons for this state as is the 
little time devoted to this topic or low motivation – the topic is usually included at the end of 
the school year and in the period when students are focusing on subjects they are planning to 
take within the school leaving exam which is not usually physics. The problematic itself 
requires also a big ability of imagination, because it is hard to “touch” wave optics 
phenomena. So there arises a question if we should teach wave optics at high school deeper 
than in a popular way and as an illustration of the beauty of physics. Due to above mentioned 
problems of students with this topic it is not surprising, that reliability of the test measured on 
the sample of 105 high school students was very low. So we can´t use this test as a tool to 
compare the level of understanding of different students.  For that reason, the standardization 
(point 4 in the previous bill) on the representative sample has no sense now and we have to 
find another way this time. 

The new direction of the research is to examine university students, where we have an
assumption that they will be more successful in the test and that they will be more interested 
in problematics. Depending on the results of reliability of the tested sample it will be decided 
on standardization of the Conceptual Test in Wave Optics on the university level. If it will be 
successful it could be used as tool for evaluation in optics courses, if not it will serve just like 
a reservoir of tasks, inspiration for teachers and an instrument for inspecting some 
misconceptions in wave optics.  
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This presentation describes a structure of the test itself and it submits some results of the 
research on university level students. 
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Creating Curriculum for STEAM Education  
 
 

Tetyana ANTIMIROVA  

Ryerson University, M5B2K3, Toronto, Canada  

 
Abstract In a modern society art and science have long been viewed as unrelated human 
endeavors. Recently, some scientists and artists are beginning to seek the opportunities for 
collaboration on projects that involve both science and art. Moreover,   universities are 
beginning to embrace the idea of  STEAM (Science, Technology, Engineering, Art and 
Mathematics) education, which requires  an appropriate STEAM curriculum. The talk will 
discuss the Undergraduate course under development which is focused  on the science of light 
and color. Unlike the existing courses,  the course  will, in addition,  explore the role that 
physics laws play in creating realistic works or art.   
 

1 STEAM Approach to Undergraduate Education  

Even after the emergence of the scientific method during late Renaissance and early 
Baroque period, advances in art, science, architecture and music were intertwoven, but 
science and art totally split apart by the 19th century. In a modern society, art and science are 
often viewed and emphasised as unrelated, and even opposing human endeavors.  However, 
the disconnect between science and art is being re-considered. Long held attitudes are 
beginning to change, as many scientists and artists are starting to look for the opportunities to 
collaborate across disciplines in their research and creative activities. A number of science 
research centers created positions of artists in residence, with a mandate to communicate 
science to general population through art, such as prominent program established  at CERN 
[1]. This is partially motivated by the need to foster basic scientific literacy of general 
population which is required for informed decision-making and managing the challenges and 
complexities of society. On the other hand, the value of artistic creativity and imagination for 
careers in science and engineering is becoming recognised more and more, which calls for 
introducing courses and entire programs that capitalize on cross-fertilization between science 
and arts. The need for balanced STEAM (Science, Technology, Engineering, Art and 
Mathematics) curriculum in an undergraduate and professional education is increasingly 
discussed among the educators.  One can say that STEAM is a new STEM. 
 

2 Science of Light and Color Taught Through Examining the Realistic Artworks 

Both formal and informal, STEAM education can take many forms: university-level  
required and elective courses, public lectures, workshops and masterclasses, as well as  ArtSci 
clubs, salons [2] and exhibitions.  
 

The presenters will focus on their own attempt to create a curriculum focused on the 
science of light, color and vision. A set of lectures supplemented by science and art-related 
demonstrations is being prepared, with a final goal of developing an elective course accessible 
to the art, science and engineering student population. This talk will outline a proposed 
syllabus for the course. The idea of such courses is not entirely new. However, the proposed 
course, in addition to more standard topics, will also include parts examining how various 
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artistic media exploit laws of physics and mathematics to create compelling artworks. For 
example, one of the more unique chapters will explore how the understanding of optics 
phenomena (in particular, reflection, refraction, diffraction and polarisation) is absolutely 
essential for creating believable realistic paintings. Selected works of old masters will be 
examined for examples of the visible  manifestations of physics laws. 

3 Conclusion 

Incorporating arts into science and engineering education is a relatively new approach to 
teaching science that has an additional potential to captivate students and unleash their 
creativity. Creating meaningful curriculum for STEAM education requires collaboration 
between science educators and practicing artists.  
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“Just-in-Time” Approach to Integrating Mathematics Content
 into Electromagnetism Curriculum 

Tetyana ANTIMIROVA  

Ryerson University, M5B2K3, Toronto, Canada  

Abstract. This paper re-examines the use of mathematics in upper division physics courses,
Electromagnetism in particular. Instead of covering mathematics content as a separate review 
module at the beginning of the course, mathematics topics are introduced using a “just–in-
time” approach, right when the need for a new math tool arises. This approach allows the 
students to “translate” complex mathematics ideas and adapt them to the physics content. 

1 Challenges of Teaching and Learning Intermediate and Advanced Electromagnetism 

An Electromagnetism course is one of the cornerstones of undergraduate physics honors 
programs. Unfortunately, this is also a part of the physics curriculum that the students find 
especially challenging. The abstract, non-visual nature of the concepts together with the need for 
relatively advanced mathematics knowledge are difficult to master even for strong students. 
While there is a wealth of knowledge available about the difficulties and misconceptions that 
students face in a large-enrollment introductory physics courses for science, engineering and pre-
medical programs, the upper year division courses remain relatively neglected. As a result, much 
less is known about students’ learning in the upper division physics courses, including Electricity 
and Magnetism. Also, these courses are more likely to be taught in a traditional, instructor-
centered manner, which, many will argue, is not conducive for student learning. Major textbook 
publishers have made many positive contributions to the improvement teaching physics at the 
introductory level. However, for obvious reasons, they are not as motivated in providing similar 
materials for more specialized relatively small-enrollment upper year division courses. While 
some promising attempts to reform electromagnetism part of curriculum for physics majors were 
undertaken over the last couple of decades [1], none of the attempts, to our knowledge, led to a 
significant shift in the way intermediate and advanced Electromagnetism is taught and learned 
today. 

2 Competencies-Based Curriculum  

During the past decade, the Ontario education system has moved toward a competencies-
based model of course delivery. Departments and programs are required to look at the learning 
outcomes across the entire curriculum beyond the individual courses. For example in our own 
undergraduate program, improving math skills is listed as one of the learning outcomes not only 
in mathematics courses, but in a number of physics courses as well. Electricity and Magnetism 
are subjects that offer excellent opportunities to promote this goal. Differential analysis, multiple 
integrals, divergence, gradient and curl operators, line and surface integrals, theorems of 
Green, Gauss and Stokes are typically covered in mathematics courses that are pre-requisites
for the Electromagnetism. Hovewer, many students have a significant difficulty applying their 
new math knowledge to a physics domain. To add to the problem, many commercially 
available textbooks on Electricity and Magnetism provide insufficient math review, or provide it 
in a stand-alone chapter that is disconnected from the rest of the textbook content.
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3 “Just-in-Time” Approach to Integrating Math Tools into Electromagnetism 
Curriculum.  

The motivation for the upper year Electromagnetism curriculum redesign originates from the 
author’s own experience in teaching a third-year Electromagnetism course and the attempts to re-
think the way it taught. The proposed change does not require a significant increase of resources. 
Instead of covering mathematics content as a separate module, the math topics are introduced 
using a “just–in-time” approach, right when the need for a new math tool arises. The math tools 
and techniques are mapped into the physics content to appear at the appropriate time and for the 
specific tasks. This approach allows the students to “translate” complex math ideas, adapt and 
apply them to the physics content, and immediately see the relevance of math techniques for 
solving the physics problem. The students are also required to create their own concept map that 
integrates not only the Electricity and Magnetism content, but also relevant mathematics 
concepts. 

4 Conclusions 

This is a work in progress, and no conclusive formal data on the effectiveness of the approach 
are available at this point, although the preliminary data indicate some success. More formal 
evaluation of the implemented strategies is being undertaken in the current semester. 
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From Dublin descriptors to implementation in Bachelor labs
Paul LOGMAN, Jaap KAUTZ

Leiden University, Faculty of Science, Leiden Institute of Physics, 
Leiden, The Netherlands

Abstract. A description of the implementation of a completely renewed setup for Bachelor labs
is given. The setup renewal is described from Dublin descriptors and the national domain specific 
reference frame making use of the latest educational research insights into Bachelor practicals. A 
choice between more open and closed labs is discussed and illustrated with some of the 
experiments conducted by the students. A summary is given of students’ feedback after the labs.

1 European and Dutch standards for Bachelor studies in physics 

In 2002 the Joint Quality Initiative published the Dublin descriptors for Bachelors studies in 
Europe [1]. In 2008 the final version of the Physics Tuning Brochure [2] has been published in 
which their proposed 16 generic competences are mapped against the 5 dimensions of the Dublin 
descriptors. Based on the document Reference Points for the Design and Delivery of Degree 
Programmes in Physics (Tuning project) [3] and A European Specification for Physics Bachelor 
Studies (EPS) [4] several improvements have been made to the Dutch domain-specific reference 
frame for physics [5]. In this document the end qualifications in order to obtain a Bachelor 
degree in physics for each competence are described.

2 Types of practicals that address certain competences

Etkina [6] describes several scientific abilities and how to assess them. Holmes [7] makes the 
case that to learn to think like a physicist practicals need to change from cookbook practicals 
with prescribed outcome to more open process-focused introductory labs in order to attain the 
scientific abilities described by Etkina. Holmes also proposes to assess students’ processes 
instead of students’ products. 

Holmes describes two types of process-focused introductory labs that move away from 
cookbook practicals but there may be others as well: 
- Structured Quantitative Inquiry labs (SQI) in which the students is given a constrained 

experimental goal and setup and the student may decide how to perform the experiment 
and analyse it, and 

- Investigative Science Learning Environments (ISLE) in which new and surprising 
phenomena are investigated by autonomous groups of students. 

3 Method

We have cross-referenced the competences from the Dutch domain-specific reference frame 
with those scientific abilities that can be addressed within Bachelor practicals as described by 
Etkina. We have rewritten the various scientific abilities into learning objectives for the 
practicals that are offered at the university and expanded those to very specific levels (e.g. the 
student is able to identify possible sources of systematic and statistical errors within various 
types of experiments). Next, we divided the learning objectives over the various courses 
containing practicals that are offered.

Looking at our learning objectives we realized that for the more basic objectives SQI-labs 
were more appropriate whereas for the more challenging objectives ISLE-labs were the only 
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option. We decided to start each block of practicals with more constrained experimental goals 
(like the SQI-labs) followed by a block of practicals that have an almost completely open 
character. 

4 Results 

Using these considerations we have managed to construct a lab curriculum that addresses all 
scientific abilities described by Etkina and more and managed to relate them to the Dutch 
domain-specific reference frame and the Dublin descriptors as well. 

Students and teaching assistants appreciate the labs highly. In the feedback that students 
provide they tell us that they find the labs very challenging but also very interesting and fun. 
They also tell us that there is a lot to learn from the labs and the labs make them think for 
themselves. Several teaching assistants who followed the course before its latest renewal wished 
that they had been able to follow the course in this setting because that would have saved them 
the struggle with various underlying concepts that they had gone through. 

During the presentation we will present our underlying scheme by highlighting the relations 
between a couple of specific learning objectives and the scientific abilities as described by 
Etkina. We will also illustrate the way in which we think these scientific abilities relate to the 
various qualifications in the Dutch domain-specific reference frame for physics and the 
competences used in the Dublin descriptors. 

We will also illustrate various of the experiments that we use and we will end by showing you 
comments students made after finishing the first four blocks of labs. 
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Impact of Context Rich Physics Problems on Candidate 
Elementary Science Teachers’ Problem Solving Skills and 

Motivation in Physics
Haki PEŞMAN, Üzeyir ARI

Fırat University, Faculty of Education, Department of Mathematics and Science Education, 23119, 
Elazığ, Turkey

Abstract. Turkish elementary science teachers have difficulty in physics problems in a nation-
wide exam to be selected as science teachers. This study aims at determining if the use of 
context-rich physics problems (CRP) help candidate elementary science teachers develop their 
problem-solving skills and motivation in physics. The sample is consisted of 27 senior 
elementary science education students who were taking a course titled “Physics Teaching in 
Science Classes.” Mechanics related CRPs developed by the authors were utilized in the lesson. 
In consequence, CRPs were effective in developing problem solving skills with a large effect size 
and self-efficacy with small to medium size.

1 Introduction  

Use of context-rich or context-based physics problems have been quite common for a long 
time (e.g. Good, Marshman, Yerushalmi, & Singh, 2018; Heller, Keith, & Anderson, 1992; 
Ogilvies, 2009; Tural, 2012). One or more of the following characteristics may be possessed by a 
context-rich problem (CRP): (1) the unknown variable is not explicitly identified, (2) extra 
information with respect to the information required for the solution is presented, (3) Required 
information may be missing because it can be easily estimated or it is a common knowledge, (4) 
and reasonable assumptions may be made to solve the problem (Heller, Keith, & Anderson, 
1992). CRPs are very useful to make students acquire problem solving strategies as well.

Turkish elementary science teachers have difficulty in a nation-wide exam to be selected as 
science teachers. They struggle especially with physics problems. This study aims at determining 
if the use of context-rich physics problems help candidate elementary science teachers enhance 
their problem-solving abilities and motivation in physics.

There are two hypotheses in this study:
1. Use of CRPs problems about mechanics improves candidate science teachers’ well-

defined physics problem solving skills.
2. Use of CRPs about mechanics improves candidate science teachers’ motivation in 

physics.

2 Method

2.1 Sample 

All elementary science teachers at Fırat University constitutes the accessible population of
the study. The sample is consisted of 27 senior students who were taking a course titled as 
“Physics Education in Science Classes.” Therefore, the sampling is convenience sampling 
(Fraenkel & Wallen , 1996).
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2.2 Method 

Mechanics related CRPs developed by the authors were utilized to help the students 
develop their problem solving skills. Because measuring tools were administered to them 
before and after the treatment, the study is the group pretest-posttest design, a weak 
experimental research (Fraenkel & Wallen, 1996). 
2.3 Instruments 

To assess students’ problem solving skills quantitatively a 30-item achievement test was 
developed by the authors using traditional physics problems. The Cronbach reliability coefficient 
was calculated as .68. To assess motivation in physics, a 25-item version of Affective 
Characteristics Questionnaire (ACQ) developed by Abak (2003) was used. The alpha reliability 
was .92. 

3 Conclusion 

Repeated measures Multivariate Analysis of Variance (Repeated MANOVA) was used for 
the analysis. Because the sample size was limited, a statistically significant development in 
problem solving skills could not be observed although there was a practically significant 
development (Wilk’s Lambda = .451; F(7, 11) = 1.913; p = .16; Partial Eta Squared = .55). 
Univariate tests showed that there was statistically and practically significant development in 
problem solving skills (F(1, 17) = 16.5; p < .05; partial eta squared = .49) and not statistically but 
practically significant development in self-efficacy in physics (F(1, 17) = .436; p > .05; partial 
eta squared = .03). 
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A proposal for a didactic strategy at University level to 
introduce the meaning of the Planck constant  

Francesca MONTI  

Dept. of Computer Science, University of Verona, Strada Le Grazie, 15, 37134, Verona, Italy 

Abstract. A didactic strategy suitable at University level is proposed to introduce the meaning 
and implications of the quantum of action. The presented approach relies on the ideal gas 
kinetic theory and on the Boltzmann definition of entropy and is based on the theoretical 
calculations of the absolute entropy for an ideal monoatomic gas independently made by 
Sackur and Tetrode between 1911 and 1913. Due to the interdisciplinary connections with 
mathematics the proposed approach is particularly appropriate for Mathematics and Physics 
majors as well as for pre-service and in-service science teachers.

1 Introduction and motivations 

The need of a unified treatment of modern physics that doesn’t present thermodynamics 
and quantum theory separately [1] and the importance of addressing fundamental 
thermodynamical concepts from the microscopical point of view since their very first 
introduction [2, 3, 4] are two sides of the same coin. This work presents a route to introducing 
the meaning of the quantum of action that is complementary to the theory of black-body 
radiation and allows for strong interdisciplinary connections with Mathematics. The approach 
is based on the theoretical calculations of the absolute entropy of an ideal monoatomic gas 
independently made by Sackur and Tetrode between 1911 and 1913 [5, 6, 7, 8], addressing 
the underlying physical hypotheses and the necessary mathematical details.  

2 Didactic strategy 

Introducing the microscopical point of view in thermodynamics requires to emphasize that 
not only the existence of microscopic constituents but also quantization in terms of a set of 
discrete energy values must be assumed for a given physical system. The bridge between 
microscopic thermodynamics and quantum physics relies on how the discrete energy levels 
are calculated and here is where the quantum of action comes in. The ideal gas represents a 
simple physical system to show and discuss this fundamental fact. 

To this aim, the starting point is the ideal gas law PV = nRT for n moles inside a cavity of 
volume V at thermal equilbrium at temperature T and pressure P. From its macroscopical 
definition, the entropy S of the ideal gas is derived as a function of T and V up to an 
undetermined additive constant S0:  

 
S (T, V, n) = 3/2 nR lnT + nR lnV + S0                                              (1) 

 
Given the number N of microscopic massive particles and the Avogadro Number NA it 

follows that PV = kNT where k = R/NA is the Boltzmann constant. The total internal energy of 
the ideal gas can be calculated from the kinetic theory hypotheses as E = 3/2 NkT and the 
entropy can be written as a function of E, N and of an undetermined constant S’0: 

 
    S (E, V, N) = kN (3/2 ln E/N + ln V/N) + S’0                                                                     (2) 
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In microscopical thermodynamics thermal equilibrium is identified with a specific 
configuration of particles among a given set of discrete energy levels, i.e. the one that 
maximizes the number of ways in which it can be obtained through permutations. Thermal 
equilibrium means “maximum entropy” from the second law of thermodynamics as well as 
“maximum ” from the microscopical point of view. Hence mathematical considerations and 
the ideal gas law allow to deduce the Boltzmann relation between S and : 

 
S = k ln             (3) 

 
The core of the proposed approach comes here in discussing how eq. (3) allows to 

determine the exact expression of eq. (2) for a monoatomic gas: this requires either to count 
the number of cells available for the N particles inside the phase-space volume (Tetrode route) 
or to calculate the distribution of particles among the possible kinetic energy levels starting 
from the number of ways in which N particles can be distributed as N1, N2... Nr among r 
values of kinetic energy (Sackur route). The correct expression for the absolute entropy is 
obtained only if the indistinguishability of particles is taken into account: 

     
S (E, V, N) = kN [3/2 ln E/N + ln V/N + 3/2 ln (4m/3h2 ) + 5/2]                      (4) 

 
The key point is that both methods require to define the dimension of the elementary cell 

(i.e. the quantum of action h) in which each particle can be found either in the phase-space 
(Tetrode) or in the time-energy domain (Sackur). The method followed by Tetrode requires to 
calculate the volume of an ipershere in the 3N-dimensional momentum space of radius 
(2mE), while the method followed by Sackur requires a maximization procedure based on 
use of Lagrange multipliers and calculus of momenta of a Gaussian function. It must be said 
that the right value of h is indeed obtained by comparying eq. (4) with experimental data [8]. 

3 Final remarks and conclusions 

The above described teaching approach offers the advantages of presenting the Planck 
constant as the quantum of action that gives the exact dimension of the minimum possible 
elementary unit either in the position-momentum domain or in the time-energy domain - a 
concept that doesn’t emerge so clearly in the theory of black-body emission - and of showing 
that the Planck constant is associated not only to photons but also to massive particles. Due to 
the strong interdisciplinary connections with mathematics, the proposed didactic strategy 
results to be particularly appropriate for Mathematics and Physics majors as well as for pre-
service and in-service science teachers. 
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TTHHEE AAMMAAZZIINNGG WWOORRLLDD OOFF SSPPIINNNNIINNGG TTOOPPSS

David Featonby Execultive member of Science on Stage Europe. 
5 The Dene , Wylam, Northumberland , England, NE41 8EN 

Introduction

Spinning Tops are arguably the oldest toy on the planet, they have been found in 
cultures throughout the centuries, and today can be found throughout the world. 
Almost everyone has a some stage in their played with a spinning top. The motion of  
a spinning top demonstrates a wide range of physics principles , and yet most school 
syllabuses fail to include any reference to these include these delightful objects. 
Spinning tops can also motivate and fascinate, and modern engineering and 
technology has given us new insights into these wonderful objects 

The workshop/lecture 

Following a general introduction summarising where we find tops in almost all 
aspects of our lives, (music, literature, well being, play  to name a few). My lecture 
will examine the different properties of the spinning top which make it such a useful 
tool in understanding “how things work”, and extending school syllabi.

Two major articles recently published on the spinning top in Physics Education.[1][2] 
, their aim being to show teachers just how interesting these tops can be , and to show 
how they can bring to life some areas of the curriculum  that would otherwise be quite 
dry. 

We will look at why spinning tops keep going, and how that property can be used to 
illustrate other properties, conservation of energy , illusions, and colour mixing. Well 
engineered tops will spin given a twist for several minutes. This leads to the idea of 
perpetual tops, which are widely advertised or should I say “misadvertised” in toys 
shops. Recent electronic developments add to the interest as the tops rotate enabling 
quantitative measurements to be made. One of the other properties to examine is the 
stability of tops, (and indeed all spinning objects). This property has been used in 
many applications from navigational aids to exercise balls. 

Many don’t realise that there are fundamental differences between tops with pointed 
and rounded tips. Their different properties can be explained at many different levels 
which is useful in understanding the whole of science. The properties lie behind the 
attraction to many all over the world of the “whipping top” .  Whipping tops all have 
rounded tips. 

Once we understand the process by which a whipping top erects itself, a property that 
is shared with  many twist tops,  we can procede to the infamous “tippee top”, [3]  the 
top that turns itself upside down. 

The lecture will I hope lead to further investigation and interest. What began for me as 
a fleeting interest in the top during my son’s university studies, and a fleeting 
reference as part of a lecture on toys for primary schools has developed into a wider 
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In microscopical thermodynamics thermal equilibrium is identified with a specific 
configuration of particles among a given set of discrete energy levels, i.e. the one that 
maximizes the number of ways in which it can be obtained through permutations. Thermal 
equilibrium means “maximum entropy” from the second law of thermodynamics as well as 
“maximum ” from the microscopical point of view. Hence mathematical considerations and 
the ideal gas law allow to deduce the Boltzmann relation between S and : 

 
S = k ln             (3) 

 
The core of the proposed approach comes here in discussing how eq. (3) allows to 

determine the exact expression of eq. (2) for a monoatomic gas: this requires either to count 
the number of cells available for the N particles inside the phase-space volume (Tetrode route) 
or to calculate the distribution of particles among the possible kinetic energy levels starting 
from the number of ways in which N particles can be distributed as N1, N2... Nr among r 
values of kinetic energy (Sackur route). The correct expression for the absolute entropy is 
obtained only if the indistinguishability of particles is taken into account: 

     
S (E, V, N) = kN [3/2 ln E/N + ln V/N + 3/2 ln (4m/3h2 ) + 5/2]                      (4) 

 
The key point is that both methods require to define the dimension of the elementary cell 

(i.e. the quantum of action h) in which each particle can be found either in the phase-space 
(Tetrode) or in the time-energy domain (Sackur). The method followed by Tetrode requires to 
calculate the volume of an ipershere in the 3N-dimensional momentum space of radius 
(2mE), while the method followed by Sackur requires a maximization procedure based on 
use of Lagrange multipliers and calculus of momenta of a Gaussian function. It must be said 
that the right value of h is indeed obtained by comparying eq. (4) with experimental data [8]. 

3 Final remarks and conclusions 

The above described teaching approach offers the advantages of presenting the Planck 
constant as the quantum of action that gives the exact dimension of the minimum possible 
elementary unit either in the position-momentum domain or in the time-energy domain - a 
concept that doesn’t emerge so clearly in the theory of black-body emission - and of showing 
that the Planck constant is associated not only to photons but also to massive particles. Due to 
the strong interdisciplinary connections with mathematics, the proposed didactic strategy 
results to be particularly appropriate for Mathematics and Physics majors as well as for pre-
service and in-service science teachers. 

References 

[1] J. Mehra and H. Recheberg, The Historical Development of Quantum Theory.Vol.1, Springer Verlag (1982) 
[2] M. Alonso and E.J. Finn, An integrated approach to thermodynamics, Phys. Teach. 33 (1995) 296
[3] F. Reif, Thermal Physics in the introductory physics course: why and how to teach it from a unified atomic 

perspective. Am. J. Phys. 67 (1999)1051 
[4] C.H. Kautz, P.R.L. Heron, P.S. Shaffer and L.C. McDermott, Student understanding of the ideal gas law, Part 

II: A microscopic perspective. Am. J. Phys. 73 (2005)1064
[5] O. Sackur, Die Anwendung der kinetischen Theorie der gase auf chemische Probleme, Ann. Phys. 36 (1911) 

958
[6] O. Sackur, Die universelle Bedeutung des sog. elementaren Wirkungsquantums, Ann. Phys. 40 (1913) 67
[7] H. Tetrode, Die chemische Konstante der Gase und das elementare Wirkungsquantum, Ann. Phys. 38 (1912) 

434; Berichtigung ibid. 39, 255 
[8] W. Grimus, 100th anniversary of the Sackur-Tetrode equation, Ann. Phys. 525 (2013) A32-A35 

D04-J01-2

(Topic J: Outreach of Physics)



460

hobby, a collection of tops from over 30 countries, and a realisation that there is a 
huge depth of understanding to be gained through their study. 

Practical extensions include 
Practical 

 Spinning top competition….who can spin a simple twist  top the longest? 
can anyone spin a top upside down ? 

 Guessing  how many times tops spin before they stop 
 Top tricks…throwing a spinning top from one person to another

Making tops from everyday materials 
 tops with different patterns using a pencil and card 
 tops to demonstrate colour combinations  
 tops from milk bottle tops, paperclips, seeds  

References:    

[1]David Featonby  Physics Education ”Dare we teach tops?”   2010 Physics 
Education 45 (4) 
Although this is an old article  targetted at secondary teachers it does demonstrate a 
wide range of applications of spinning tops. It has been superceded by the following 
article. 
[2] D Featonby   :  Spinning tops revisited  2019 Physics . Education. 54 01502 
[3]  David Featonby  : Can we understand the Tippee Top? 2014  Physics Education 
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Should the third Newton’s law be the first one? A TLS on 
dynamics for upper secondary school 

Mikel SAGASTIBELTZA, Paulo SARRIUGARTE, Kristina ZUZA and Jenaro GUISASOLA 
Applied Physics department, UPV/EHU Europa Plaza 1, 20018 Donostia, Basque Country 

Abstract. In this paper we are presenting the first part of the design process of a Teaching Learning Sequence 
(TLS) following Design Based Research (DBR) methodology. The TLS was designed for the upper secondary 
school students on particle dynamics. In this work, we present the results of the first phases of the DBR 
methodology. 

1 Introduction  

There are plenty of research works on students’ difficulties in Dynamics and the difficulties 
are very well established [1]. Although there are also some proposals for implementation with 
the aim to overcome those difficulties most of these proposals do not make explicit the design 
decisions and the evaluation of the proposal is usually done only looking to the students’ results, 
leaving at the side the evaluation of the quality of the sequence. In this work, we are going to 
describe the design process of a TLS following the first phases of the Design Based Research 
(DBR) methodology [2, 3]. We are going to do explicit the design choices and show that the 
decision are research informed.  

2 Designing a TLS on dynamics (focus, understand, define and conceive) 

The focus of this TLS is for students that choose a semester of physics at the first year of the 
upper secondary school (16-17 years old) as subject. The curriculum of physics includes 
dynamics and Newton’s Laws. Following DBR methodology, in understand and define phases 
the aim is to define the learning indicators of the TLS and decide how in deep have to be 
included in the sequence. All this decisions might be research informed, to do so we used 
following tools: epistemological analysis, analysis of the students’ difficulties and learning 
demands.  

2.1 Epistemological analysis 

The epistemology of physics on dynamics arises a starting point from few primitive elements 
and shows how they could evolve into a complex system of reasoning. When the concept of 
force is defined, the first characteristic that theory of physics mention is that it is an interaction. 
The concept interaction itself, involves two bodies implied in and so, in both bodies is going to 
detect that interaction between them. This characteristic of the force is the Newton’s third law.
Other characteristic of the force is that the net force acting on a body accelerates that body 
proportionally to the force. The relation between the force and the acceleration is defined as the 
inertial mass of the body. The total acceleration of a body could have two components, tangential 
acceleration that changes the speed and normal acceleration that changes the direction of the 
velocity [4].

2.2 Learning difficulties and learning demands 

The learning difficulties related with the dynamics are researched in deep and they are very 
well established thanks to questionnaires as Force Concept Inventory [1]. The literature shows 
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that most relevant difficulties for the level of our students are: a) They misunderstand when they 
try to interpret graphs and when they work with vectors; b) some students understand the force as 
an “impetus” that that disappears over time; c) students think that objects with big mass can do 
bigger forces and only active forces do force; d) regarding forces and motion: the last force 
acting defines movement of the body, Force and speed are proportional and friction forces 
stopped bodies. In the presentation we will discuss the usefulness of the “Learning demand” tool 
to inform the design about the gap between leaning objectives and students’ difficulties. 
Learning demand is the tool to identity the ontological and epistemic differences between 
students’ known previous knowledge and the science content to be learned. To define them it 
is necessary to confront the characteristics of the concepts or law you need to teach and the 
difficulties that students’ show when they start learning those [5].

3 Results: Structure of the TLS 

The relation between learning indicators and learning difficulties is shown in table 1. 
Learning indicator Learning difficulties 
i1. Sketch the free body diagram, identifying the other 
body that causes this interaction. 
 Identify the nature of force as an interaction 
 Identify force as a vector 
 

To work with vectors 
Only active force do force 
Objects with big mass can do bigger force 
Friction forces stopped bodies 

i2. Apply the dynamic laws in a proper way  
 Understand the 3rd Newton’s law, identifying both 

forces in different bodies 
 Understand and apply the 2nd Newton’s law, 

reaching the value of the acceleration 

Only active force do force 
Objects with big mass can do bigger force 
The idea of impetus 
Friction forces stopped bodies 
The last force acting defines movement of the body 
Force and speed are proportional 

i3. Ability in problem solving and problem solving 
skills. 

To understand graphics 
Applying scientific skills 

Table 1 Relation between learning indicators and learning difficulties 

4 Conclusions 

Based on the results obtained in this work, a TLS on dynamics has been designed. Regarding 
the results obtained from the application of the DBR methodology our proposal is to start with 
the Newton’s third law. The second part of the research project is ongoing; implementation 
(build phase), evaluation (test phase) and redesign.   
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Abstract. Since the 1960s there has been a  growing realization among countries that education, 
in particular science education curricula, needed to be adapted to accommodate the varying needs 
and abilities of the students while, at the same time, address the ever-increasing role of science 
education in the economy of the countries. The focus of this work is to examine how Ireland and 
five other European OECD countries – Denmark, Finland, Netherlands, Norway and Sweden -
addressed these issues within the context of developing policies and curriculum for physical 
sciences in upper secondary schools over the fifty-year period 1966-2016.

1 Introduction 

In 1965, the European Ministers of Education held their fifth conference in Vienna, Austria. 
Resolution number 3 of the conference centred on “present problems in Upper Secondary 
Education’ arising from an increase in the number of students continuing into upper second 
level education and consequently the need to expand both the type and range of courses 
provided [1].  Three key resolutions were proposed: 

 the demand for increased educational opportunity and national manpower 
requirements; 

 different ways of providing upper secondary education – either as a distinct division of 
education or within the continuous process of secondary education as a whole; 

 the organization of studies - either in a comprehensive or in more diversified form. [1].  

In the report Targets for Education in Europe [2], Irish targets were discussed along with the 
northern European countries of Denmark, Iceland, Norway, Sweden and the United Kingdom.  
All had a centralized second level education system with curricula and standards established 
by education ministries with the exception of Iceland and the United Kingdom.  

2. Discussion 

The focus of this study is to examine how physics curricula in Ireland and in these five 
countries have evolved since the 1965 Council of European Ministers of Education proposals.  
By using a decade-by-decade time-line model this study will discuss the influence of these 
resolutions in the context of changes in national policies and physics curricula at upper 
secondary over the fifty-year period 1960s-2010s.   
 In the 1960s, entry to third level education was contingent on the successful completion 
of upper secondary education.  There was a limited range of courses on offer to students.  
Typically, in Denmark, Finland, the Netherlands, Norway and Sweden, students were 
required to choose one of three or four pathways i.e. classical studies, general sciences or 

D04-J0-4

that most relevant difficulties for the level of our students are: a) They misunderstand when they 
try to interpret graphs and when they work with vectors; b) some students understand the force as 
an “impetus” that that disappears over time; c) students think that objects with big mass can do 
bigger forces and only active forces do force; d) regarding forces and motion: the last force 
acting defines movement of the body, Force and speed are proportional and friction forces 
stopped bodies. In the presentation we will discuss the usefulness of the “Learning demand” tool 
to inform the design about the gap between leaning objectives and students’ difficulties. 
Learning demand is the tool to identity the ontological and epistemic differences between 
students’ known previous knowledge and the science content to be learned. To define them it 
is necessary to confront the characteristics of the concepts or law you need to teach and the 
difficulties that students’ show when they start learning those [5].

3 Results: Structure of the TLS 

The relation between learning indicators and learning difficulties is shown in table 1. 
Learning indicator Learning difficulties 
i1. Sketch the free body diagram, identifying the other 
body that causes this interaction. 
 Identify the nature of force as an interaction 
 Identify force as a vector 
 

To work with vectors 
Only active force do force 
Objects with big mass can do bigger force 
Friction forces stopped bodies 

i2. Apply the dynamic laws in a proper way  
 Understand the 3rd Newton’s law, identifying both 

forces in different bodies 
 Understand and apply the 2nd Newton’s law, 

reaching the value of the acceleration 

Only active force do force 
Objects with big mass can do bigger force 
The idea of impetus 
Friction forces stopped bodies 
The last force acting defines movement of the body 
Force and speed are proportional 

i3. Ability in problem solving and problem solving 
skills. 

To understand graphics 
Applying scientific skills 

Table 1 Relation between learning indicators and learning difficulties 

4 Conclusions 

Based on the results obtained in this work, a TLS on dynamics has been designed. Regarding 
the results obtained from the application of the DBR methodology our proposal is to start with 
the Newton’s third law. The second part of the research project is ongoing; implementation 
(build phase), evaluation (test phase) and redesign.   
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languages. Students in Ireland were restricted to studying a total of six subjects – two of 
which were mandatory – with four additional subjects selected from a range of 23 subjects.  
As a result, the majority of Irish students did not choose to study physics at the upper 
secondary level.   

3. Findings 

In the 1960s a utilitarian approach to science education was consider as one of key drivers for 
economic growth in Europe [3]  However, by the 2010s, a more holistic view of the value of 
science education for all was envisioned, as encapsulated in the European Commission report 
on Science Education for Responsible Citizenship [4]  
 By the 2010s, reforms and restructuring of the upper secondary level education in all six 
countries lead to an increased programme/subjects choices for students.  In Ireland, physics 
was still an elective subject and out of an even longer list of 31 subjects available at upper 
secondary level. In contrast, in Denmark, Finland, Norway and Sweden, there was marked 
increase in the number of core subjects that included physics. In the Netherlands, physics was 
included within the elective Nature and Technology. By the 2010s reforms of the upper 
second level system resulted in increased access to all third level education via the upper 
secondary route or the upper vocational route.  Yet this did not lead to a comparable increase 
in the number of students studying physics.
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languages. Students in Ireland were restricted to studying a total of six subjects – two of 
which were mandatory – with four additional subjects selected from a range of 23 subjects.  
As a result, the majority of Irish students did not choose to study physics at the upper 
secondary level.   

3. Findings 

In the 1960s a utilitarian approach to science education was consider as one of key drivers for 
economic growth in Europe [3]  However, by the 2010s, a more holistic view of the value of 
science education for all was envisioned, as encapsulated in the European Commission report 
on Science Education for Responsible Citizenship [4]  
 By the 2010s, reforms and restructuring of the upper secondary level education in all six 
countries lead to an increased programme/subjects choices for students.  In Ireland, physics 
was still an elective subject and out of an even longer list of 31 subjects available at upper 
secondary level. In contrast, in Denmark, Finland, Norway and Sweden, there was marked 
increase in the number of core subjects that included physics. In the Netherlands, physics was 
included within the elective Nature and Technology. By the 2010s reforms of the upper 
second level system resulted in increased access to all third level education via the upper 
secondary route or the upper vocational route.  Yet this did not lead to a comparable increase 
in the number of students studying physics.
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Abstract. We have used the Investigative Science Learning Environment (ISLE) as a framework 
for reforming the introductory physics laboratory sequence at a university in the Midwest USA. 
Lab experiences have been reformed to focus on science abilities and experiment design, in 
contrast to “cook-book” content-verification labs. Students were tasked with designing and 
executing observation, testing, and application experiments to answer specified research 
questions, with these experiences scaffolded to build abilities. We report on a multiple-group 
quasi-experiment comparing groups completing traditional labs and the reformed labs. Student 
views and scores on the Physics Lab Inventory of Critical thinking (PLIC) will be compared.

Introduction 
The student’s ability to “do” science has received renewed attention in high school and 

university physics classrooms in the USA due to the Next Generation Science Standards 
(NGSS). The NGSS explicitly incorporate science practice abilities, where students demonstrate 
understanding of a topic by showing they can practice science within that domain. With many 
states implementing assessments of modeling, conducting investigations, and analyzing data, 
new pedagogies and assessments are necessary whereby students learn to engage in authentic 
science practice. Similar pedagogies and assessments are necessary for college physics 
instruction, specifically for courses designed for non-science majors and in reformed 
introductory labs [1,2].   

We have used the Investigative Science Learning Environment (ISLE) as a framework for 
reforming the introductory physics laboratory sequence at a university in the Midwest USA. Lab 
experiences have been reformed to focus on science abilities and experiment design, in contrast 
to “cook-book” content-verification labs. Specifically, students were tasked with designing and 
executing observation, testing, and application experiments to answer specified research 
questions within the context of introductory mechanics. These experiences where scaffolded to 
build abilities. We report on the design of the reformed program and on a pre/post-test quasi-
experiment comparing self-selecting students in reformed and non-reformed lab sections.

1 Investigating Science Learning Environment 
ISLE is an educational framework that engages students in scientific practice and 

facilitates the application of learned concepts to the analysis of new, complex phenomena 
[3,4]. The ISLE framework and classroom activities are described in detail elsewhere [3]. For 
the purposes of our lab reform, lab experiments serve three roles within the ISLE framework:  

1. observation experiments (Students make no predictions but observe, describe in 
simple words, and collect data. They later try to come up with explanations.) 

2. testing experiments (Students use the explanations to make predictions about 
outcomes, and test their explanations.) 

3. application experiments (Student use models to measure a value or solve a problem) 
The main focus of ISLE-based instruction is on the development of abilities, such as 

designing and conducting experiments, representing and analyzing data, and estimating and 
evaluating uncertainty. Fundamentally, the defining principles of ISLE are that (1) lab 
experiments should serve as a source of knowledge, as opposed to verification of previously 
"learned" material; and (2) the abilities necessary to design and conduct experiments need to 
be explicitly taught and assessed, as opposed to left implicit. 
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Tab. 1: The first sequence of reformed labs in the ISLE cycle.

Lab Type Abilities
Representations of motion Observation Identifying variables, designing observation

experiments, recognizing patterns, estimating 
uncertainty

Acceleration on a ramp Testing (claim) Making prediction, designing experiments to test a 
claim, making judgements, modifying hypotheses,
uncertainty with multiple measurements

Measuring friction Application Designing independent methods to measure a value, 
propagation of uncertainty, making judgements 
about two values considering uncertainty

Forces and Energy Testing (model) Designing experiments to test a model, linearization 
of a non-linear model, fitting models to data, 
evaluating model fit based on uncertainty

2 Introductory Lab Sequence and Assessment

Table 1 shows the first four labs completed in the reformed sections of the introductory lab. 
Students progress through observation, testing, and application experiments. In each lab, students 
are provided with a research question and are challenged with designing their own experiments 
using a wireless lab system developed at UIUC. The design process is scaffolded based on 
cognitive apprenticeship, where simple experiment design is modeled, students are coached 
through more structured design labs, and finally, the scaffolding is slowly removed until by the 
fifth lab, students are provided only with the research questions. A similar process happens with 
respect to communication, where students are initially provided with very explicit templates for 
reporting methods and results (modeling), with those templates slowly being removed 
(scaffolding). 

Students are assessed using scientific abilities rubrics that are provided to students before 
beginning each task. The rubric criteria were developed by breaking science abilities into sub-
abilities, with the expectations increasing with each new lab experience [4]. To measure efficacy 
of the new reformed program, we are conducting a pre/post-test quasi-experiment having 
nonequivalent group design comparing self-selecting students in reformed and non-reformed 
lab sections. Specifically, we are measuring student affect through surveys and development 
of critical thinking using the Physics Lab Inventory of Critical thinking (PLIC) currently 
under development at Cornell University. These results will be available in early May 2019.
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Abstract. A trigonometric carousel consists of two identical point-like masses suspended by 
means of two massless strings attached to the extremes of the horizontal arm of a T-shaped 
structure rotating at an angular frequency 𝜔𝜔  about its vertical symmetry axis. The system, 
although sharing similarities with a conical pendulum, does not allow an immediate solution for 
the angle 𝜃𝜃 that the string makes with the vertical direction. A trigonometric carousel can be 
easily fabricated with common material. In the present work a preliminary study is made by 
means of numerical and analytic methods. 

1 Introduction  

The pendulum represents a traditional topic in high-school physics. The simple pendulum, 
together with the conical one, is one of those well-known mechanical systems that last over time 
due to their versatility in the didactical practice [1-2]. In the present work we propose a brief 
review of the properties of the conical pendulum and a thorough study of the conical trunk (here 
called trigonometric carousel).   

A trigonometric carousel is schematically shown in fig. 1. It consists of two identical point-
like masses attached to two massless inextensible strings of length 𝑙𝑙. The other hands of the 
strings are attached to the two extremes of the horizontal arm (of length 2𝑟𝑟) of a T-shaped 
structure rotating with angular velocity 𝜔𝜔 about its vertical symmetry axis. This system has been 
proposed as one of the problems in the XXIII edition of Caianiello’s award at University of 
Salerno (Italy) [3]. 

The conical pendulum can be obtained from the trigonometric carousel in the limit 𝑟𝑟 𝑟 𝑟.
One of the characteristic properties of the conical pendulum is the presence of a threshold 
frequency 𝜔𝜔𝑡𝑡𝑡. In fact, in order to let the string rise at a non-null angle 𝜃𝜃, it is necessary to rotate 
the central axis with an angular frequency 𝜔𝜔 higher than 𝜔𝜔𝑡𝑡𝑡. In this respect, one can show that 

𝜔𝜔𝑡𝑡𝑡 = √𝑔𝑔
𝑙𝑙 . (1) 

Of course, the quantity on the right hand side of Eq. (1) is the natural angular frequency of a 
simple pendulum. We may therefore state that there exists a threshold angular frequency 𝜔𝜔𝑡𝑡𝑡
below which only null solutions for the angle 𝜃𝜃 are possible.  

What happens if 𝑟𝑟 𝑟 𝑟? In the case of a trigonometric carousel a very small frequency 
suffices to have a non-null solution for 𝜃𝜃. Therefore, in this case we may set 𝜔𝜔𝑡𝑡𝑡 = 𝑟. In order to 
prove this simple proposition, we solve the dynamical equations for the conical pendulum,
showing that a 4-degree algebraic equation for tan(𝜃𝜃𝜃2) needs to be solved. This equation is 
then numerically solved by means of Mathematica. The analytic procedure developed by Ferrari 
in the XVI Century will also be used to obtain a solution. The two outcomes are finally 
compared. 

2 Analytic and numerical solutions 

By considering the dynamical equations for the trigonometric carousel we first of all prove 
that the following trigonometric equation needs to be solved to obtain a solution for the angle 𝜃𝜃: 
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Tab. 1: The first sequence of reformed labs in the ISLE cycle.

Lab Type Abilities
Representations of motion Observation Identifying variables, designing observation

experiments, recognizing patterns, estimating 
uncertainty

Acceleration on a ramp Testing (claim) Making prediction, designing experiments to test a 
claim, making judgements, modifying hypotheses,
uncertainty with multiple measurements

Measuring friction Application Designing independent methods to measure a value, 
propagation of uncertainty, making judgements 
about two values considering uncertainty

Forces and Energy Testing (model) Designing experiments to test a model, linearization 
of a non-linear model, fitting models to data, 
evaluating model fit based on uncertainty

2 Introductory Lab Sequence and Assessment

Table 1 shows the first four labs completed in the reformed sections of the introductory lab. 
Students progress through observation, testing, and application experiments. In each lab, students 
are provided with a research question and are challenged with designing their own experiments 
using a wireless lab system developed at UIUC. The design process is scaffolded based on 
cognitive apprenticeship, where simple experiment design is modeled, students are coached 
through more structured design labs, and finally, the scaffolding is slowly removed until by the 
fifth lab, students are provided only with the research questions. A similar process happens with 
respect to communication, where students are initially provided with very explicit templates for 
reporting methods and results (modeling), with those templates slowly being removed 
(scaffolding). 

Students are assessed using scientific abilities rubrics that are provided to students before 
beginning each task. The rubric criteria were developed by breaking science abilities into sub-
abilities, with the expectations increasing with each new lab experience [4]. To measure efficacy 
of the new reformed program, we are conducting a pre/post-test quasi-experiment having 
nonequivalent group design comparing self-selecting students in reformed and non-reformed 
lab sections. Specifically, we are measuring student affect through surveys and development 
of critical thinking using the Physics Lab Inventory of Critical thinking (PLIC) currently 
under development at Cornell University. These results will be available in early May 2019.
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tan 𝜃𝜃 = 𝜔𝜔2𝑟𝑟
𝑔𝑔 (1 + 𝑙𝑙

𝑟𝑟 sin 𝜃𝜃). (2)

Fig. 1 Schematic representation of a trigonometric carousel

We therefore realize that two dimensionless parameters naturally arise from this system, namely:

𝛾𝛾 = 𝑔𝑔
𝜔𝜔2𝑟𝑟, (3a)

𝜆𝜆 = 𝑙𝑙
𝑟𝑟. (3b)

Therefore, by setting 𝑡𝑡 = tan(𝜃𝜃/2) , Eq. (2) can be expressed solely in terms of these 
parameters and of the unknown quantity 𝑡𝑡 as follows:

𝑡𝑡4 + 2(𝛾𝛾 + 𝜆𝜆)𝑡𝑡3 + 2(𝛾𝛾 − 𝜆𝜆)𝑡𝑡 − 1 = 0. (4)

Analytic solutions of Eq. (4) in terms of the parameters 𝛾𝛾 and 𝜆𝜆 are sought, after having 
proven that there exists only one positive real solution. It is also proven that this solution is such 
that 

0 < 𝑡𝑡 < 1. (5)

In order to obtain a closed expression for 𝑡𝑡, Ferrari’s method is illustrated and applied in this 
particular case. The software application Mathematica is subsequently used to obtained 
numerical solutions of Eq. (4) for various values of the parameters 𝛾𝛾 and 𝜆𝜆. The Mathematica 
code to obtain the solutions is reported and a systemic approach in graphing the output is
outlined.

3 Conclusion

A trigonometric carousel consisting of two identical point-like masses attached to two 
massless inextensible strings hanging from a T-shaped structure is studied. This system 
represents an extension of the conical pendulum. Solution of the fourth-degree trigonometric 
equation determining the inclination angle of the string with the vertical is found by a hybrid 
analytic and numerical approach.
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Abstract. Smartphones and tablet computers offer new opportunities for science learning inside 
and outside the classroom. There are many potential advantages using such mobile devices as 
experimental tools in physics lessons: they provide compact and mobile and alternatives to many 
more complex and more expensive laboratory setups, they allow for a quick and relatively 
reliable analysis of various data, concerning a wide range of phenomena form the lab to everyday 
life [1]. In this contribution, we will present a selection of the experiments developed within a 
larger research project at the University of Geneva, ranging from uses in physics education to 
citizen science. 

 

1 Introduction 

The number and quality of inbuilt sensors of mobile devices has been continuously 
increasing, in particular through the advent of Micro-Electro-Mechanical Systems (MEMS) 
[2]. Today the available sensors include in most devices microphone, camera, accelerometer, 
gyroscope, ambient light sensor and barometer, and others. In physics (science) education, 
this has allowed for interesting uses of mobile devices as experimental tools (MDET) [1], and 
several empirical studies have found evidence for their positive impact on learning, curiosity 
and interest [3]. On this background, we present several examples of now applications of 
MDETs, ranging form physics education, with a more traditional topic of classical mechanics, 
and an exploratory application to acoustics in everyday life to perspectives in citizen science. 

 

2 Methods 

All the experiments have been performed with an iPhone 7 Plus and/or iPad mini 2. The 
measurement procedure in all cases follows 4 basic steps: a) Data recording by one or more 
sensors of the mobile device, b) Information processing in the mobile (e.g. motion tracking), 
c) Model application in the computer using recorded data and d) Comparison with model 
theories. 

 

3 Two Examples of Experiments Performed with Mobile Devices 

3.1 Vertical Jumps 

Previous work has already considered the use of MDETs to study mechanical variables like 
position, velocity and acceleration in the physics classroom [4]. Here, we consider the vertical 
jump (fig. 1, left). The goal is to test relations between measurable kinematic quantities, in 
particular maximum jump height, in order to make comparisons to the prediction of 
Newtonian mechanics. For instance, the velocity function v(t) during the  stand-up  process  is 
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tan 𝜃𝜃 = 𝜔𝜔2𝑟𝑟
𝑔𝑔 (1 + 𝑙𝑙

𝑟𝑟 sin 𝜃𝜃). (2)

Fig. 1 Schematic representation of a trigonometric carousel

We therefore realize that two dimensionless parameters naturally arise from this system, namely:

𝛾𝛾 = 𝑔𝑔
𝜔𝜔2𝑟𝑟, (3a)

𝜆𝜆 = 𝑙𝑙
𝑟𝑟. (3b)

Therefore, by setting 𝑡𝑡 = tan(𝜃𝜃/2) , Eq. (2) can be expressed solely in terms of these 
parameters and of the unknown quantity 𝑡𝑡 as follows:

𝑡𝑡4 + 2(𝛾𝛾 + 𝜆𝜆)𝑡𝑡3 + 2(𝛾𝛾 − 𝜆𝜆)𝑡𝑡 − 1 = 0. (4)

Analytic solutions of Eq. (4) in terms of the parameters 𝛾𝛾 and 𝜆𝜆 are sought, after having 
proven that there exists only one positive real solution. It is also proven that this solution is such 
that 

0 < 𝑡𝑡 < 1. (5)

In order to obtain a closed expression for 𝑡𝑡, Ferrari’s method is illustrated and applied in this 
particular case. The software application Mathematica is subsequently used to obtained 
numerical solutions of Eq. (4) for various values of the parameters 𝛾𝛾 and 𝜆𝜆. The Mathematica 
code to obtain the solutions is reported and a systemic approach in graphing the output is
outlined.

3 Conclusion

A trigonometric carousel consisting of two identical point-like masses attached to two 
massless inextensible strings hanging from a T-shaped structure is studied. This system 
represents an extension of the conical pendulum. Solution of the fourth-degree trigonometric 
equation determining the inclination angle of the string with the vertical is found by a hybrid 
analytic and numerical approach.
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Fig. 1: Vertical jump and its velocity function (left); frying pan and frequency-surface dependency (right) 

almost linear as shown in figure 1 (left). This implies that acceleration of the center of mass is 
constant, an assumption often mad in the literature without evidence. Predictions based on 
energy conservation (obtained from the measurement of the take-off velocity) and on the 
premise of constant acceleration show good consistency with direct measurement (relative 
deviation < 8%). 

 

3.2 Helmholtz Pan 

Ssshhhhshshh…. the sizzling sound of something frying in a pan (Fig. 1, right) is well-known. 
The pitch of the sound is lower when the lid is almost closed and gets higher when the lid is 
opened. The basic idea is to understand this change by the physics of the Helmholtz 
resonance, i.e. as the lowest mode of an open acoustic cavity. The results of measurements 
with a smartphone show a clear increase of frequency while lid opens (figure 1, right).  The 
results of the real pan (and of a simplified setup) fit with well with the frequency relation 

VL
Acf
Hπ20 =  for a Helmholtz resonator (where V is the volume of the resonator and A and 

LH the area and effective length of its opening). This is an illustrative example of MDETs in 
the service of “daily science”. 

 

4 Conclusion 

In view of the research perspectives proposed at the beginning of this contribution, we can 
clearly state a large potential of the use of mobile technologies for science (physics) learning 
extended even for more massive collaborative experiments as Noise Maps in Citizen Science 
allowing faster results than through traditional methods, useful and more accessible to the 
student community. The use of smartphones and tablets also gives students the freedom to 
perform experiments outside of classrooms or laboratories and it gives them a sense of 
ownership of the data obtained. In sum, this short overview supports the academic value of 
mobile devices, and to expand their use in science education. 
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The deflection of charged particles in magnetic and electric fields is a core concept in physics and 
central to many physics curricula worldwide [1,2]. In secondary education, cathode-ray tubes
(CRT) are often being used to demonstrate the basic phenomenon and introduce the main ideas.
For an inquiry-based approach, however, CRTs seem ill-suited since they offer very limited room 
for modification or hands-on experimentation.
Therefore, a 3D-printable plasma electron gun has been developed which is at the same time 
modular, inexpensive and easily accessible, providing teachers and students with an easy-to-
operate electron beam source.

1 Pros and cons of cathode-ray tubes as de facto standard in higher education 

Cathode-ray tubes (CRT) have long been the standard for studying the deflection of particle 
beams by electric and magnetic fields in upper secondary education. This might be due to the fact 
that cathode-ray tubes offer numerous advantages, ranging from quick and easy setup, to reliable 
and convincing reproduction of the phenomena of interest, to the possibility of studying electron 
beam deflection both qualitatively and quantitatively. 

Upon closer examination, however, it becomes evident that these primarily practical
advantages come at the cost of serious shortcomings from an educational point of view: for 
instance, cost constraints frequently inhibit the use as a hands-on experiment carried out by 
students, thus often resulting in teacher demonstrations leaving the students as mere bystanders. 

Even more severely, the very construction of cathode-ray tubes prohibits any closer 
examination or even disassembly of the main parts without rendering the device unusable. This 
follows from the fact that thermionic cathodes, which typically serve as the source of the electron 
beam in CRTs, require a very low pressure of at most 10-5 mbar [3] or non-reactive gases, such as 
rare gases, in order to be operational, hence preventing the opening of the casing.

As a result, CRTs are more likely to be perceived as “black boxes”, withstanding open inquiry 
and hindering any substantial understanding of the main underlying physical principles.

2 A 3D-printed Plasma Electron Source: Motivation, Design, Use cases

2.1 Key objectives  

To overcome these educational drawbacks of CRTs, we developed a novel 3D-printed plasma 
cathode electron source (Fig. 1) with the objective of making it as affordable, modular, and easily 
accessible as possible and thus allow for in-depth and hands-on investigation of charged particle 
beams. This has largely been achieved by substituting the hot cathode by a plasma cathode, which 
relies on a gas discharge rather than thermionic emission as the main electron source and by 3D-
printing all the main system components.
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2.2 Technical Design and Educational Use cases  

From a technical perspective, the key advantage of plasma cathode electron guns lies in the fact 
that they can be operated under fore-vacuum gas pressures in the order of 10-1 mbar [4,5] – which 
can easily be attained by standard vacuum pumps typically available in schools – and withstand 
reactive gases, thus removing the need of differential pumping or rare gases. Consequently, 
complete disassembly and even modification of design parameters are effortlessly possible, while 
the cost is kept low by relying on 3D-printed parts and standard seals, screws, and washers. 

From an educational perspective, students are enabled to not only actively study magnetic and 
electric beam deflection but also gain a more thorough insight into the principles of beam 
generation and shaping.

3 Conclusion

The presentation will focus on the fundamental system design parameters as well as addressing
educational uses cases and discussing added value. Finally, the envisioned further development 
and expansion of the device will be outlined.

Fig. 1 Schematics of the 3D-printed plasma cathode electron source.
1–connector, 2–end cap, 3–o-ring, 4–plexiglass tube, 5–hollow cathode, 6–anode holder, 7–anode, 8–extractor 
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Selective Energy Suppression and Normal Modes  

Michele D’Anna, Liceo di Locarno (retired) 
Tommaso Corridoni, SUPSI – DFA Locarno and Liceo di Bellinzona 

Abstract 

Coupled mechanical oscillators belong to the most intriguing and fascinating topics of 
intermediate-level physics courses: a considerable amount of papers is devoted to this topic,
presenting both the underlying mathematical structure as well as a variety of
phenomenological studies of particular systems. Generally, however, the focus lies in the
ideal models, where damping is considered as an (undesirable) side effect. Therefore, since
dissipation plays a major role in energy transfer, we have carried out and quantitatively
analyzed two experiments, where dissipation plays a major role, dealing in turn with the
selective suppression of one of the normal modes.
In the first part of our contribution we are going to present the experimental study of the 
frequencies of the normal modes of two coupled oscillators, made up of a cart and a spring,
and interacting with each other through an additional third spring. The second part reports
on two experiments performed to obtain the selective suppression of one of the two normal
modes. This is achieved by adding in turn the appropriate accessories to the carts: the anti-
symmetrical oscillation is suppressed by damping the relative motion of the carts, while the
symmetrical oscillation is damped off through a device placed between the two carts that
contrasts the overall motion of the system.
The experimental part is significantly simplified by the use of two wireless carts, while the 
FFT tool available in the data acquisition system allows us to look in real time at the time
evolution of the relative strength of the two normal modes that characterise the system. 
For the modelling and the quantitative analysis of the experimental results, we will proceed 
in small steps: at first, we are going to point out some experimental factors indicating the 
need to go beyond the model of the ideal harmonic oscillator; in particular: we are going to
discuss how to take into account the fact that the springs used are not massless. Then we are 
going to compare our experimental results with the predictions of a first mechanical model, 
highlighting a systematic shift of the frequency of the symmetrical mode, which is due to the 
non-vanishing inertia of the interaction spring; for this reason, we are going to outline a 
better description, introducing a more accurate model of the interaction spring. 
With reference to our concrete didactic experience with some students (as part of their final 
work that is required to graduate from our high school) we will also make some reference to
the chance of using this experiment to introduce students to the tools of dynamical 
modelling. 

* * *
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Abstract. Education in the 21st century requires a new design of educational programs for all 
types and levels of schools. The pre-graduate physics teacher education faces to new 
requirements from the learning school environment. Now we need to answer the key question, if 
our university is able to prepare students for their further practice at schools? This paper will 
present our experiences with the evaluation of the science teacher education program at the 
Palacky University and the cooperation with in-service physics teachers in the community of 
practice.   
 
 
Key words: physics teacher, education, community of practice 
 

1 Introduction 

Physics teachers faces a lot of needs and expectations of the school environment. They have 
to understand a variety of problems, understand the subject  Physics and other science 
disciplines, and get the pedagogical content knowledge.. Are the graduates of the university well 
prepared to overcome all these expectations?  At the Faculty of Science in Olomouc a new 
educational program was prepared. In this program the outcomes of research projects solved at 
the faculty were incorporated. 

2 Research 

The aim of the research was to compare and analyze physics lessons taught by pre-service 
teachers (students) and skilled in-service teachers. The lessons were video  - taped or analyzed 
during a video-conference. The outcomes of the analysis were worked in the contents of the 
subjects Didactics of Physics and Reflection of the Teaching Practice (two subjects in the 
educational program).  

3 Outcome of research 

The effectiveness of the education program can be involved by IBSE (inquiry based science 
education), the use of physics-specified pedagogy, a wide teaching experience and deep 
cooperation with in – service teachers. Conceiving a community of practice has a positive 
feedback. 

4 Conclusion 

Physics teacher education must be based on research, new instructional methods are elaborated. 
The 21st century skills must include not only pedagogical content knowledge and knowledge of 
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the subject, but also the ability of applying new media, using information, and communication 
skills. A positive feedback was achieved in the community of practice.   
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Abstract. This paper describes a long-term activity of physics demonstration performances
(DEMOS) which is designed for upper secondary students and has almost 30 years of tradition on 
our faculty. Two years ago, we prepared an investigation with the aim to specify the 
characteristics of students who can benefit significantly from the DEMOS. Using a questionnaire 
based on Intrinsic Motivation Inventory, we collected data from almost 5,000 students who have 
visited the DEMOS in school year 2017/2018. In our contribution, we will also discuss 
elementary findings we have obtained in this research so far.

1 Introduction  

Experiments are perceived to be an essential source of knowledge in science and because of 
that they play an important role in science education. In recent decades, active learning methods 
emphasizing the student-centered approach have been promoted, while teachers’ still dominant 
role has taken a back seat. In the field of experiments, students’ independent work is picked up at 
the expense of science demonstrations, which provokes contradictory opinions. Many authors 
state that demonstrations can be tedious and can limit the opportunity for students to develop an 
understanding of the processes of science [1]; additionally, students watching traditionally led 
demonstrations seem to learn only little, if anything [2]. However, other studies show that 
demonstrations could maintain students’ situational interest [3] and they could have a potential to 
stimulate curiosity of the audience and to communicate and share emotions [4]. Experiencing 
these positive qualities personally, we are convinced that despite increasing emphasis on 
students’ own experimenting, teachers’ demonstrations still have their place in science teaching.

2 About the Physics Demonstrations Project for upper secondary students

The project of Physics Demonstrations (DEMOS) we are focusing on is organized by the 
Department of Physics Education at the Faculty of Mathematics and Physics, Charles University,
Prague. This experimental show has a tradition of almost three decades and is aimed at upper 
secondary school students (ISCED 344 and ISCED 354). 

The experiments are presented mostly frontally, only several student volunteers can try a few 
experiments on their own. The show offers mainly experiments that are physically and visually 
attractive and lecturers often work with aids rarely found in schools (air rifle, Lecher wires etc.)

The DEMOS usually take place one day a week throughout the school year. During this day, 
three performances take place; each of them takes 75 minutes with the maximum capacity of
around 80 participants. Therefore, ca. 5,000 students visit the DEMOS every school year.

Currently the DEMOS offer seven physics topics: Acoustics; Electricity and Magnetism;
Electromagnetic Waves; Ionizing Radiation; Mechanics; Optics and Thermodynamics. These
topics are presented 5 or 6 times per year with an exception of Electromagnetic Waves and 
Ionizing Radiation that are believed to be less demanded, so they are offered 3 times per year.

The DEMOS are very popular among teachers, which can be proved by the fact that almost 
all proposed dates are booked within a few days.
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3 Research purpose and sample selection

The increasing interest of the teachers led us to study students’ attitudes towards the DEMOS. 
At the beginning of the investigation, we stated three main questions we answer in our 
contribution.

1) Is there any difference in the way how the DEMOS are perceived by girls and boys?
2) Does the students’ assessment depend on their age or their year of study?
3) Is there a connection between the students’ grades in physics and the way they 

percieve the DEMOS?
The data for the research were collected during the school year 2017/2018. In total, 4,962 upper 
secondary school students, who visited the DEMOS, participated in this research.

4 Research tool 

For the purpose of the investigation a new version of Intrinsic Motivation Inventory (IMI) 
was developed. To construct our IMI for DEMOS (in the following text: IMI-DEMOS), we used 
mainly the Activity Perception Questionnaire [5]. The IMI-DEMOS consists of three subscales: 
interest/enjoyment, value/usefulness and effort/importance. Several other items (mainly for more 
detailed characterization of student population) were added to the questionnaire.

Cronbach’s alpha was used to test reliability of the IMI-DEMOS. All three subscales have 
acceptable internal consistency reliabilities (.88 for interest/enjoyment, .84 for value/usefulness,
.75 for effort/importance) and are comparable with Cronbach’s alpha in similar research [6].

5 Results

The results of the research show that there are no significant gender differences in assessing 
participants’ outlook on the statements in all the three subscales. The assessment does not change 
with students’ year of study either. Nevertheless, after a closer look at the data, we found out that 
for all the three subscales there is a connection between the topic of the DEMOS and the 
students’ responses. Another finding is that the average rating in all subscales is getting worse 
along with the school grade in physics (the worse the grade, the more negative the assessment).
In our presentation, research results will be discussed in greater detail.
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Charles University, Faculty of Mathematics and Physics, Department of Physics Education, 
V Holešovičkách 2, 180 00 Prague, Czech Republic 

Abstract. This paper describes a long-term activity of physics demonstration performances
(DEMOS) which is designed for upper secondary students and has almost 30 years of tradition on 
our faculty. Two years ago, we prepared an investigation with the aim to specify the 
characteristics of students who can benefit significantly from the DEMOS. Using a questionnaire 
based on Intrinsic Motivation Inventory, we collected data from almost 5,000 students who have 
visited the DEMOS in school year 2017/2018. In our contribution, we will also discuss 
elementary findings we have obtained in this research so far.

1 Introduction  

Experiments are perceived to be an essential source of knowledge in science and because of 
that they play an important role in science education. In recent decades, active learning methods 
emphasizing the student-centered approach have been promoted, while teachers’ still dominant 
role has taken a back seat. In the field of experiments, students’ independent work is picked up at 
the expense of science demonstrations, which provokes contradictory opinions. Many authors 
state that demonstrations can be tedious and can limit the opportunity for students to develop an 
understanding of the processes of science [1]; additionally, students watching traditionally led 
demonstrations seem to learn only little, if anything [2]. However, other studies show that 
demonstrations could maintain students’ situational interest [3] and they could have a potential to 
stimulate curiosity of the audience and to communicate and share emotions [4]. Experiencing 
these positive qualities personally, we are convinced that despite increasing emphasis on 
students’ own experimenting, teachers’ demonstrations still have their place in science teaching.

2 About the Physics Demonstrations Project for upper secondary students

The project of Physics Demonstrations (DEMOS) we are focusing on is organized by the 
Department of Physics Education at the Faculty of Mathematics and Physics, Charles University,
Prague. This experimental show has a tradition of almost three decades and is aimed at upper 
secondary school students (ISCED 344 and ISCED 354). 

The experiments are presented mostly frontally, only several student volunteers can try a few 
experiments on their own. The show offers mainly experiments that are physically and visually 
attractive and lecturers often work with aids rarely found in schools (air rifle, Lecher wires etc.)

The DEMOS usually take place one day a week throughout the school year. During this day, 
three performances take place; each of them takes 75 minutes with the maximum capacity of
around 80 participants. Therefore, ca. 5,000 students visit the DEMOS every school year.

Currently the DEMOS offer seven physics topics: Acoustics; Electricity and Magnetism;
Electromagnetic Waves; Ionizing Radiation; Mechanics; Optics and Thermodynamics. These
topics are presented 5 or 6 times per year with an exception of Electromagnetic Waves and 
Ionizing Radiation that are believed to be less demanded, so they are offered 3 times per year.

The DEMOS are very popular among teachers, which can be proved by the fact that almost 
all proposed dates are booked within a few days.
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Examples Of 3D-Printed Apparatus
Martin HOPF

University of Vienna, Austrian Educational Competence Centre Physics, Porzellangasse 4, 1090 
Vienna, Austria

Abstract. Together with preservice teacher students, 3D-printable apparatus were developed and 
evaluated. In this paper, first a few remarks about 3D printing and the physics classroom are 
made. Then some of the experiments developed are presented: Pascals’ Vase, a projectile 
launcher, ball bearing carts and a pinhole camera.

1 3D-Printing in the Classroom 

3D-Printing has developed rapidly in the past few years. 3D-printers are now standard 
equipment for workshops and for model building. This technology is widely-used, readily-
available, and affordable. Low-priced printers can be purchased for as little as $150. In
Austria, most high schools already possess a 3D-printer or plan to purchase one soon. We 
worked with pre-service physics teachers to explore possibilities for printing physics apparatus. 
We began by reviewing ideas that we found online, e.g. to print a magnetic field probe or an air 
puck. The pre-service teachers then developed their own ideas and worked hard to design, try 
out, and redesign their own apparatus. Some of the ideas developed will be presented in the next 
paragraphs.

2 Examples

2.1 Pascal’s Vase 

Many great classroom demonstrations have been developed to show aspects of hydrostatic 
pressure in water. One of the oldest demos is Pascal’s Vase [1, 2] (Fig.1). The apparatus consists 
of differently-shaped containers, which can be fitted within a base. Pascal’s Vase utilizes water 
columns with different shapes and equal area bases. The surprising thing about water columns is 
that the pressure is only dependent on the height of the water column, not on the shape. To 
measure the pressure force at the base of the container, the deformation of a membrane at the 
bottom of the container is used. The membrane was cut from a typical balloon. 

A 3D-printed version has several advantages. Besides the lower price, if time permits, 
students can be asked to design their own shapes, which sparks their creativity and heightens 
their interest in the demonstration. 

Fig. 1 3D-printed Pascal’s Vase Apparatus
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Fig. 2 Left: Sketch of the Projectile Launcher; Right: Parts of the Projectile Launcher

2.2 Projectile Launcher 

With only a few parts printed out and a few screws and a steel spring, one can build a 
projectile launcher for only four Euros (Fig. 2). This apparatus can launch 12mm steel balls. All 
typical experiments, such as the horizontal or inclined throw can be done with this projectile 
launcher.

2.3 Ball Bearing Carts 

We also developed a pair of carts which use ball bearings as wheels and thread rods as 
weights. Of course, they do not roll as smoothly as commercially available carts. But for a 
few Euros, we managed to carry out quite convincing demos of Newtons’ Third Law. Those 
demonstrations will be presented in the talk.
2.4 Pinhole Camera

As Haagen showed, a pinhole camera can be used to enhance students’ learning in optics [3]. 
We now developed a tool to allow easy variation of variables with a pinhole camera. Our design 
allows not only for the pinhole diameter to be easily changed, but also the form of the pinhole 
can be varied. The talk will show all the possibilities of this apparatus.

3 Conclusion

3D-Printing is coming more and more into the focus of physics education. As this talk will 
show, it is quite easy also for novices to learn to handle this new equipment. Additionally, the 
low price to produce apparatus with a 3D printer allows more hands-on activities with middle 
and high school students.
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The Jumping Ring as an Inquiry Project: A Learning Opportunities Perspective 

Dorothy LANGLEY 

Holon Institute of Technology, Holon, Israel  

Rami ARIELI   

(Retired) Davidson Institute of Science Education, Rehovot, 76000, Israel 

Abstract. Selecting topics for long-term physics inquiry projects is a challenge for mentors 
and coordinators. The Jumping Ring phenomenon, which was the final inquiry project of a 
year-12 team in 2016, scores high on many aspects: Appeal and motivation, richness of the 
inquiry options and skills, knowledge extension opportunities and technological and logistic 
manageability.  The presentation focuses on the guidance provided by the mentors for learning 
about AC circuits, exploring the experimental options and becoming aware of naïve conceptions 
involving the coil's magnetic field and resulting forces, Lenz's law and the relationship 
between the primary and induced currents. 

1 Attributes of Phenomena Suitable for High School Physics Inquiry  

Selecting topics for long-term physics inquiry projects is a challenge for inquiry mentors 
and coordinators.  Several aspects should be considered: Appeal of the phenomenon, richness 
of the inquiry options and required skills, content knowledge opportunities and limitations, 
technological and logistic manageability. The Jumping Ring phenomenon scores high on all 
of the above mentioned aspects. It is dramatic, clearly visible, and requires particular 
conditions to succeed. These attributes can contribute to initial motivation and long term 
determination. The lack of novelty of the well-documented effect [1, 2] does not render it 
unacceptable, since understanding and reproducing the effect are non-trivial, and the 
available resources can provide support for students and mentors.  During the 2016 Inquiry 
Physics program [3] it was chosen as the final project by a team of two, year 12, students.  

The experimental system is simple (Fig. 1), consisting of four main components (voltage 
source, primary coil, cylindrical iron core and a metal ring). However, the attributes of the 
components (e.g. voltage, resistance and weight) can be systematically manipulated to enable 
an inquiry of the dependence of the effect on selected variables. The richness of the inquiry 
options and related skills manifests itself in the variety of measurement instruments that can 
be utilized, from basic multi-meters to sensors and motion trackers. The experimental 
system's compact size and simplicity facilitate the assembling, dismantling and storage which 
are necessary between weekly sessions, at a designated academic center or in the school lab.   

The relevant content knowledge integrates electromagnetics and mechanics, so it offers 
the complexity expected of a serious inquiry project and offers challenging knowledge 
extension opportunities beyond the current school physics curriculum. The physics content 
includes standard topics (such as electric circuits, magnetic field and force and 
electromagnetic induction) and advanced topics (such as AC circuits, and phase difference). 
Due to the lack of synchronization between the school curriculum and the inquiry program, 
even the basic physics knowledge is not readily available. Students may remember formulas, 
but have little practice in translating this knowledge to practical measurement routines. The 
mentoring process combined providing and explaining text-book materials for the basics of 
AC circuits, and guiding the design of a sequence of experiments for measuring the attributes 
of the electrical components in DC and AC circuits (full description in the conference paper).  
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2 Overcoming Barriers to Understanding the Upward Propelling Force  

Understanding the Jumping Ring phenomenon requires students to become aware of and 
reframe several naïve conceptions involving the coil's magnetic field and resulting forces, 
Lenz's law, and the relationship between the primary and induced currents. 

Students seem to maintain two different profiles of the magnetic field of a finite coil: one 
is a uniform field along the coil axis (the "infinite solenoid" model) and the other is a 
"fountain" shaped field reminiscent of bar magnets (Fig. 2). The "bar magnet" model is useful 
for explaining attraction or repulsion between current carrying coils and rings, without 
analyzing the vector nature of the magnetic field and the F=BxIL law. These profiles lead to 
different predictions of the magnetic forces on the ring. A uniform axial magnetic field would 
result in radial forces on the ring, which would cancel out due to symmetry. To generate a 
force perpendicular to the ring surface, a radial field component is requires, which fits the 
"fountain" field profile. The roles of the axial and radial components of the magnetic field are 
revealed: Changes in the axial field induce an EMF and current in the ring; the radial 
component does not affect the flux through the ring, but it creates an axial force when the 
current is induced. To test the hypothesis about the dual magnetic field models, a small group 
of physics teachers was asked to consider a coil and a copper winding carrying constant 
electric currents (Fig. 3), and to show and explain the magnetic field and magnetic force felt 
by the copper winding. Analysis of the responses showed that mostly, the attractive force on 
the copper winding was explained by the "magnet" analogy, and was not related to the 
"fountain" magnetic field lines and the resulting components of the magnetic force. (Data 
from a wider sample will be included in the conference paper).  

  Finally, it is necessary to focus on the alternating nature of the currents in the coil and in 
the metal ring. To generate a repulsive force, currents in opposing directions should flow in 
the coil and ring. According to Lenz's law, opposing currents will exist during the two cycle 
quarters that the coil current increases. During the other two quarters, the currents will be in 
the same direction and the ring will be attracted to the coil. In total - a zero net force during 
the 0.02s cycle!  To understand why the net effect is repulsive, students need to recognize the 
phase difference and time lag between the alternating induced EMF and the induced current 
[4]. 
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Fig. 1 Experimental set up 

Fig. 2  Magnetic field  
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Lecture of the tsunami with a simple simulation
Takahiro Makiyama

Yuge College, 1000 Shimoyuge Kamijima-cho, Ochi-gun Ehime-ken PC7942593, Japan

Abstract. Although tsunamis occur so many times in Japan, tsunamis are usually untreated in the 
schools in Japan. It is very important that the students understand the properties of tsunamis and 
prepare the disaster in the future. 

I have the lecture of tsunami with a simple simulation for second grade technical college 
students. I treat the earthquake that occurred in northeastern Japan on March 11, 2011 and run a 
simple simulation of the tsunami. Although this simulation is very simple, this simulation 
reproduces the tsunami well.

1 Introduction  

From now, the tsunamis have damaged Japan so many times. Especially, the earthquake that occurred in 
northeastern Japan on March 11, 2011 caused the huge tsunami and has taken more 18,000 human’s lives. 

However, the tsunami curriculum is rarely treated in the school in Japan. We need to understand the properties 
of tsunamis and prepare for the future.

In this research, I will report the lecture of the tsunami with the simulation. As any wave, tsunamis can be 
reflected, transmitted, refracted and diffracted, so I believe the tsunami is the best theme to treat in the wave unit.

2 Simulation  

2.1 Equations

Tsunami simulation is based on the next equations of motion. Z(x,t) [m]means the surface 
elevation, and U(x,t) [m/s] means the horizontal velocity. H[m] means the water depth. g is 
the gravitational constant which is 9.8[m/s2].
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Fig. 1 Tsunami simulation 

Conclusion 

The tsunami simulation took just one minute to calculate with PC. The students can 
understand the properties (velocity, altitude) of tsunamis by changing the parameters.
Furthermore, since this simple simulation can reproduce the tsunami at 3.11, the students can 
learn the lessons of history. I insist that it is very important to have the lecture of tsunami. 
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L. B. Leitner: The experience of game theory and network 
science in secondary education 

ELTE Physics Education Phd, SZIKG 
Abstract. The teaching of physics assumes the knowledge and the application of strategic 
thinking in addition to basic of mathematics, and physics knowledge. The thinking in 
multiple dimensions it  supports the correct assessment of social, economic and biological 
effects whit analyzing and understanding of tendency of physical processes. Young people 
can get help by  adapting the knowledge element of game theory and network science 
which are used in connection with physical knowledge it can also be used to navigate in the 
economic, natural and social environment.

Introduction 

Experience in the field of game theory and network science can help the thinking the 

multi-dimensional development of high school students'. We can train students in these 

disciplines in an integrated way in the individual lessons. If it's possible, then we can do the 

processing in a smaller group. The students we taught this way, controlled and targeted 

manner after short processing of game theory and network science we can involve in the 

creation and analysis of physical models where the analysis it’s requires the application of the 

knowledge acquired. 

Objective, hypothesis 

The success of physics and its social utility that significantly improve our quality of 

life that physics is a mathematical method it has spread to almost all fields of science in the 

last decade. Materials science and the related high technologies have it recovered that we 

understood the structure of atoms and macroscopic behavior resulting from interactions 

between them also in many atomic materials. Similarly, societies and biological organisms 

and systems of many small parts can be studied. In the latter systems to describe interactions 

between living beings game theory and network science gives the mathematical background. 

Part of the simplest two-person games corresponds to an interaction that is present in physics 

and the consequences of which have been investigated by researchers for decades. At the 

same time, game theory can give an account of situations such as social dilemmas or "round-

beat" which have a significant impact the development and condition of the communities. 

Experience shows to present and analyze life situations presented in the game theory  

the majority of students enjoy it. This interest stimulates (in many cases wake up) to learn the 

way of thinking of science. 

 The purpose of the program is to, the students will be able to adapt to each other's 

thinking, they could develop a routine for analyzing the situation, the need for a multi-lateral 
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assessment of the consequences, and they can build relationships between the natural, 

biological and social networks. I assumed, that the students involved in the program they can 

use it more thoroughly in their own studies the use of the different reference systems. I

assumed before the planned program was implemented, that will both develpoe the emotional 

intelligence the multidimensional thinking and the ability to analyze the relationships of the 

students. 

The realization 

 33 high school students participated in the program. The processing of game theory 

and network science funds was carried out with 11 people. Processing was frontal, and was 

done in group work, but it also required individual research. The other 11 members of the 

group formed the first control group. We discussed topics related to the field of game theory 

or network science in the mathematics curriculum. With the third 11 people, I have not 

developed the multidimensional thinking ability or the possibilities of analyzing the diversity 

of networks in any area. I measured the emotional intelligence of the whole group before and 

after the implementation of the program. The test included adapting other people's emotions, 

analyzing a group's structure, and identifying animal emotions. Preliminary tests included an 

analysis of physical problem situations. Full work consisted of theoretical, practical and 

research parts, where each part examined the probability of the outcome of an interaction. 

After that, the students looked for an example of their own interest, which, in their opinion, 

resembles the physical process being examined. Your examples are presented to their peers, in 

case of any disputes, their decision was supported by arguments. The program ended with 

writing and analyzing post-tests. Some of the tests included the analysis of emotional, other 

parts of the knowledge acquired in the field of game theory and network science, as well as 

problems related to the field of physics. 

Conclusion 

 The students who participated in the program a higher degree of development can also 

be measured as well the strategic thinking and the emotional intelligence. Voluntary students 

have learned some basic elements of game theory and network science, they can apply 

multidimensional thinking and strategic analysis in a simple situation. They are more flexible 

in their approach to physical tasks, their way of thinking is to judge situations from a different 

perspective. 
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Arduino-controlled measuring tools construction in the 
secondary school

Mária Pető
Székely Mikó Theoretical High School, Miko Imre street 1, 520003, Sf. Gheorghe, Romania

MTA-ELTE Physics Education Research Group, H-1053, Budapest, Hungary

Abstract. The aim of the research is to assess students' learning efficiency in the acquisition of 
electrical circuits and measurement techniques by teaching them how to use sensors and Arduino-
based applications. The largest part of Romanian 10th grade Physics curriculum consist of studying 
electrical circuits and their laws, voltage and current measurement. In addition to conventional 
measuring devices, circuit resistors and power supplies that are currently used in the school 
laboratory, the Arduino microcontroller is introduced as a new measuring tool. Arduino-based, 
innovative hands-on exercises always make curious the students, and they are eager to engage in 
such learning activities. 

1 Introduction  

The idea of the program had born when we completed the construction of mini meteorological 
stations with the students of the robotics team. During the one-year project, students learned how 
to use Arduino microcontroller, sensors and how to design circuits. While most of them were tenth 
grade student in mathematics - informatics class, so it was a natural idea to use the knowledge 
acquired during the project in classroom activities.

Before starting the program, they wrote a pre-test. The questions of the test assessed the 
electricity knowledge acquired during the previous (first in the 8th grade) academic years and the 
skills they have regard to the measurement methods. Almost one third of the students (31% of the 
31 students in the class) were familiar with the role and connection method of the volt- and 
amperemeter, but 46% of them did not know anything about measuring devices. More than a fifth 
of students (23%) know the instruments, but did not connect it properly to the circuit. Therefore, 
based on the problem-solving method, students have to learn the fundamental rules and techniques 
of electricity measurements.

2 Building the measuring devices

The tenth-grade physics curriculum primarily examines the structure, operation and proper laws 
of circuits. The basic question is how to determine accurately and efficiently the voltage across the 
resistors with a simple electrical circuit and how to measure the current passing through them in 
the case of serial and parallel connection.

To complete this task, we used the problem-based learning method. Students were divided into 
groups of 4-5, led by a student who is a member of the robotics club. Each group got an Arduino 
board, a breadboard, a current and voltage sensor (fig. 1), some electrical resistors, batteries and 
connecting wires. They had to design a circuit that accurately measures current and voltage on all 
circuit elements. It was also a task for each group to establish a proper measuring circuit for 
checking the serial and parallel connection rules of the resistors and determining the power of the 
resistors.

During designing the circuits, students learned to interpret the sensor data sheet, resistive and 
capacitive measurement techniques. In order to the designed circuits to work well, they should be 
respected the circuit laws.
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analyzing a group's structure, and identifying animal emotions. Preliminary tests included an 

analysis of physical problem situations. Full work consisted of theoretical, practical and 

research parts, where each part examined the probability of the outcome of an interaction. 

After that, the students looked for an example of their own interest, which, in their opinion, 

resembles the physical process being examined. Your examples are presented to their peers, in 

case of any disputes, their decision was supported by arguments. The program ended with 

writing and analyzing post-tests. Some of the tests included the analysis of emotional, other 

parts of the knowledge acquired in the field of game theory and network science, as well as 

problems related to the field of physics. 

Conclusion 

 The students who participated in the program a higher degree of development can also 

be measured as well the strategic thinking and the emotional intelligence. Voluntary students 

have learned some basic elements of game theory and network science, they can apply 

multidimensional thinking and strategic analysis in a simple situation. They are more flexible 

in their approach to physical tasks, their way of thinking is to judge situations from a different 

perspective. 
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Fig. 1 The Arduino Uno, current and voltage sensors and a breadboard

Once the circuits were complete, the command programs had to be written so that the devices 
could be used for classroom activities. These programs were written in C ++ by the students.

At the end of the program, we had used the same test as in the beginning and compared the 
results. More than half of the students (54,73%) participated in the test knew the role of the volt-
and amperemeter and the method they should be connected, 13.5% still did not know what kind 
of instruments were used and how to connect these to the circuit. However, 31,76% of the students 
knew the measuring instruments, they failed to connecting the measuring tools. The survey also 
showed that at the end of the program more students (31% of them, initially it was 11%) could use 
the Arduino board as in the beginning and could programmed them for simple circuit. Using this 
method, students' IT knowledge and IT skills were expanded.

3 Conclusion

These hands-on, mind-on activities are true creative works, where students can use their 
innovative ideas in a new learning situation. Despite the many challenges that they have to solve, 
this is a funny form of learning for students and they are very motivated to participate. During this 
project the students could understand more deeply the internal connection between the theory 
taught at physics and IT classes and those technical applications using a new learning method. 
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method, students' IT knowledge and IT skills were expanded.
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These hands-on, mind-on activities are true creative works, where students can use their 
innovative ideas in a new learning situation. Despite the many challenges that they have to solve, 
this is a funny form of learning for students and they are very motivated to participate. During this 
project the students could understand more deeply the internal connection between the theory 
taught at physics and IT classes and those technical applications using a new learning method. 

Acknowledgements

This is a project coordinated by the Content Pedagogy Research Program (project number 
471027) of the Hungarian Academy of Sciences (MTA).

References

[1] M. Pető, Robotics, CANSAT, ARDUINO – physics at Székely Mikó Science Club, in: Teaching Physics 
Innovatively – New Learning Environments and Methods in Physics Education, e-book, edited by: Király, A., 
and Tél, T., ELTE Eötvös Loránd University, Budapest, Hungary, ISBN 978-963-284-815-0, 2016, 169-174.

[2] M. Pető, Space research and mini-satellites in secondary high school. (HSPACE2017-FP-43) in: L. Bacsárdi, 
K. Kovács (editors): Selected papers of the 3rd International Conference on Research, Technology and 
Education of Space (H-SPACE2017), Budapest, ISBN 978-963-7367-16-8, 2017, 44-48.

[3] M. Pető, A. Király, How to build a mini meteorological station for your school? – a project with a citizen 
science perspective, EMS Annual Meeting Abstracts Vol. 15, EMS2018-853, 2018.

[4] Pető, M.: Space Research and Mini-satellites in Secondary High School, in International Journal of 
Astrophysics and Space Science. Vol. 5, 71-78, doi: 10.11648/j.ijass.20170505.11, 2017c.



498



499

  

Educational Experiments with Oscillating Drops 
 

Assunta BONANNO, Peppino SAPIA 

GAP- Group of Applied Physics. Department of Biology, Ecology and Earth Sciences – University of 
Calabria, 87036, Rende, Italy 

Giacomo BOZZO 
Computer Science Department, University of Verona, Strada Le Grazie 15, 37134 Verona, Italy 

 
Abstract. We present an innovative educational implementation of the classic Oscillating Drop 
Method for studying the surface tension of a liquid, based on an original experimental apparatus 
constructed using easy-to-find materials. Learning sequences based on our apparatus offer students 
(as added value) the opportunity to deal with forced/damped oscillations, a subject whose relevance 
is well known in many areas of Physics. 

1 Introduction  

Surface tension of water is introduced starting from primary school [1] and demonstrations 
based on this emergent property of liquids are widely used in educational contexts at all levels. 
This is particularly relevant considering the role this property has in applied sciences. In fact, 
surface tension is a key factor for the mechanical behavior of small portions of water (droplets, 
pearls, broken jets) and plays a crucial role in a plenty of technological applications in different 
contexts [2], ranging from chemical industry to food science, from automobile manufacturing to 
soil science, from life sciences to biotechnologies. However, quantitative aspects of surface tension 
are hardly treated in secondary school curricula and only marginally introduced in introductory 
physics courses for non-physics students. This situation is deeply regrettable in view of the 
increasing efforts towards an interdisciplinary contextualization of physics with respect to other 
empirical sciences and technological applications. 

In this context, we present an innovative experimental quantitative approach to the dynamical 
aspects of surface tension, based on the high speed video-analysis of the forced oscillations of a 
sessile water drop. A key strength of our proposal consists in the simplicity of the experimental 
apparatus, set up by using easily available materials.  
 

 
Fig. 1 The device used to drive the forced oscillations of a drop. A microscope glass coverslip is axially fixed 
to the diaphragm of a loudspeaker (b) by means of a drinking straw chunk (left for the relative dimensions). 
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2 The experimental idea and the apparatus 

A water drop features an astonishing elastic behavior if its dimensions are small enough to 
neglect gravitational force with respect to cohesive forces. In such conditions a water drop can 
perform a self-oscillatory motion, whose proper frequency also depends on the surface tension of 
the liquid. Such a dependence was first modeled in a classic paper by Lord Rayleigh (in 1879 [3]). 
The experimental study of the resonance curve of the forced oscillation of a drop makes it possible 
to obtain information on the forces involved in the elastic behavior. To this end, we have set-up an 
experimental device based on a loudspeaker driven by a sinusoidal waveform generator through a 
common audio amplifier. The drop to study is laid on a thin horizontal base constituted by a 
microscope glass coverslip, axially fixed to the diaphragm of the loudspeaker by means of a straw 
chunk (Fig. 1). In order to mechanically stabilize the drop and to minimize the effects arising from 
adhesive forces between water and the base, the coverslip is made both sticking (for water) and 
super-hydrophobic by deposing on it a layer of lycopodium spores, a very thin powder that can be 
bought in a common herbal medicine store. The base is set in forced oscillation at a fixed frequency 
and the drop is high-speed filmed [4]. Video-analysis of the movie (Fig. 2) makes it possible to 
obtain the amplitude of the drop oscillation at the given frequency. The procedure is repeated 
varying the frequency until a satisfactory sampling of the resonance curve is obtained. Since the 
system essentially behaves as a driven damped harmonic oscillator, a fit of the resonance curve 
gives information on the resonance frequency and on the dissipative processes involved [5].  

 
Fig. 2 Frames from a high speed movie showing an oscillation cycle of a drop. The time step is 2.5 ms. 

3 Conclusions 

While the oscillating drop technique is well known to professional researchers on the properties 
of liquids [6], its implementation in an educational context is completely innovative (as we know). 
The experimental study of surface tension through our method has the further advantage of 
offering students the opportunity to know (or to deepen) the subject of forced/damped oscillations, 
whose relevance is well known throughout the realm of Physics. The educational experimental 
sequence based on the described procedure is currently being tested with a group of upper high 
school students at the University of Calabria. The learning sequence is also supported by suitably 
developed multimedia tools.  
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Abstract. This contribution is focused on a capillary rise in fabrics and a main goal is to present 
simple experiments with a school microwave kit and woven fabrics. Microwaves are usually 
discussed during undergraduate courses so the proposed experiments can easily be used for 
demonstration purposes or for laboratory work in these courses. 

1 Introduction 

Capillarity is a physics phenomenon that is usually not included in a school curriculum. The 
main reason is probably the underlying physics that is beyond the undergraduate physics. Thus, 
the experimental results are not straightforward and simple to interpret. Despite this, it is worth 
introducing capillary effect also at the primary and secondary level as it is present in our 
everyday life, and many processes in nature and in humans’ activities largely rely on this 
phenomenon. For example, everyone noticed water “climbing up” the trousers on a rainy day. 
When you spill a small amount of liquid, a paper towel comes handy as it immediately soaks 
the liquid up. The field of capillarity laws is in continuous interest of industry and 
fundamental science as it is crucial in variuos processes in oil recovery, civil engineering, 
dyeing of textile fabrics, ink printing, and a variety of other fields [1]. 

 Many techniques and methods have been developed and used to quantitatively analyse 
liquid flow through yarns and fabrics. In the proposed experiments, microwaves are used to 
indirectly detect the absorbed water in different woven fabrics as the absorption of the 
microwaves directly depends on the mass of the absorbed water. Microwaves are frequently 
used for measuring moisture content in different materials, such as soil, minerals, wood, etc., 
as even small quantities of absorbed water have a large effect on the microwave absorbtion in 
the material [2]. Three different experiments with microwaves and fabrics are presented. In 
the first experiment the time dependence of the water absorption in a specific area of the 
fabric is studied. In the second experiment the mass gradient of water content in stationary 
state is measured. And in the last experiment the drying process of a wet fabric is 
investigated.  

2 Experiments overview

In the experiments, a school microwave kit and different woven fabrics are used. The 
experimental setup is the same for all three experiments. The output signal of the receiver is
measured through the amplifier and the Vernier LabQuest interface. The transmitter and the 
receiver are fixed in line, 10 cm apart, with horns facing each other. Between the horns the 
sample of a woven fabric is placed, so the microwaves are passing through the sample. The 
sample is oriented vertically and partially immersed in a water reservoir. In the first experiment 
the measurement starts when the sample is immersed in water and it ends when the stationary 
state is reached, i.e. when the signal stops changing. When the wicking height is constant, the 
second experiment can be performed. In this experiment the position of the sample (together 
with the water reservoir at the bottom) is moved vertically with respect to the microwave kit,
which enables the measurement of the water content distribution in the sample. When studying 
the drying of the sample the water reservoir is removed and the time dependence of the 
transmitted microwaves is measured.
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2 The experimental idea and the apparatus 

A water drop features an astonishing elastic behavior if its dimensions are small enough to 
neglect gravitational force with respect to cohesive forces. In such conditions a water drop can 
perform a self-oscillatory motion, whose proper frequency also depends on the surface tension of 
the liquid. Such a dependence was first modeled in a classic paper by Lord Rayleigh (in 1879 [3]). 
The experimental study of the resonance curve of the forced oscillation of a drop makes it possible 
to obtain information on the forces involved in the elastic behavior. To this end, we have set-up an 
experimental device based on a loudspeaker driven by a sinusoidal waveform generator through a 
common audio amplifier. The drop to study is laid on a thin horizontal base constituted by a 
microscope glass coverslip, axially fixed to the diaphragm of the loudspeaker by means of a straw 
chunk (Fig. 1). In order to mechanically stabilize the drop and to minimize the effects arising from 
adhesive forces between water and the base, the coverslip is made both sticking (for water) and 
super-hydrophobic by deposing on it a layer of lycopodium spores, a very thin powder that can be 
bought in a common herbal medicine store. The base is set in forced oscillation at a fixed frequency 
and the drop is high-speed filmed [4]. Video-analysis of the movie (Fig. 2) makes it possible to 
obtain the amplitude of the drop oscillation at the given frequency. The procedure is repeated 
varying the frequency until a satisfactory sampling of the resonance curve is obtained. Since the 
system essentially behaves as a driven damped harmonic oscillator, a fit of the resonance curve 
gives information on the resonance frequency and on the dissipative processes involved [5].  

 
Fig. 2 Frames from a high speed movie showing an oscillation cycle of a drop. The time step is 2.5 ms. 

3 Conclusions 

While the oscillating drop technique is well known to professional researchers on the properties 
of liquids [6], its implementation in an educational context is completely innovative (as we know). 
The experimental study of surface tension through our method has the further advantage of 
offering students the opportunity to know (or to deepen) the subject of forced/damped oscillations, 
whose relevance is well known throughout the realm of Physics. The educational experimental 
sequence based on the described procedure is currently being tested with a group of upper high 
school students at the University of Calabria. The learning sequence is also supported by suitably 
developed multimedia tools.  
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3 Conclusion 

In the contribution three different experiments with school microwave kit and different woven 
fabrics are presented. The proposed experiments are simple enough to be done by the high 
school or graduate students and enable quantitative measurements of the capillary water 
absorption in fabrics, of the stationary water distribution in fabrics, and of the drying process in 
fabrics. Furthermore, these experiments may introduce capillarity and microwaves in an 
interesting application related to students’ everyday experience
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Abstract. We describe the results of some experiments about using physics demonstrations, 
presented as magical phenomena followed by scientific explanations, for introducing physics 
topics in several teaching contexts. All the demonstrations have been designed to be 
implemented with easy to get and cheap materials, so that students can reproduce them at home. 
This approach has been exploited with good results in Italy in high schools, elderly people 
education and in French primary schools and it is now applied to university courses.  

1 Introduction 

Physics is a difficult subject. This is a common expression among students and lay people, but 
it is true! The main problem with physics is that the most important (and hard to be reached) goal 
is not what should be learnt, but in what has to be forgotten or at least contextualized.  

Our body, and therefore our brain, has been selected to successfully deal with everyday 
experiences, and to comply with them we are born with a hard-wired general knowledge of ‘real-
life physics’, which is essentially Aristotelian [1] or possibly medieval [2]. This innate 
knowledge is also shared with other animals [3]. Unfortunately, a deeper inspection reveals that 
the world follows other rules, and therefore the main goal of a teacher is that of inducing pupils 
to switch (depending on the context) to a different reasoning path with respect to the innate one.  

One technique that can be used for this goal is that of ‘surprising’ the audience [4] by means 
of nearly-magic experiences, followed by a discussion, with an analysis of the physics principles 
involved and the illustration of possible extensions, fields of application, etc. [5]. With respect to 
standard ‘science fair’ experiments, we mainly focus on the magic in everyday life. 

2 Demonstrations 

We perform a variable number of demonstrations, but with a common set of ten experiments 
(Table 1) [6].

These demonstrations have been used in Bocconi University (economy and politics students), 
Free Age University (elderly people). In the winter 2016/2017 we held 20 lectures in various 
schools in Tuscany for the Pianeta Galileo project of the Tuscany Region. These demonstrations 
have also been the core of the didactical physics course of the FoCoSTEP program in the 2017. 

FoCoSTEP is a new training program that has been conceived and created at the ESPE of 
Reunion (France). ESPE are state universities, i.e. graduate schools of education. 

Finally, in the year 2018, these demonstrations have been used in the first physics course in 
Electronic Engineer in the University of Florence.  

We gathered some results from a survey in the 20 high-schools and performed a standard 
force concept inventory test in many university courses in the University of Florence.  
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3 Conclusion 

In the contribution three different experiments with school microwave kit and different woven 
fabrics are presented. The proposed experiments are simple enough to be done by the high 
school or graduate students and enable quantitative measurements of the capillary water 
absorption in fabrics, of the stationary water distribution in fabrics, and of the drying process in 
fabrics. Furthermore, these experiments may introduce capillarity and microwaves in an 
interesting application related to students’ everyday experience
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3 Conclusions 

Our preliminary results show that the students remember well the show and that many of 
them repeated the demonstrations at home (fig. 1). However, the positive impact of these lessons 
on their exam performances is still to be proved, and presumably depends on the possibility of 
making variations of the demonstrations and relating them with quantitative measurements and 
theoretical models. 

Table 1.  The 10 most common demonstrations.  
Title Physical principles 
Sinking the Titanic Archimedes’ principle 
Diver in a bottle Archimedes’ principle, pressure, Boyle’s law, Stevino’s law 
Water in the net Air pressure, surface tension 
Balancing broom Torsion, center of mass, friction 
Bouncing balls Potential energy, kinetic energy, elastic collision, reference system 

Drinking bird Second law of thermodynamics (Kelvin statement), evaporation, relative humidity, 
condensation, pressure, heat, center of mass, thermal machine, entropy 

Tea leaves/winding rivers Centrifugal force, fluid balance, connecting pipes, transverse flow 
Obedient balloon Bernoulli’s law, equilibrium pressure, pressure of a fluid in motion, venturi effect 
Roberto Carlos Bernoulli’s law, magnus effect, viscous drag, reference system 
Vortex cannon/smoke rings Bernoulli’s law 
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A design of a simple experiment on Forced Oscillations 

Barbara ROVŠEK  
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Abstract. Evolution and design process of an experiment on forced oscillations, which was given 
at the national (the last) level of physics competition to 14 years old students in April 2019 will 
be described. The objectives of the experiment, circumstances and limitations will be discussed. 
The final form of the experiment will be shown. Results from competition will be given at the 
end. 

1. Background and rationale 

In 2019 we organised the 39th national competition in physics for primary school students 
in  Slovenia.  The  competition  runs  in  three  stages:  school,  regional  and  national. 
Approximately 20% - 25% of all the students in generation participate at the Þrst (school) 
stage of competition,  and 1 in approximately 25 participants at the school stage succeds to 
enter the third stage, the national competition. It sums up to approximatelly 150 students from 
each of the last two classes of primary school in Slovenia (14 and 15 years old), who have 
already sucessfully participated at the previous two stages of the competition and who get a 
chance to display also their experimental skills and talent at solving experimental problem at  
the national level. While only theoretical problems are given at the Þrst two stages of the 
competition, an experimental task poses an additional challenge for the participants. Since 
physics  is  an  experimental  science,  we  believe  it  is  highly  important  to  also  include 
experimental tasks in the physics competition [1].

2. Objectives 

The experimental exam of the national competition lasts for 80 minutes with 70 students 
taking the exam simultaneously (and after the Þrst round the two groups switch; those who 
did theoretical exam in the Þrst part proceed with experimental exam and vice versa). We 
need 70 identical sets of equipment. The equipment should not be too sophisticated but rather 
simple and inexpensive. We made certain parts by ourselves with support from our technical 
staff at the faculty. The measurements themselves should be rather robust (to be performed by 
inexperienced 14 and 15 years  olds)  and should  be  completed  in  approximately  20  -  25 
minutes.

The Þrst aim of the experimental exam is to test the experimental and practical skills of the 
students. Students have limited time to perform the measurements, to draw a couple of graphs 
and to answer some questions, of which particularly the last ones can be quite complex. The 
students  are asked about  the paterns which should have been observed/noticed and about 
some general properties of the observed phenomena. They are also asked to draw conclusions 
on  the  basis  of  their  (performed)  observations  and  to  make  predictions  regarding  the 
phenomena they could not observe in their experiment.

3. The experiment 

The ultimate goal of the Forced Oscillations experiment was to draw a resonance curve of 
a simple pendulum. Bearing in mind the mentioned objectives — to use simple equipment 
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3 Conclusions 

Our preliminary results show that the students remember well the show and that many of 
them repeated the demonstrations at home (fig. 1). However, the positive impact of these lessons 
on their exam performances is still to be proved, and presumably depends on the possibility of 
making variations of the demonstrations and relating them with quantitative measurements and 
theoretical models. 

Table 1.  The 10 most common demonstrations.  
Title Physical principles 
Sinking the Titanic Archimedes’ principle 
Diver in a bottle Archimedes’ principle, pressure, Boyle’s law, Stevino’s law 
Water in the net Air pressure, surface tension 
Balancing broom Torsion, center of mass, friction 
Bouncing balls Potential energy, kinetic energy, elastic collision, reference system 

Drinking bird Second law of thermodynamics (Kelvin statement), evaporation, relative humidity, 
condensation, pressure, heat, center of mass, thermal machine, entropy 

Tea leaves/winding rivers Centrifugal force, fluid balance, connecting pipes, transverse flow 
Obedient balloon Bernoulli’s law, equilibrium pressure, pressure of a fluid in motion, venturi effect 
Roberto Carlos Bernoulli’s law, magnus effect, viscous drag, reference system 
Vortex cannon/smoke rings Bernoulli’s law 
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and simple measuring procedures — the main design problem was related to the frequency 
stability of the driving force. Apart from the main problem, there were a few more: in order to 
obtain a resonance curve of just the proper width, the damping of the pendulum had to be 
adjusted accordingly. If adjusted correctly, damping can also allow the students to perform 
their experiments faster - when an oscillator is driven with a frequency close to its own, beats 
occur. These have to die out before the measurements of the amplitude response can be taken 
and their decay is described by a characteristic damping time. If damping is too light, the 
characteristic  time  becomes  too  long,  which  would  in  turn  prevent  the  students  from 
performing a whole set of measurements - they only have about 20-25 minutes to measure the 
response of the pendulum for 8 different driving frequencies. Damping the oscillations too 
hard,  on  the  other  hand,  would  pose  a  diametrically  opposite  problem  —  with  energy 
dissipating too quickly there would be nothing to measure too soon… I shall descibe how 
these obstacles were overcome and show the experimental setup.

Fig. 1: The measured resonance curve from the simple forced oscillations experiment. 

4. Conclusion 

Even  though  the  full  treatment  of  the  phenomenon  observed  and  measured  in  the 
experiment by far  exceeds the primary school physics curriculum, it  was suitable for our 
purpose. The purpose was not to fully understand and comprehend a theoretical model of the 
forced oscillations but rather focus on what’s going on, what can be observed, measured, 
noticed, detected and recognized. I shall report about the outcomes — the results our students 
achieved at competition. 
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Although the black body is well defined as a physical entity capable of absorbing all the incident
electromagnetic radiation and then to re-emit a particular distribution of frequencies intensities,
the lack of sensitive experiences about this matter results in difficulties to bring this concept to
the classroom. In this work, we propose an alternative device which simulates the visual color of 
a blackbody for a certain temperature using a set of green, red and blue (RGB) LED.

1 Introduction 

An object, when heated above a certain temperature begins to glow, first in a strong red, 
turning to orange, yellow and at higher temperatures can get white and even blue (1). Although 
this event has long been known to science, several attempts to explain using classical theories 
have failed. Planck was able to explain this phenomena using a different approach (2), thus 
giving birth of what we call now quantum mechanics.

Bodies that absorb all the radiation that strikes their surface are called blackbodies. Research 
into the spectrum they emit would culminate in the development of quantum theory. To obtain 
the intensity of electromagnetic radiation emitted by a black body in thermal equilibrium at a 
given temperature T and wavelength λ, we used Planck's law (Eq. 1).

𝐵𝐵𝜆𝜆(𝜆𝜆, 𝑇𝑇) =
2ℎ𝑐𝑐2
𝜆𝜆5

1

𝑒𝑒
ℎ𝑐𝑐

𝜆𝜆𝑘𝑘𝐵𝐵𝑇𝑇−1
(1)

2 Simulator and Development

First we used Unreal Engine 4 software to build our software simulator, because it contains an
internal function that allows selecting the color based on a blackbody radiation curve (3), and 
also allows photorealistic representations, therefore, facilitating the user comprehension. To use 
the simulator, the user first selects the desired temperature, the simulator varies the wavelength 
between 0 and 3 nm, calculates the intensity at each point, and finds the values to calculate the 
Planck equation (Eq. 1) for the energy density irradiated by the blackbody cavity. In Fig. 1 (a) 
we show the image generated by our software simulator of blackbody at 5770 K. In Fig. 1 (b) is 
shown a picture of our Sun taken from the ISS.

Then we developed an Arduino controlled RGB-LED, that, at a given temperature value in 
kelvin, will shine with the color of the blackbody surface at the same surface temperature. This 
value is obtained by the Unreal Engine 4 simulator by using a USB or by adjusting the knob 
controller in the device. All manufactured LED’s need to have their color normalized by using a 
simple linear conversion using each individual color intensity in Lumens so they be matched to 
the same maximum intensity (4). Fig. 2 shows the light emitted from our device when we adjust 
the temperature controller at 5700 K.
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Fig. 1 – a) Image from our simulator for a blackbody at 5770 K; b) view of Sun as seen from ISS made with Nikon 
D2Xs digital SLR camera

Fig. 2 – a) Picture showing the emission of our hardware at 5700 K and b) overview of the interior of our hardware 
and simulation of an emission at 800 K

3 Conclusion

This simple device allows the user to experience the visual effect and to comprehend the 
shape of a spectrum of a blackbody. The device has simulated successfully the blackbody 
radiation emitted at a given temperature between 0 and 12000K. As a parallel activity we suggest 
to compare the image of the simulator to a star with a superficial temperature on the same range.
We believe that this simulator can be a strong ally for the teaching of modern physics and be an
alternative to fulfill the lack of sensitive experiences on this subject.

References

[1] Draper, J. W., 1847. On the Production of Light by Heat. The London, Edinburgh, and Dublin Philosophical 
Magazine and Journal of Science, Londres, v. 30, p. 345 – 360.

[2] Planck, M. 1914. The Theory of Heat Radiation, Blakiston’s Son & CO, Philadelphia p., 1012 Walnut Street. 
199. Available on: https://goo.gl/doVtYT. [Accessed 27th January 2019]

[3] Epic Games. 2014. Unreal Engine 4 Documentation. Available on: https://goo.gl/sX2v8w. [Accessed 27th

January 2019]
[4] Hooi, Lee B. 2013. Understand RGB LED Mixing Ratios to Realize Optimal Color in Signs and Displays. 

LED’s Magazine. Available on: https://bit.ly/2PJE3Ug. [Accessed 27th January 2019]
[5] NASA 2011, View of Sun from LEO (Low Earth Orbit). Available on: https://goo.gl/JDwjfz. [Accessed 27th

January 2019]

a) b) 

a) b) 



511

  

A Compact Disc under Skimming Light Rays
Roberto DE LUCA

Dipartimento di Fisica “E.R. Caianiello”, University of Salerno, Fisciano (SA), 84084, Italy

Marco DI MAURO

Dipartimento di Fisica “E.R. Caianiello”, University of Salerno, Fisciano (SA), 84084, Italy

Istituto Nazionale di Fisica Nucleare, Sezione di Napoli, Napoli, 80126, Italy 

Oriana FIORE
Istituto di Istruzione Superiore « P.E. Imbriani », Avellino, 83100, Italy

Adele NADDEO
Istituto Nazionale di Fisica Nucleare, Sezione di Napoli, Napoli, 80126, Italy 

Abstract. The optical properties of a compact disc (CD) under skimming light rays are studied. 
The appearance of a green line in this situation is observed. A simple physical interpretation of 
this phenomenon, employing only elementary wave optics concepts, is provided. These concepts 
are then extended to digital versatile discs (DVDs). The pedagogic implications of this work for 
advanced high school teaching are discussed.

1 Introduction 

Compact discs, having a distance (pitch) between adjacent tracks of the order of one 
micrometer, i.e. of the same order of magnitude as the wavelength of visible light, are ideal for 
use as cheap alternatives to diffraction gratings in laboratories. For example, by pointing a 
monochromatic light source through a peeled CD, one can obtain a sharp diffraction pattern on a 
distant wall [1-4]. We propose a new possible use of a CD to show wave optical phenomena: the 
observation of a colored line under the skimming light of a table lamp, as illustrated in Fig. 1.

2 A plausible explanation

Suppose that the observer’s eyes, the light source and the CD are placed on the same 
horizontal plane. The light source sends light rays to the CD, which are incident on each track 
and are reflected back. The light rays which are observed are those on the bisecting line of the 
angle of the vertex opposite to the observer-source line. This explains why only one line is 
visible. The color of the line arises as an interference effect due to the path difference between all 
the light rays reflected by different tracks and reaching the eye. This can be proved by a simple 
calculation, employing elementary mathematical tools, which if necessary can be briefly
introduced to the students, such as Euler formulae for complex exponentials and the partial sum 
of a geometric series. This calculation shows that the intensity of the radiation arriving to the 
observer for each wavelength 𝜆𝜆 is given by 

𝐼𝐼 = 𝐼𝐼0
sin2[(𝑁𝑁+1)𝜋𝜋𝜋𝜋

 cos 𝛼𝛼 ]
sin2( 𝜋𝜋𝜋𝜋

 cos 𝛼𝛼)
, (1)

E05-2
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3 Conclusion

This simple device allows the user to experience the visual effect and to comprehend the 
shape of a spectrum of a blackbody. The device has simulated successfully the blackbody 
radiation emitted at a given temperature between 0 and 12000K. As a parallel activity we suggest 
to compare the image of the simulator to a star with a superficial temperature on the same range.
We believe that this simulator can be a strong ally for the teaching of modern physics and be an
alternative to fulfill the lack of sensitive experiences on this subject.
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where 𝑎𝑎 ≈ 1.6𝜇𝜇𝜇𝜇 is the CD pitch width, 𝑁𝑁 is the total number of tracks and 𝛼𝛼 is half the angle 
under which the line connecting observer and source is seen from the CD (this angle can be 
considered small, so  𝑎𝑎/ cos 𝛼𝛼 ≈ 1.6𝜇𝜇𝜇𝜇). This function, for large  𝑁𝑁, presents sharp peaks for 

𝜆𝜆𝑀𝑀 = 𝑎𝑎
𝑀𝑀 cos 𝛼𝛼 , (2)

where  𝑀𝑀 = 1,2,3, … . These are the wavelengths for which constructive interference occurs. Of 
these, only those in the range 400𝑛𝑛𝜇𝜇 < 𝜆𝜆𝑀𝑀 < 700𝑛𝑛𝜇𝜇 are visible. Since we have

𝜆𝜆1 ≈ 1600𝑛𝑛𝜇𝜇,   𝜆𝜆2 ≈ 800𝑛𝑛𝜇𝜇,   𝜆𝜆3 ≈ 533𝑛𝑛𝜇𝜇,    𝜆𝜆4 ≈ 400𝑛𝑛𝜇𝜇 , (3)

we see that only the third one is in the visible range, and it corresponds to a green color (the 
fourth is in a region to which the human eye is much less sensitive, so it does not give an 
appreciable contribution). 

3 Extensions

The analysis of the previous section can be extended to the case of a tilted CD and of a DVD, in 
each case giving full agreement with the observations.

4 Pedagogy and conclusions

The experiment we described has been proposed during the Summer Schools of Physics that our 
department organizes for advanced high school students. The impact that we obtained on
students support our view that the experiment we proposed and the corresponding analysis 
provides quite a simple way of introducing the students to the effects of interference and 
diffraction in optical systems.

References

[1] C. Nöldeke, Compact disc diffraction, Phys. Teach. 28 (1990), 484-485. 
[2] J.E. Kettler, The compact disc as a diffraction grating, Am. J. Phys, 59 (1991), 367-368. 
[3] H. Kruglak, The compact disc as a diffraction grating, Phys. Educ. 26 (1991), 255-256. 
[4] H. Kruglak, Diffraction demonstration with a compact disc, Phys. Teach. 31 (1993), 104. 

Fig.1 The green line visible on a CD held horizontally under skimming 
light



513

  

Digital Tools in Support of Physics and Math Integration
Weber H. M. FEU, Fabrício A. CASTRO, João B. Q. ZULIANI

Departamento de Formação Geral, CEFET-MG, 35180-008, Timóteo, MG, Brazil

In this work, we propose a multidisciplinary software supported approach for high school first-
year physics and math classes. The aim is to integrate the two subjects, fostering students 
understanding of the abstract and interconnected concepts worked in this level of education.

1 Introduction 

A great challenge when teaching kinematics to first year students in public high schools in 
Brazil is to integrate the new concepts seen in physics, like mean velocity, acceleration, etc., with 
those linear and quadratic equations students see in math classes. All these concepts prove to be 
distant from students’ reality, as pointed out by some authors (1). The technological advances, 
however, together with multidisciplinary instruction, come to offer substantial help in this 
matter:

“It is through engineering design that students are able to see the applicability of abstract 
and somewhat intangible concepts. In addition, students are able to make connections 
across disciplines and provide improved solutions to specific problems” (2)

2 The Project (Procedure)

This project is result of a collaboration between math and physics teachers of first year high 
school classes in our institution. Its key idea was to study the movement of a horizontally
launched projectile with Tracker, and invite students to discuss about the main aspects when 
considering the properties of the movement when regarding x and y.

Teachers had students introduced to the new concepts in physics, i.e. mean velocity, 
displacement, acceleration, and then to the two main softwares they were to use. The first step 
was to teach the students on how to operate Tracker (3) and GeoGebra (4). Tracker is a free open 
source software for video analysis, while GeoGebra is a free dynamic mathematics software. The
students also recorded a video, showing a small ball escaping a horizontal surface and falling to 
the ground.

2.1 Video Analysis with Tracker 

Once the students recorded the motion of the falling ball, they had to track the ball’s position 
in each frame to find it as a function of time. Then, with the correct adjustment of some 
parameters, i.e. initial position and frame of reference, the software was able to provide graphs of 
position x or y, as well as velocity in x or y and direction, all of them as function of time.

The software Tracker is effective enough to perform analysis such as linear or polynomial 
curve fit, thus providing linear or quadratic generic equations. These equations are of the type 
Y = AX + B and Y = AX2 + BX + C. Comparing these with the equations of motion, students
were able to get the velocity in the x direction and the gravitational acceleration. When asked to 
plot and interpret the graph of vx as a function of time, students were surprised to notice that the 
inclination showed a small acceleration due to air resistance.
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Fig. 1 Screen from Tracker shows the tracking of the moving ball (red empty diamonds in the center) and two 
graphs on the right, with the horizontal position, x, as a function of time t (above) and the vertical positon, y, as a 

function of time (below).

2.2 Simulations using GeoGebra

The students used the results obtained with Tracker in GeoGebra, to create animations and 
correlations with linear and quadratic functions they had seen in math classes. The interpretation 
of the function parameters were used to extrapolate students previous knowledge, with 
simulations of ordinary cases, such as presented in Fig. 2, which shows the parabolic motion of 
water running from an open faucet.

Fig. 2 Simulation performed in GeoGebra showing the water flow from a faucet in parabolic motion

3 Conclusion

This work shows that integrated activities between math and physics take the students to a
better understanding of the concepts seen in kinematics. Since math and physics are separated 
subjects, it gives the students a false idea of non-integration, which leads to some obstacles for 
students to interpret and understand the concepts. Our preliminary results suggest a good 
efficiency of using multimedia resources like Tracker and GeoGebra in math and physics 
integrated classes. Further research is needed to measure our qualitative results.
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Abstract. Collaborative ICT systems and technological advances foster promising opportunities 
to involve public in science, as demonstrated by citizen science and mobile crowd sensing 
paradigms. In this paper, we propose a microservice cloud-based platform enabling scientists and 
people to take part into citizen science projects thanks to mobile sensors. The educational context 
where the platform has been validated comprises students (as citizen scientists) and teachers (as 
educative enablers). The technical and socio-pedagogical validation has shown positive outcomes 
in terms of didactic and learning effectiveness.  

1 Introduction  

Nowadays, professional scientists and researchers are more and more evaluating the role that 
non-professionals can play in traditional research. Recent technological advances and a changed 
mindset in scientists make possible for the public to address scientific investigations on their own 
or in the framework of projects, thus becoming part of the “Citizen Science” realm [1]. Although 
several challenges has yet to be coped with (e.g., data provenance qualification, data validation, 
volunteer engagement and motivation strategies, data and volunteers privacy preservation and 
anonymization, etc.), the number of citizen science projects is increasing rapidly. The benefits 
are manifold [2]: science can become more inclusive, citizens can introduce new perspectives in 
the scientific process and research projects can be scaled beyond traditional resource capacities. 
Educational benefits can be achieved [3] as students volunteering in civic activities pave 
themselves the way to professional careers in science. We believe that the engagement in citizen 
science can be fostered by following an educational-oriented perspective that, on its turn, can 
increase scientific awareness and science literacy. Therefore, we propose a cloud-based platform 
offering and supporting collaborative, large-scale services to be used as parts of citizen science 
projects for environmental (e.g., noise and air pollution) monitoring, as well as paving the way 
for Massive Online Open Laboratories (MOOLs) experiences. The full paper will discuss recent 
trends in citizen science and mobile crowd sensing, as well as their educational effectiveness. 
Then, the proposed cloud-based technological approach will be presented, followed by the 
analysis of the adopted validation strategies and their outcomes.  

2 Citizen Science and Mobile Crowd Sensing  

Citizen science has moved from the initial stage of mere contributions to data collection tasks  
to co-creation, where citizen scientists actively participate to the different phases of a scientific 
study. The number of citizen science initiatives and application areas is considerable and 
variegated (e.g., health-oriented self-monitoring, crowdsourced galaxy classification, 
collaborative map-creation, etc.), also enabled by the growing interest citizens now have in their 
local environment and in the ways their quality of life can be improved, even by direct 
involvement. Scientists acknowledge to citizen science several advantages (e.g., cost saving) but 
concerns on data accuracy and scientific relevance still exist [4]. Therefore, participants should 
be provided with specific guidelines (also addressing educational aspects). The Mobile Crowd 
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students to interpret and understand the concepts. Our preliminary results suggest a good 
efficiency of using multimedia resources like Tracker and GeoGebra in math and physics 
integrated classes. Further research is needed to measure our qualitative results.

References

[1] P. V. S. Souza and R. Donangelo, Velocidades média e instantânea no Ensino Médio: uma possível 
abordagem, Rev. Bras. Ensino Fís. 34 (2012) 3503.

[2] S. Huang, J. A. Mejia, K. Becker and D. Neilson, High School Physics: An Interactive Instructional 
Approach that Meets the Next Generation Science Standards, J. STEM Educ. 16 (2015) 31.

[3] Tracker can be downloaded at https://physlets.org/tracker/. [Accessed 27th January 2019]
[4] GeoGebra can be downloaded at https://www.geogebra.org/. [Accessed 27th January 2019]



516

Sensing (MCS) paradigm [5] fits perfectly to this scenario, as it eases the way volunteer citizens 
can participate in scientific research by collecting data, monitoring events and being part of 
specific inquiry processes thanks to the sensors within their smartphone. From an educational 
perspective, citizen science is an effective teaching asset boosting Inquiry-Based Learning (IBL) 
[6] to a new level, where participants are involved in authentic research experiences. A broader 
impact on educational effectiveness could be achieved by revolving to the MOOL (Massive 
Online Open Laboratories) paradigm [7], that enables students from every corner of the world in 
participating to online experimentations involving virtual and remote laboratories. For these 
reasons, we have adopted a MOOL-oriented perspective by defining a citizen science project 
tasked to noise and air monitoring in urban scenarios and by validating such activity with the 
involvement of students from several high schools. 

3 The Proposed Experience  

We have designed and developed our platform according to MSA specifications in order to 
offer collaborative cloud-based services for smart-city monitoring tasks, suitable for any kind of 
citizen science project, by integrating streams coming from mobiles (via a dedicated mobile app) 
with structured data coming from fixed/mobile monitoring stations and heterogeneous sources 
and referring to acoustic and air pollutants. Once the solution prototype has been tested, a socio-
pedagogical validation has been performed by involving students from schools to assess the 
platform suitability to: 1) scale; 2) be effective for students (i.e., achieved learning outcomes and 
reached involvement degree); 3) be effective for teachers (i.e., suitability and easiness of the 
platform to be integrated within curricular activities); 4) be capable of creating awareness in the 
citizenship about environmental pollution; 5) foster citizen science initiatives.  

4 Conclusion 

A cloud-based platform supporting collaborative activities in the framework of citizen science 
has been presented in this extended abstract. The platform has been designed as a solution for 
performing multi-parameter analyses of several pollutants in urban contexts. Initial feedback 
from the involved actors are very encouraging and a detailed report of the didactic experience 
will be available in the full version of the paper. 
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Warming oceans, melting icebergs
Klára Baranyai PhD 

Berzsenyi Dániel Gimnázium, 1133 Budapest, Kárpát utca 49-53

Abstract. Two simple experiments are presented, which are connected to the behaviour of seas 
(or oceans). One of these experiments demonstrates the formation of thermocline in oceans, the 
other explains the surprisingly slow melting of icebergs. In both cases, there is a 
methodologically important element, namely stratification. In the experiments we used coloured 
water to indicate the different temperatures and/or salt concentrations. In this way the 
observations of heat convection or the opposite, the evolution of stable stratification became very 
impressive.  

1 Introduction 

Two very simple experiments are presented which are capable of demonstrating two 
environmental phenomena in the classroom. Both are surprising, but explainable on the level 
of the pupils. 

2 Thermocline in a cucumber jar

The term thermocline (or metalimnion in lakes) is not part of the Hungarian secondary 
school science education, but it describes an important element of the temperature distribution 
of oceans. This is a thin, boundary layer at the depth of 50–200 metres, which separates the 
upper (lighter) water layer, close to the surface, with lower salt content and higher temperatures, 
and the cold deep water with thickness of 3–4 km, and higher salt concentration. Actually, the 
demonstration bellow shows the formation of the thermocline on the size of a cucumber jar [1]. 

In a large cucumber jar, the water is warming from the top with the help of an immersion 
heater, and some food dye is dropped on the surface of the water. The food dye spreads in the 
upper warmed water layer by heat convection, but surprisingly, the coloured layer expands only 
to the upper part of the jar even after hours, and a sharp boundary separates the coloured and 
non-coloured regions. With the help of this arrangement it can be shown that sufficiently deep 
liquids, warmed from the top, cannot have homogeneous temperature distributions: above the
boundary the temperature of the liquid is much higher than below it, and the depth of the 
warmed layer depends on the heating power. In this way an important environmental 
phenomenon can be demonstrated, namely, in our natural fluids, the air and the water cannot 
reach thermodynamic equilibrium, they are always in some non-equilibrium states.  

In normal classes my aims were to demonstrate the formation of the thermocline with visual 
experiences, and to show the surprisingly large temperature difference above and under the 

Fig.1  The experimental layout (left) and the stationary state (right) 
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boundary layer by touching the jar directly with naked hand, and to understand the phenomenon 
qualitatively. During a course of a study group for talented pupils, we have done measurements, 
too. The time dependence of the thickness of the warmed layer has been determined, and from 
this we have found that this thickness approaches exponentially to a stationary value depending 
on the heating power [2]. 

3 Melting icebergs in freshwater and salty water

I have created a simple demonstration for the observation and explanation of the surprisingly 
long melting of icebergs in brine. With my students I have observed melting of ice cubes in tap 
water and in salted water with identical temperatures. The melting lasts much longer in the 
salted water, because the density of the melted fresh water of ice cubes is smaller than that of 
the salted water, so there is no heat convection, the ice cubes are floating in their cold, melted 
freshwater puddle. In tap water, the denser cold melted water sinks, warmer water layers are 
rising to its place, and the convection speeds up the melting process. The phenomenon can be 
observed easily if ice cubes painted with food dye are used.  

It’s worth mentioning that melting of ice lowers the salinity of brine which accelerates the 
melting process as we can see in this experiment.  

4 Conclusion

The heat transfer is a very important topic in environmental physics. Usually we cannot see 
the different temperatures so sometimes it is hard to imagine the processes going on around us. 
As my classroom experiences show, these visualization experiments are not only surprising, 
but widely help the understanding.
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Teaching experimental physics with smartphones, an 

experience in Reunion Island 

Alessio GUARINO 
Icare Laboratory, University of Reunion Island, France 

  

Abstract. We discuss a pedagogical experience which has been conducted at the University of 
La Réunion (France). We asked graduate students qualifying as science teachers and high 
school students, to use their smartphones, instead of the usual laboratory equipment, to run a 
set of physics experiments. The experiments cover a wide range of physics fields. Feedback 
from student and teachers are discussed.  

1    Introduction 
Among other things, smartphone are great portables physics laboratory. Just a few years ago, in 
order to have a tri-axial accelerometer, a compass, a microphone, a barometer, a video-camera, 
a lux meter etc. one would have needed much more money to buy them, much more space to 
stock them, and a computer to interface with them. The fact that almost every student (and 
teacher) have a smartphone in his pocket, is a great opportunity to make physics experiments 
easily accessible, in the classroom and at home. This permits to physics experiments to be put at 
the heart of physics didactics, which is the place they belong to. 
Smartphones are already used to do physics experiments in various schools and universities [1-
5]. We present a set of physics experiments realized with smartphones, that have been designed 
and performed at the University of La Réunion (France). This pedagogical experience, is a part 
of the FoCoSTEP program [6]. The experiments have been used to train graduate students 
qualifying as primary and high school teachers and also run in local high school classrooms. All 
the experiments have been designed using free apps [7] and cheap everyday’s materials. This 
give the opportunity to teachers to perform this kind of experiments in schools without any 
financial constraints and encourage students to conduct similar activities at home. 

Reunion Island is a « département d'outre-mer », a french territory which is located in the south
hemisphere, east of Madagascar, about 250 Km south of Mauritius island.  

2    Conclusions 

The evaluation of the impact of this pedagogical approach shows that students consider this 
pedagogical method very positively. Doing the experiments with a smartphone, a familiar object, it 
demystifies the physics laboratory, a place full of “unknown, scary and complicated machineries”, 
that they are scared to use. They feel much more comfortable using they smartphones, an object that 

E06-2 

boundary layer by touching the jar directly with naked hand, and to understand the phenomenon 
qualitatively. During a course of a study group for talented pupils, we have done measurements, 
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they master, to perform physics experiments. They also  appreciate the fact that they can easily 
perform the experiments at home.  The scores at the exams are higher for the students that used the 
smartphone that the control group. 
The feedback from the teachers involved in the program, shows that consider smartphones a very 
good pedagogical tool for conducting physics experiments. They all claim that they’re going to use 
smartphone in their physics laboratory on a regular basis. These also think that these kind of 
experiments sensitize students about the role and accuracy of the sensors used. 
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 [7]     Some used apps 
a)     –  AKLite (iOS) : https://itunes.apple.com/us/app/aklite/id423519680?mt=8 
b)     –  Luxmeter (Android) : 

https://play.google.com/store/apps/details?id=de.waldau_webdesign.app.luxmeter&hl=en 
c)     –  Luxmeter Galactica (iOS) : https://itunes.apple.com/us/app/galactica-

luxmeter/id666846635?mt=8 
d)     –  PhyPhox (Android et iOS) : 

https://play.google.com/store/apps/details?id=de.rwth_aachen.phyphox&hl=en 
https://itunes.apple.com/us/app/phyphox/id1127319693?mt=8 

e)     –  Physics Toolbox suite (Android et iOS) : 
https://play.google.com/store/apps/details?id=com.chrystianvieyra.physicstoolboxsuite&hl=en 
https://itunes.apple.com/us/app/physics-toolbox-sensor-suite/id1128914250?mt=8 

f)      –  Sensor Tools (iOS) : http://sensor-tools.appstor.io/ 
g)     –  Spectroid (Android) : https://play.google.com/store/apps/details?id=org.intoorbit.spectrum 
h)     –  Sound Analyzer (Android) : 

https://play.google.com/store/apps/details?id=jp.nokubi.nobapp.soundanalyzer 
i)      –  Sound Generator (Android) : 

https://play.google.com/store/apps/details?id=com.finestandroid.soundgenerator&hl=en 
j)      –  VidAnalysis (Android) : 

https://play.google.com/store/apps/details?id=com.vidanalysis.free&hl=en 
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Abstract. In the contribution we present laboratory module on percolation for Introductory 
Physics Laboratories (IPhL). Module was prepared according to five goals of IPhL listed by the 
American Association of Physics Teachers, and validated on first years students studying physics 
at Jagiellonian University. As a evaluation we assessed students knowledge gain about 
percolation as well as how they perceived prepared exercise.  

1 Introduction

Introductory Physics Laboratories (IPhL) is a common name for laboratories introduced 
predominantly in the first year of science courses at universities. They encompass the 
methodology of measurements and calculations of measurement uncertainties alongside the 
empirical verification of basic laws of physics. One of the most significant works on IPhL is 
the article published in 1998 by the American Association of Physics Teachers [1], which lists 
the goals of IPhL. The article mentions the following five goals required in designing and 
evaluating IPhL: The Art of Experimentation, Experimental and Analytical Skills, Conceptual 
Learning, Understanding the Basis of Knowledge in Physics, Developing Collaborative 
Learning Skills. The authors point out that many of these goals are not explicit in IPhL
programs and in most of the examples of experiments for IPhL the goals introduced by AAPT 
(1998) are covered in a limited way. In our research we prepared a laboratory module which 
faced up most aspects of all five goals listed by AAPT. It was tested on a group of first year 
physics students and evaluated by them afterwards.

2 Activity on percolation

In designed activity students were familiarized with the percolation phenomena [2].
They measured a water network percolation in a sample of moisturized sand during its 
dehydratation, by utilizing simplified measurement method, in which a decade resistance box 
and oscilloscope was used instead of professional impedance analyzer. The experimental
setup based on a voltage divider, composed of an adjustable decade resistor box and the other 
one is a capacitor filled with the examined sand sample, is presented on a Fig 1. Detailed 
experimental and mathematical description will be presented during the presentation.
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FIG. 1: Experimental setup. Left - schema; right - real one.  

3 Module implementation

The module was tested in 2018 on a group of six students in their first year at 
university. All of them studied physics at the Jagiellonian University, Faculty of Physics, 
Astronomy and Applied Computer Sciences. They were divided into three groups, each 
participating in three main parts of module implementation: (1) students preparation, based on 
delivered material (script) and a priori posed questions, (2) the laboratory activity done in 
pairs with some assistance of a tutor and (3) student individual work on analysis of data 
gathered in experiment leading to determination of the percolation parameters [3] and 
preparation of a lab report.

Students’ knowledge gain on percolation was verified by assessing students’ individual 
lab reports and with use of a survey, administered twice, before and after the laboratories.
Additionally we examined students’ perception of this new exercise with questionnaire taken 
by students after the implementation. Results show that students’ opinions about the 
implemented module were positive and they acquired basic knowledge on percolation 
phenomenon.

In the contribution we will present details about the method, research instruments and 
module implementation. We will also present in details students’ results and opinions about 
prepared experiment on a percolation. 
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Abstract. A flipped classroom approach was introduced in two grade 4 and grade 5 science 
classes taught by the same teacher. The learning of the 39 students was assessed through different 
tests. Over a period of one and a half year, the teaching approach alternated, so that for the first 
half of the study period, one of the classes (the experimental group) was taught through a 
modified flipped classroom format and the second class (the control group) was taught through a 
traditional teaching method, and during the second half of the study period, the roles were 
interchanged. The flipped classroom was found to have a positive effect on the students learning. 
Moreover, the students' interest and engagement in learning physics, biologi and chemistry has 
also increased during the study and the teacher decided to continue applying the flipped 
classroom approach. 

 

A longitudinal flipped classroom study in two grade 4 and grade 5 science classes in Sweden, has 
shown positive results, in terms of improved student performances in assessment tests as well as 
increased study satisfaction and study motivation among the students. One of the classes (Class B) 
was primarily identified as a weak class and the other class (Class A) as a class with strong pre-
knowledge. Of all performed pre- and post-tests during the period when the test group (Class B) 
was taught through flipped classroom, that class performed better than the control group (Class A) 
in relation to each groups’ pre-knowledge level. After half of the study period, the roles of the 
classes were interchanged, so that the experimental group (Class B) became a control group and 
the former control group (Class A) was now taught through flipped classroom for the remaining 
time of the study period. Our results show that the originally weak group (Class B), which was the 
first experimental group when the study was started, remained at a high performance level even 
after the teacher went back to a regular traditional teaching in that class. Class B can actually no 
more be considered as a weak group, since those students after being taught through flipped 
classroom, reached the level of the originally strong class (Class A). A possible explanation is that 
the new teaching method with our flipped classroom format together with the use of the 
assessment tool kahoot in the teaching, triggered the students' desire to learn, their study discipline 
[1], their attitude to science, and their study motivation [1], [2], [3]. The fact that weak students 
perform better, obtain higher study motivation and take more responsibility for their studies due to 
flipped classroom has also previously been reported by, for example, Bhagat et al [3], Segolsson 
et al. [2] and Talgert [1].  

Our study also showed that even class A, when exposed to flipped classroom in the second part of 
the study also performed better on the knowledge tests compared to their original level. However, 
the knowledge gain of class A, the originally strong class was not as good as class B as a 
consequence of flipping the classes.  
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It turns out through our work that flipped classroom created the opportunity for the students to use 
more of the lesson time to process the lesson content and have a deeper understanding of the 
subject since they had more time to ask questions and that the teacher had more time to answer 
the students' questions and focused more on the students. Except that the students were better 
prepared for the lessons, they became more receptive and the teacher was able to capture the 
needs of individual students and helped them. We believe that contributed to the positive results 
obtained from our study.. 
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high school students 
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Abstract. This study investigated Taiwanese students’ conceptual reasoning of magnetism in the 

context of a “jumping coil” demonstration. The Conceptual Change Model and Vygotky’s sociocultural 

theory serves as the rationale of this study. A total of 303 students from three high schools filled in a 

two-tier test consisting of 12 questions. The results revealed prevalent difficulties when the students 

were selecting representations to reason the conceptions of magnetism: (1) inappropriately equating the 

representations of magnetic field or magnetic field line to magnetic force, (2) confusion between 

magnetic induction and electromagnetic induction, and (3) confusion between electric conductivity and 

the magnetic permeability of materials.

Key Words
conceptual reasoning, Magnetism, Conceptual Change Model, Vygotsky’s sociocultural theory

Introduction
Concepts of magnetism are difficult to grasp due to their abstract and complex nature.
Many concepts and representations such as magnetic field, magnetic flux, and even 
magnetic pole are invisible and confusing [1]. They are initiated by the scientific 
community rather than existing in the natural world, and can be gradually 
comprehended by multiple representations. These socially constructed representations 
usually play a crucial role in the conceptual reasoning phenomena of magnetism [2].
This study investigated Taiwanese students’ conceptual reasoning of magnetism in the 
context of a “jumping coil” demonstration. The Conceptual Change Model (CCM) 
rooted in Personal Constructivism [3] and the notion of instructional scaffolding 
proposed by Vygotky’s sociocultural theory [4] serves as the key rationale of this
study. The CCM notes that learners need to encounter cognitive conflict and reason 
individually, in order to trigger a shift from daily life naïve ideas to legitimate 
scientific conceptions. However, Vygotsky treated students’ preconceptions as a 
useful starting point, which can be mediated by instructional discourse to gradually 
shift back and forth from spontaneous everyday concepts and nonspontaneous 
scientific concepts. Vygotsky assigned a central and essential role to the teacher rather 
than leave their students to think alone. In sum, learning science is viewed as a
process comprising learners’ individual construction and enculturation.
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It turns out through our work that flipped classroom created the opportunity for the students to use 
more of the lesson time to process the lesson content and have a deeper understanding of the 
subject since they had more time to ask questions and that the teacher had more time to answer 
the students' questions and focused more on the students. Except that the students were better 
prepared for the lessons, they became more receptive and the teacher was able to capture the 
needs of individual students and helped them. We believe that contributed to the positive results 
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Methodology
A total of 303 students from three high schools filled in a two-tier test consisting of 12 
questions relating to the “jumping ring” demonstration. When responding to the 
two-tier test, the participants not only selected the answers but also explained the 
underlying reasons. The pencil-and-paper test was devised based on a pilot study in
which 56 students and 12 teachers participated, and was followed by a diagnostic 
interview.

Results
The results revealed several prevalent difficulties when the students were selecting 
representations or models to reason the conceptions of magnetism: (1) inappropriately 
equating the representations of magnetic field or magnetic field line to magnetic force, 
(2) misunderstanding the causality of magnetic force, magnetic field, and electric 
current regarding the “right hand rule,” (3) confusion between the principles of 
magnetic induction and electromagnetic induction, and the confusion may be 
attributed to similar contexts, and (4) confusion between electric conductivity and the
magnetic permeability of materials. In addition, the students were also found to 
commit to “popular principles” and “popular representations,” which may prevent 
them from adopting alternative principles or representations. 

Conclusion and Discussion
The findings suggest that the students’ difficulties in reasoning conceptions of 
magnetism were not only due to understanding each physical terminology or 
individual principle, but also to distinguishing the difference between similar
terminologies and principles. In accordance with the notions of the Conceptual 
Change Model, questions involving anomaly can be asked to help students become
aware of their conceptual pitfalls and amend their conceptual understanding
accordingly. Meanwhile, echoing the notion of Vygotsky’s sociocultural theory, 
providing multiple and similar contexts for students to conceptually reason the why 
and how of the phenomena is suggested, in order to enhance students’ acquaintance 
with the representations and conceptual comprehension of magnetism.
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Abstract. There is a large under-representation of women in physics careers and workforce. This 
study analyzes the interest of elementary school girls and boys (n = 733) in physics and biology 
science content using K-Mean clustering technique to understand career pathway development 
from early age. The results indicate that interest in scientific disciplines is shaped from early 
stages of elementary education and that gender differences in interest towards physics and 
biology can be detected even in third graders. These results underline the need for gender-
inclusive approaches in science education from elementary levels.

1 Introduction 

Although many proposals and educational reforms have been advanced to reduce gender 
segregation in science fields, there is still a generalized pattern in several countries where 
female students are a minority in physics subjects [1-2]. In Spain, only 2.5% of all graduates 
in physics are women [3]. Existing literature suggest that professional aspirations are mostly 
shaped during the initial phase of the secondary education, especially in girls [4].
Nonetheless, this is an issue that requires further research due to the lack of studies including 
sample from early ages of the elementary education level. Therefore, this study seeks to 
discover whether differences in the interests of boys and girls in different scientific disciplines 
can be identified from an early age by examining whether elementary school boys and girls from 
report differing interests in physics and biology science content. The specific research question 
guiding this study is: Are there differences in student interest for learning physics or biology 
science content based on school year and gender variables?

Research on students' attitudes and interest in science education has always lacked a
consensus on the conceptualization of the construct of study [5]. In this study we adopted the 
conceptualization from the Theory of Planned Behavior [6] as theoretical underpinnings, which 
distinguishes between attitudes towards an object (i.e. science) and attitudes towards the action to 
be taken with respect to that object (i.e. studying science), which refers to “(…) the degree to 
which a person has a favorable or unfavorable evaluation or appraisal of the behavior in 
question” (p. 188).

2 Method

A total of 733 students (46.9% girls) enrolled in the 3rd (n = 65), 4th (n = 149), 5th (n = 232) 
and 6th (n = 287) grades of elementary school constituted the sample for this study. Students 
were drawn from 29 school from the province of Burgos (Spain), and the average age of the 
participants was 10.11 (SD = 1.18).

Data was collected using the Spanish version of the single-item School Science Attitudes 
Survey (S-SSAS [7]). Interest in biology and physics content was examined using two single-
item measures: (1) I want to learn about the plants in my area (biology) and (2) I want to learn 
about electricity and how it is used in a house (physics). Consistent with the theoretical 
framework adopted, these items are written to reflect attitude towards behaviours instead of 
an object.

Data was analyzed through a non-hierarchical cluster method called K-Mean. Schwarz’s 
Bayesian Criterion [8] with log-likelihood distance measure was used to determine the ideal 
number of clusters to extract. 
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Methodology
A total of 303 students from three high schools filled in a two-tier test consisting of 12 
questions relating to the “jumping ring” demonstration. When responding to the 
two-tier test, the participants not only selected the answers but also explained the 
underlying reasons. The pencil-and-paper test was devised based on a pilot study in
which 56 students and 12 teachers participated, and was followed by a diagnostic 
interview.

Results
The results revealed several prevalent difficulties when the students were selecting 
representations or models to reason the conceptions of magnetism: (1) inappropriately 
equating the representations of magnetic field or magnetic field line to magnetic force, 
(2) misunderstanding the causality of magnetic force, magnetic field, and electric 
current regarding the “right hand rule,” (3) confusion between the principles of 
magnetic induction and electromagnetic induction, and the confusion may be 
attributed to similar contexts, and (4) confusion between electric conductivity and the
magnetic permeability of materials. In addition, the students were also found to 
commit to “popular principles” and “popular representations,” which may prevent 
them from adopting alternative principles or representations. 

Conclusion and Discussion
The findings suggest that the students’ difficulties in reasoning conceptions of 
magnetism were not only due to understanding each physical terminology or 
individual principle, but also to distinguishing the difference between similar
terminologies and principles. In accordance with the notions of the Conceptual 
Change Model, questions involving anomaly can be asked to help students become
aware of their conceptual pitfalls and amend their conceptual understanding
accordingly. Meanwhile, echoing the notion of Vygotsky’s sociocultural theory, 
providing multiple and similar contexts for students to conceptually reason the why 
and how of the phenomena is suggested, in order to enhance students’ acquaintance 
with the representations and conceptual comprehension of magnetism.
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3 Results 

The K-Mean clustering technique revealed the existence of four different interest profiles or 
clusters that were significantly different in terms of interest in physics and biology contents, 
Wilks Lambda = .100, F (6, 1456) = 525.362, p < .001, 2 = .684 (Table 1).

Table 1. Cluster derived reporting four different interest profiles 

Items* 
Clusters 

Physics biased 
(n = 72) 

Biology biased  
(n = 221) 

Disinterested 
(n = 85) 

Interested 
(n = 355) 

Item 1  1.56 (SD = .50) 3.53 (SD = .74) 1.56 (SD = .50) 3.92 (SD = .79) 

Item 2  4.4. (SD = .51) 2.45 (SD = .76) 1.96 (SD = .81) 3.54 (SD = .50) 

*Item 1 measures interest in biology content and item 2 measures interest in physics content. 

The Chi-Square independence test revealed that students were uniformly represented in all 
profiles according to age variable, 2 (9, n = 733) = 5.125, p = .823, phi = .82. However, 
students were significantly unequally distributed in the four profiles according to the gender 
variable 2 (3, n = 733) = 20.843, p < .001, phi = .17. The biology biased profile was over-
represented by girls (57%) in comparison to boys (43%), and the physics biased profile was 
under-represented by girls (38.9%) in comparison to boys (61.1). In addition, there were 
significantly more girls (56.5%) than boys (43.5%) grouped in the disinterested profile, and 
significantly fewer girls (40%) than boys (60%) in the interested profile.

4 Discussion 

This study has identified the existence of two gender biased interest profiles characterized by 
high interest in biology content and a low interest in physics content for girls and opposite 
results for boys. In addition, girls have been mainly grouped in profiles characterized by low 
general interest in learning either physics or biology, and boys have been grouped in clusters 
characterized by a high interest in both disciplines. These results suggest that gender differences 
in science education starts from elementary school and that interest in scientific disciplines of 
physics or biology begins to be formed from early stages of the educational system, which 
could lead to subsequent gender segregation in scientific disciplines. Therefore, there is a need 
to advance gender-inclusive educational intervention before the secondary stage (i.e. 12 y/o)
that has been advocated as a critical moment [4].  
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Abstract. Motivations and impact of a two-hour activity on kinematics to 9 to 11-year old pupils 
are described. By experimenting, exercising and classifying various kinds of motions, 
acknowledging their similarities and differences, pupils take a first step into kinematics and the 
overall description of change of position in time. Particular attention has been given to the 
reproduction of astronomical movements, giving thus a first hint toward the idea of modeling a 
physical system.  
 

1 A forgotten physical item: movement  

In high schools and universities, kinematics represents the traditional starting point for the 
study of physics. It offers the opportunity to get acquainted with a mathematical approach to 
nature in a smooth and coherent way, and to introduce very general concepts such as 
displacement, trajectory, velocity, etc. But there is also a deeper reason: an overall characteristic 
of science is that of starting from the simplest and most general situations, and what is more 
simple and ubiquitous in nature than the change of position over time? 

That said, it may appear quite strange that kinematics comes rather late in the educational 
path: A survey on the various national guidelines for science in primary education and on the 
specialized literature shows that reflections on this argument are very rarely made and even 
more rarely offered by teachers. Of course, a mathematical treatment of kinematics goes much 
beyond the aims of primary education; still, motion does represent a very general physical 
subject even if deprived by its most congenial language: it introduces the learners to a first 
exploration of basic quantities such as space and time and to the expression of the various 
possible relationships between them. Moreover, movements can be recognized in objects that 
differ sensibly in nature and size, thus representing an adequate situation for an early, intuitive 
search for similarities and for the formulation of a simple scheme of overarching classification, 
spanning from the Sun and the Moon to cars, people and aunts. Thus, the study of motion fulfils 
some basic goals of primary science education, namely associating science with what can be 
observed and finding relationships between things. 

 

2 Move and think: Translations, rotations, spins 

In this article I show how to arrange and perform a lecture on kinematics for children, 
focusing in particular on astronomical movements.  

Since the lack of visualizability and touchability could be the reason why kinematics is not 
proposed to children, if compared for example with other activities concerning water, fire, paper 
etc.,  I opted for a kinaesthetic approach: indeed, kinaesthetic learning [1] engages the pupils 
and is the first and simplest way to pursue a knowledge which is “internally constructed” [2].  

The activity can be conducted in the classroom, but also in the gym or outdoor. 1) Ask the 
children to list examples of movements (they will surprise you with unexpected items), then 
show images of translating and rotating objects projected on a large screen or printed on A4 
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3 Results 

The K-Mean clustering technique revealed the existence of four different interest profiles or 
clusters that were significantly different in terms of interest in physics and biology contents, 
Wilks Lambda = .100, F (6, 1456) = 525.362, p < .001, 2 = .684 (Table 1).

Table 1. Cluster derived reporting four different interest profiles 

Items* 
Clusters 

Physics biased 
(n = 72) 

Biology biased  
(n = 221) 

Disinterested 
(n = 85) 

Interested 
(n = 355) 

Item 1  1.56 (SD = .50) 3.53 (SD = .74) 1.56 (SD = .50) 3.92 (SD = .79) 

Item 2  4.4. (SD = .51) 2.45 (SD = .76) 1.96 (SD = .81) 3.54 (SD = .50) 

*Item 1 measures interest in biology content and item 2 measures interest in physics content. 

The Chi-Square independence test revealed that students were uniformly represented in all 
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students were significantly unequally distributed in the four profiles according to the gender 
variable 2 (3, n = 733) = 20.843, p < .001, phi = .17. The biology biased profile was over-
represented by girls (57%) in comparison to boys (43%), and the physics biased profile was 
under-represented by girls (38.9%) in comparison to boys (61.1). In addition, there were 
significantly more girls (56.5%) than boys (43.5%) grouped in the disinterested profile, and 
significantly fewer girls (40%) than boys (60%) in the interested profile.

4 Discussion 

This study has identified the existence of two gender biased interest profiles characterized by 
high interest in biology content and a low interest in physics content for girls and opposite 
results for boys. In addition, girls have been mainly grouped in profiles characterized by low 
general interest in learning either physics or biology, and boys have been grouped in clusters 
characterized by a high interest in both disciplines. These results suggest that gender differences 
in science education starts from elementary school and that interest in scientific disciplines of 
physics or biology begins to be formed from early stages of the educational system, which 
could lead to subsequent gender segregation in scientific disciplines. Therefore, there is a need 
to advance gender-inclusive educational intervention before the secondary stage (i.e. 12 y/o)
that has been advocated as a critical moment [4].  
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cardboards and check whether they missed something:  people, cars, airplanes, animals… They 
realize how many things move and how different or similar these movements could be; 2) Let 
the children reproduce or mimic some of the movements they have been thinking to or they 
have just seen; 3) smoothly guide them in finding out a definition for speed, for example 
comparing the amount of time needed by two different objects to cover the same distance (a 
child walking and a child mimicking a duck). A pupil counting out loud would work well as a 
timer; there is no need of performing the division: “how much space in how much time” would 
suffice; 4) let the children try to move with different speeds, observing how the distance 
travelled in a certain time interval changes (place references like chairs or backpacks on the 
ground); 5) while the children rest a little bit, engage them with the observation of the motion 
of a wheel (I suggest to remove a wheel from a bike and hold it in front of the class); in 
particular, how can speed be defined in this case? Do two points along the same radius move 
with the same speed or two different speeds? Again, while a child counts aloud the seconds, let 
the rest of the class count the number of rotations; 6) carefully, let them notice that for rotations 
speed may be defined in two different ways (angular and linear); 7) let the children move in 
circles around a chosen point (a chair, a classmate, the teacher); 8) propose now a slightly 
different class of rotations: rotations with respect to an inner axis (spin); 9) ask the children to 
rotate and to spin at the same time; 10) discuss with the children the movements of the Sun, the 
Earth and the other planets, the Moon; 11) guide them into mimicking these movements (a child 
for every celestial body), tacking roughly into account also the right proportionalities between 
the frequencies of the various rotations involved; 12) finally, have the children form a large 
circle by holding hands and challenge them to perform each a rotation on his/her own vertical 
axis but without taking the hands off. The outcome will be a confused intertwinement of arms, 
legs and heads (and a lot of laughs) but not the one and only solution, which is, very simply, a 
plain ring-around-the-rosie rotation: indeed, while performing a full rotation around the centre 
of the circle, each component of the ring also completes a full spin on his or her own vertical 
axis! Let notice that by doing so children are modelling the spinning of the Moon around its 
axis while rotating around the Earth. In particular, stress the fact that while they ring around 
they keep facing different parts of the room, while at the same time they face the centre of the 
circle, just like the Moon, which shows always the same face to the Earth. 

In my experience, pupils have eagerly engaged in all the above steps and have 
enthusiastically expressed a desire to repeat the activity.  
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cardboards and check whether they missed something:  people, cars, airplanes, animals… They 
realize how many things move and how different or similar these movements could be; 2) Let 
the children reproduce or mimic some of the movements they have been thinking to or they 
have just seen; 3) smoothly guide them in finding out a definition for speed, for example 
comparing the amount of time needed by two different objects to cover the same distance (a 
child walking and a child mimicking a duck). A pupil counting out loud would work well as a 
timer; there is no need of performing the division: “how much space in how much time” would 
suffice; 4) let the children try to move with different speeds, observing how the distance 
travelled in a certain time interval changes (place references like chairs or backpacks on the 
ground); 5) while the children rest a little bit, engage them with the observation of the motion 
of a wheel (I suggest to remove a wheel from a bike and hold it in front of the class); in 
particular, how can speed be defined in this case? Do two points along the same radius move 
with the same speed or two different speeds? Again, while a child counts aloud the seconds, let 
the rest of the class count the number of rotations; 6) carefully, let them notice that for rotations 
speed may be defined in two different ways (angular and linear); 7) let the children move in 
circles around a chosen point (a chair, a classmate, the teacher); 8) propose now a slightly 
different class of rotations: rotations with respect to an inner axis (spin); 9) ask the children to 
rotate and to spin at the same time; 10) discuss with the children the movements of the Sun, the 
Earth and the other planets, the Moon; 11) guide them into mimicking these movements (a child 
for every celestial body), tacking roughly into account also the right proportionalities between 
the frequencies of the various rotations involved; 12) finally, have the children form a large 
circle by holding hands and challenge them to perform each a rotation on his/her own vertical 
axis but without taking the hands off. The outcome will be a confused intertwinement of arms, 
legs and heads (and a lot of laughs) but not the one and only solution, which is, very simply, a 
plain ring-around-the-rosie rotation: indeed, while performing a full rotation around the centre 
of the circle, each component of the ring also completes a full spin on his or her own vertical 
axis! Let notice that by doing so children are modelling the spinning of the Moon around its 
axis while rotating around the Earth. In particular, stress the fact that while they ring around 
they keep facing different parts of the room, while at the same time they face the centre of the 
circle, just like the Moon, which shows always the same face to the Earth. 

In my experience, pupils have eagerly engaged in all the above steps and have 
enthusiastically expressed a desire to repeat the activity.  
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Abstract: Global environmental concerns receive a lot of media attention, but the underlying 
complex phenomena are often described in oversimplified terms for the public. The main cause 
shaping the flows in the atmosphere and the oceans is the rotation of Earth and the resulting 
Coriolis force [1]. The physical background is that of the motion in rotating frames, in particular 
on our Earth. We show that this problem can be easily understood by motivated high school 
students. We believe that science education should provide explanations to show how these 
phenomena follow from physical laws.

1 Introduction 
 

Based on our teaching experience, we have created an online course guiding students through the 
explanation of this topic [2]. Students who only want to gain a general overview can find the 
appropriate level and amount of information, while students who are interested in deeper physical 
explanations can also find more advanced supplementary materials. The structure supports both 
individual and supervised learning. The e-material includes videos making the understanding easier, 
and one can also find interesting extensions and exercises involving estimations or elementary 
calculations (whose solutions become visible upon request). A novel feature of the e-material is that 
it does not end with analyzing everyday phenomena in which the Coriolis effect [3] always plays a 
minor role, but also treats large scale processes (on the size of 100-1000 km), including the elements 
of weather, in which the Coriolis force always dominates.    
 
2 The structure of the e-material

- introductory exploration (in the opening video we show an ‘experiment’ taking place on the two 
sides of the Equator – it is also important for calling attention to pseudoscience) 
- experiments with paper sheets (simple demonstrations that can be carried out at home, to help
understand the key problem) 
 
- estimating the order of magnitude of the Coriolis effect on a rotating plane

- extension to phenomena on the rotating Earth by decomposing the Earth’s angular velocity into 
local vertical and horizontal components. An animation illustrates the decomposition.  
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- discussing the sense of rotation of water flowing down a plughole (in the bathroom the direction is 
not determined by the Coriolis force)

- overview of historic experiments (Foucault pendulum, Eötvös balance)

- the Equator, a special case: the Foucault pendulum does not rotate, but the Eötvös balance works 

- condition for the Coriolis effect to be strong

- discovering that a cyclone is an inverted plug hole vortex in which the Coriolis effect dominates 
(Fig.1)
- meteorological phenomena: wind blows perpendicular to the pressure difference

- oceanic currents and eddies 

                                          
 
Fig.1 A cyclone approaching England. The dynamics of midlatitude cyclones is dominated by the Coriolis force with 
which only the force arising from pressure differences can compete. Their rotational direction is therefore always the 

one  what one naively expects in plugholes of our houses (counterclockwise on the Northern hemisphere).  
 
3 Conclusion  
 

The developed e-material is continuously improved. The material is made interactive via short 
tests integrated between the main units, thus enhancing the self-monitoring of interested students. 
This way they may gain motivation to turn to the next unit. Testing the e-material is also an 
important part of the developmental project. Therefore, we have tested the material in smaller study 
groups of students in different classes by means of pre-tests and post-tests, as well as student 
interviews. It turned out that we managed to free students from several misconceptions while going 
through the e-material (e.g. the fact that no Coriolis effect can be present at the Equator helps them 
to realize that the opening video must be based on cheating). In addition, they get a deeper 
understanding of the fundamental effects influencing the environmental flows on Earth. 
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Abstract. This study introduces a software called RePLaT-Chaos by means of which students 
can investigate the characteristics of the atmospheric dispersion of volcanic ash clouds and other 
pollutants in an interactive way. The simulations utilize meteorological data and follow the time 
evolution of pollutant clouds consisting of a large number of individual particles. RePLaT-Chaos
is also a suitable tool for studying the so-called chaotic features of the advection. The software
was tested at the Berzsenyi Dániel Grammar School (Budapest, Hungary) by 7th and 12th grade 
students.

1 Introduction  

One of the authors (TH) is in the lucky situation that her research topic is the investigation of 
atmospheric pollutant spreading, a phenomenon which may also arise the students’ interest. In 
this project, creating a software as an educational reconstruction of this topic [1], we studied
what kind of simplifications should be applied to bring these phenomena closer to the students
and tried to apply eye-catching animations. The user-friendly interface of the software is 
designed by a high school student (MK) who took into account also the opinions and suggestions 
of other students and of her teacher (ÉI).

2 Scientific background  

In everyday life we often read about hazards due to volcanic ash clouds and other atmospheric 
pollutants. Nevertheless, through a questionnaire among students we concluded that it is not well 
known that pollutant clouds do not disperse in the atmosphere like dye blobs on clothes, rather 
an initially compact pollutant cloud becomes soon strongly stretched, while becoming 
filamentary and folded. This is the result of the fact that in three-dimensional flows, such as the 
atmosphere, the advection of pollutants is chaotic, i.e., the advection dynamics of pollutants 
shows the typical characteristics of chaos, such as sensitivity to the initial conditions, irregular 
motion, and complex but regular (fractal) structures [2].  

The RePLaT-Chaos software was created specifically for educational purposes, so that 
these features could be studied in an easy and interactive way through simulations designed 
by the users. RePLaT-Chaos can also determine two quantities that describe the chaoticity of 
the advection processes: the stretching rate that quantifies the strength of the exponential 
stretching of pollutant clouds; and the lifetime that characterizes the rapidity by which the 
settling particles of the pollutant clouds leave the atmosphere. 

RePLaT-Chaos is based on the previously developed RePLaT (Real Particle Lagrangian 
Trajectory) model [3]. This version draws the students' attention by eye-catching animations 
of pollutant clouds emanated from different volcanic eruptions and includes easy to 
understand explanations. The software is available at [4]. 
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3 RePLaT-Chaos for students 

The first pages of the software display the simulation of the advection of the volcanic ash 
cloud emanated from the eruption of the Eyjafjallajökull volcano in 2010 and some other, 
hypothetical, eruption. The main aim of these animations is to show the users the nature of 
atmospheric advection. Thereafter one can design his/her own pollutant spreading events (Fig. 
1 left) and measure the chaos quantities (Fig. 1 right). A brief explanation about the calculated 
quantities with colored illustrations can also be found on the Chaos quantities page, while the 
Conclusions page summarizes the main observations regarding atmospheric advection.  
 

  

Fig. 1 The “Design eruption” (left) and the “Measuring chaos” (right) page for measuring the stretching rate.  

4 Conclusions – What can the students learn? 

The software was tested by 7th and 12th grade students of the Berzsenyi Dániel Grammar 
School (Budapest, Hungary). They could discover on their own that even initially small pollutant 
clouds are advected in complex, filamentary shapes and small particles remain in the atmosphere 
for weeks or for months covering a hemisphere within some weeks, then settle on the ground in 
filamentary structures far away from the eruption. The software also gives an opportunity for the 
students to expand their geographical and meteorological knowledge. 
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or 
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Abstract. This presentation shows the results of my study which is connected to an 
assessment made 8 years ago. The results of my research prompted me to prepare a
compilation for high school students in which I could acquaint them from one side with 
energetics in general and from the other side with the areas of use of the different energy 
sources.  My aim is that my students can get a professionally authentic and understandable 
information in these topics. According to this, I hope, they can realize the importance of the 
energy supply in their future. 

1  Introduction 

During my teaching work I often realized the fact that my high school students know very 
little about energetics in general. This was confirmed by my examination based on a survey in 
2011 [1] in which 70 students of 11th grade of a high school in Budapest participated. Most of 
them will finish learning physics at the end of this school year. 

2  Research 

    The questions in the test of my research were related to general problems of energetics and 
the answers did not require more complex calculations. The justification of my examination is 
supported by the fact that nowadays there are many articles in media about the extension of 
the Hungarian Nuclear Power Station in Paks (Fig.1) and this topic may be interesting for 
high school age group too. 

Fig.1 Nuclear Power Station in Paks 

    According to the conversations with my students it is clear that they had inaccurate and 
incomplete information about the topic. One reason for this may be that they do not know 
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enough from physics to understand the necessary knowledge and the other may be that they 
are significantly influenced by media.  

The results of my examination proved my assumptions so I find important that at the end 
of 11th grade I will give summary about some aspects of energetics for students. First they 
will get a general description in which I will present the current data of energy consumption 
of the world overall and per capita too. I will show also the trend of it which reflects the 
growing demand of energy and I will mention the proportion of the fossil, the renewable and 
nuclear energy sources to the whole energy production. In the next part I will give those basic 
knowledges from physics which will be necessary to understand the energy production from 
renewables. I will draw attention to its necessity but in addition to the difficulties which may 
arise from low energy densitiy for all of them.   

I will continue with showing the energy supply and the current status of energetics in 
Hungary. I will specifically highlight the natural endowments of the country and those 
theoretical and practical possibilities which may implement energy production from 
renewable sources. Among them I will mention the disadvantage of the wind energy 
production caused by the continental location of the country, the initial state of geothermal 
energy production and I will emphasize - though Hungary has made great efforts to produce 
energy with fotovoltaic devices - but overall these solutions cannot provide the amount of 
energy that the country will need. 

At the end of my work I will present the Nuclear Power Station in Paks with analyzing its 
current status. I will try to make clear with the physics of fission why the extension of the 
Nuclear Power Station will be reliable, economically profitable and because of the stability of 
energy production inevitable. I will make a comparative analysis of costs of energy 
production from different energy sources. So I would like to make clear that what will be the 
long-term and short-term benefits of the extension. Naturally I will draw attention to the 
potential problems which may occur in environmental questions or personal condition as well. 

3  Conclusion 

    For the safe energy supply of Hungary high school students should know that the extension 
of the Nuclear Power Station is necessity. This also requires that they can understand the 
current problems of energetics, can know the physics of energy production and they may 
realize the importance of it in their future. 
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Abstract. Through the participation of university level students, in the development of studies of 
personal exposure to Radio Frequency Electromagnetic Fields (RF-EMF), in the measurement,
analysis and interpretation of results, will contribute in facilitating teaching, understanding and 
application of concepts electromagnetic waves. In this work, we present the results of 
measurement of personal exposure to RF-EMF from WIFI, registered in a university area and 
school area, in a Spanish city.

In 1864, Maxwell showed that both electricity and magnetism were expressions of the same 
physical concept: electromagnetism. He related electricity to magnetism through his famous 
equations, which allowed the first partial unification of the four physical forces (gravitational, 
electromagnetic, weak and strong). The change of the charge position with an accelerated 
movement causes that, both the electric and the magnetic field, vary in time, producing the 
propagation of their properties through space, forming an electromagnetic wave. Radiofrequency 
waves can penetrate the organic tissues and communicate energy to them due to the oscillations 
of the atoms that compose them. This total of energy absorbed per unit mass and time is what is 
called SAR. In an experiment with personal exposimeters close to the human body, it was 
calculated that the intensity of a reflected radiofrequency wave is 88%, transmitted 12%, 
absorbed 7% and measured by the exposimeter 5% [1].

The electromagnetic wave is formed by an electric field and a magnetic field, both 
perpendicular to each other, and oscillating. The two fields are related to each other by the 
speed of light (E= c·B), in the area of space called the far field. One of the fields is measured 
in V/m and the other in T, in the International System. The intensity of the wave, which has to 
do with the product of both fields, is measured in W/m2, and this magnitude is the one that 
must be measured when you want to know the exposure of a person to an electromagnetic 
wave, of any frequency .

High-frequency electromagnetic waves range from 100 kHz to 300 GHz, have numerous 
applications due to their great versatility and the ability they have to penetrate the walls and 
the human body: in the field of telecommunications, security devices, medicine (RM) and to 
heat food using microwave. The electromagnetic spectrum include all electromagnetic 
radiation and classifies it according to its energy, and therefore its frequency, from the 
radiation of the shortest wavelength (highest frequency), to the electromagnetic waves of the 
longest wavelength (lowest frequency) , and are divided into two groups: ionizing and non-
ionizing radiation.

During the twenty-four hours of the day we are submerged in a sea of electromagnetic 
waves [2], many of them are already old known to us: radio waves (AM/FM), microwaves, 
infrared radiation, visible waves, ultraviolet radiation, X-rays, gamma rays or cosmic rays. 
For two decades we must add the electromagnetic waves that allow the WIFI network to 
work. The increasing use of technology has generate to the development of studies to 
investigate the exposure to RF-EMF, using personal exposimeters that measure the levels of 
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exposure to which the population is subjected [3–6]. This type of studies provide data that 
interest society, giving some answers about the possible effects that these RF-EMF have on 
health, as well as knowing their perception [7]. They can also be a reference that allow 
university level students to understand what electromagnetic waves are and how they can be
measured. The objective of this work is to present the results of measurement of personal 
exposure to RF-EMF from WIFI, registered in university area and school area, in a Spanish 
city (figure 1 and figure 2). The measurements were taken with a Satimo EME Spy 140 
personal exposimeter and the statistical analyzes were performed with the EME Spy Analysis 
v3.20 software, Microsoft Excel, IBM SPSS Statistics v22 and ArcGIS v10.4.v22 y ArcGIS
v10.4.

We believe that through the participation of university level students, in the development 
of personal exposure studies to RF-EMF, in the measurement, analysis and interpretation of 
the results, will contribute in facilitating the teaching, understanding and application of 
concepts on electromagnetic waves.
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Conclusion
The participation of university level students, in the development of studies of personal 
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Abstract.  When injecting dye into a vortex, one  finds that  certain amount of dye remains
captured around the vortex core over minutes, despite the fact that the vortex (and the dyed
region) is strongly time-dependent. According to a recent theory of G. Haller and coworkers
[1],  the  rather  heuristic  traditional  definitions  of  a  vortex  can  be  replaced  by  a
mathematically-physically  rigorous formulation as a rotating, material-holding region of the
fluid.  Vortices  generated  by  commercial  magnetic  stirrers  appear  to  demonstrate  this
material-holding property. These experiments can be carried out with tap water and food dye in
any school  and  help  to  make  students  familiar  with  a  recently  formulated,  rather  robust,
property of vortices, their water (or dye) holding character. 

Introduction 

In  our  von  Kármán  Laboratory  for  Environmental  Flows  at  Eötvös  University,
demonstrational  experiments  are  often  performed  for  different  audiences  ranging  from
kindergarten  kids,  via  high school  and university students,  to  parents.  One of  the  hits  is
always  a  "tornado"  experiment,  a  vertical  vortex  generated  by  a  magnetic  stirrer  in  a
cylindrical tank of water. We demonstrate that there is a strong downwelling in the middle,
that particles lighter then the ambient fluid are attracted towards the vortex center, but the
most surprising effect appears when one injects dye into the middle of the vortex: it remains
captured in a cylindrical shape over minutes. Up until the last year, we had to conclude these
shows by saying that we were not aware of any clear explanation of the latter phenomenon.
The appearance of [1] was from this point of view a kind of  revelation. This new theory
claims that time-dependent vortices (like ours) possess a basic property, perhaps even more
relevant than just the rotation of the fluid, namely that they keep the material in their center.
The authors of [1] suggest that there is an outermost smooth surface with this property, and
they call this cylindrical structure the vortex.  Our traditional  experiments, augmented by a
research paper published recently [2], provide thus evidence supporting this new theory in a
very elementary set-up. In this contribution we provide further details of what one needs to a
classroom demonstration of this phenomenon. We are in a lucky situation in which a recent
scientifc achievement can be converted into  high school teaching, as a kind of  educational
reconstruction [3].

2. The basic phenomenon

   Commercial magnetic stirrers are commonly used to mix different materials dissolved in
fluids.  The rotation  of  the  magnet  brings  a  magnetic  stirrer  bar, whose  rotational  axis  is
however not fixed, into rotation at the bottom of a container placed on the horizontal surface.
If the container is filled with a liquid, the bar generates fluid motion, which is believed to

G01-5

exposure to which the population is subjected [3–6]. This type of studies provide data that 
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exposure to RF-EMF from WIFI, registered in university area and school area, in a Spanish 
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concepts on electromagnetic waves.
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cause efficient stirring and mixing. A striking pattern of such flows is a big vortex above the
stirrer bar accompanied by a depression of the free surface, the funnel.
    A dyed cylinder evolves after injecting dye into the fluid already due to the rotation of the
bar, driven by the magnetic  stirrer, which rotates about the center  of the container  at  the
bottom. If a certain amount of dye happens to enter a region outside a critical radius measured
from the center, after some time it becomes fully diluted, and hardly visible. However, dye
entering the central region does sink and remains compactly arranged, forming a tube of high
dye concentration lasting over minutes (Fig.1). The central region is easy to find thanks to the
funnel at the surface, which can be targeted precisely when injecting.

                             

Fig.1 When injecting dye off the vortex center (left), it becomes rapidly mixed, but dye entering a central region
(right)  remains there over  minutes. The white rod on the bottom is the stirrer bar. 

   By repeated  injection one can  determine the critical  radius  within  which dye remains
captured. We show that this size is related to the size of the funnel appearing on the free
surface.  The  water/dye  holding  property  is  rather  robust;  we  provide  suggestions  for
experiments  to  demonstrate  this.  We also  show  that  the  phenomenon  can  be  found  in
containers of practically any size available at a school.

3 Conclusion and outlook

    As vortices are building blocks of fluid flows, understanding their properties is relevant
both  for  our  everyday life  and  for  our  global  environment.  It  is  surprising  that  a  basic,
intuitively plausible property was scientifically established only a few years ago,  and  it is
fortunate that this water/dye holding property is eye catching, and is easy to demonstrate in
classrooms.  Once this feature is understood,  a number of natural phenomena become well
interpretable, like water sprouts, dust devils, tornadoes, or even fire tornadoes.
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Abstract. The aim of this study was to examine pre-service physics teachers’ problem scoping in Roller Coaster 
STEM activity. For this purpose, STEM approach was conducted with a total of 16 pre-service physics teachers 
in a state university during one semester. Multiple case study design was carried out for this research. Activity 
papers and project presentation video records of pre-service physics teachers  were analyzed. Findings showed 
that they highly focused on the materials to be used in the activity. Most of the pre-service physics teachers did 
not focus on energy conservation equations on problem scoping and they jumped to the solution of the problem 
or prototyping. 

1 Introduction  
Engineering is a challenging situation for integration for many science teachers. A lack of 
knowledge about engineering confines teachers’ and pre-service teachers’ efforts to integrate 
engineering in to their science teaching. [1]. [2], suggest that more research is required to 
identify effective examples of integrating engineering design process. According to [3],
STEM competencies are key elements in the engineering design process. These competencies 
are; problem scoping, evidence-based decision making, idea fluency, engineering ethics, 
process awareness, technical communication and teamwork. The current study presents 
findings from pre-service physics teachers’ problem scoping in engineering design process. 
The research question guiding this study was as follows: How do pre-service physics teachers 
refine the problem as a problem scoping competency in engineering design process? Problem 
scoping means developing a problem statement from the perspectives of stakeholders and 
refining the problem statement as additional information found through the process of design..
Because engineering design problems are complex and problem scoping can be a key factor 
for a better understanding of the engineering design process. In detail, problem scoping 
involves naming the things to attend to a problem and framing the context in which to attend 
to them[4].

2 Methodology 
Multiple case study design was carried out for this research[5]. The participants were 16 pre-
service physics teachers enrolling in a state university and all of them were female. The 
participants experienced engineering design based challenges and design a safe and fast roller 
coaster with at least two loops with using one meter long foam insulation track, two different 
marbles, masking tapes, timer, and metric ruler. In the activity, the problem was to design a 
roller coaster section that would allow a coaster car (marble) to travel at a high speed without 
going off the track. The pre- service physics teachers were expected to investigate the roles of 
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both kinetic and potential energy in determining the speed that the roller coaster cars could 
travel and experiment to determine the effect of the starting hill height and loop diameter on 
the performance of the roller coaster. To examine their problem scoping process, K-W-S
(What I Know- What I Want to Know- What Source I Need) chart was used for each 
participant from their documents. Findings are composed by comparing these K-W-S charts 
in individual or in group. Firstly, the pre-service teachers filled K-W-S charts individually 
after explained the daily life problem situation. They stated what they knew about the 
problem, what they wanted to know and the methods of research for problem solving. They 
repeated the same procedure after discussing with their group friends. They presented their 
processes as a group. Also project presentation video records of the pre-service physics 
teachers were analyzed to examine their problem scoping process. 

3 Results 
By comparing all K-W-S charts, 165 codes were determined and linked to the related frame. 
The results of coding were shown in Table 1 with their frequencies and percentage. Some of 
the inferences obtained from data are as follows;
Inference 1: Although 37.57% of pre-service teachers use physics concepts, most of the 
(%63) pre-service physics teachers did not focus on energy conservation equations.

Inference 2: For the solution of the problem, all of them wanted to do internet research, 
looked for the sample STEM projects, and investigated how materials were used in those 
projects. More than half of the (%57) pre-service teachers wanted to create resources by 
exchanging ideas with each other.

4 Conclusion 
As stated by [1], engineering design process is a challenging situation for integration for many 
science teachers. A lack of knowledge about engineering confines teachers’ and pre-service 
teachers’ efforts to integrate engineering in to their science teaching.  In STEM, we need such 
studies to understand the problem solving in the engineering design process. Thus, teachers 
can effectively integrate STEM into their lessons. Besides, students can use physics concepts 
to encourage different problem solving methods.
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Abstract. The 3DIPhE project brings together partners from four European countries. Our main 
aim is to establish professional learning communities of teachers (PLCTs) and train them to 
inquire their own practice while implementing inquiry based teaching (IBT). The aim of this 
contribution is to present the practitioner inquiry (PI) training of the first cohort of teachers 
participating in the project in Poland. We will show how the course and the professional learning  
group developed and what was the result of  the teachers’ own PIs.

1 The 3DIPhE project 

3DIPhE – Three Dimensions of Inquiry in Physics Education is a project focused on different 
levels of inquiry relevant to physics education. The project has got three aims: (1)
implementation of inquiry based learning (IBL) approach during physics lessons, (2) training 
physics teachers in conducting practitioner inquiry (PI) in their own practice and (3) Educational 
Design Research (EDR) to ascertain the quality of work in 3DIPhE project. Three target groups 
can be indicated:

- students in a context of their attitude and motivation to learn physics through IBL;
- teachers, whom we would like to teach how to evaluate their own practice, how to 

implement IBL and how to collaborate in teams;
- coaches/partners, who learn how to support teachers in PI and IBL, and how to evaluate the 

project through the EDR.   
Project is implemented simultaneously by seven partners from four different EU countries: 

Slovenia, Belgium, Ireland and Poland. The project runs in two iterations. The first iteration runs 
from the beginning of the project until March 2019 and ends with small, national conferences for 
teachers that give our teachers from the first cohort a possibility to present their own practitioner 
inquiries. The second iteration will start in March 2019 and end in a year with the next small, 
national conferences. 

2 3DIPhE in Poland

The group of the first cohort of PLCT in Poland consisted of six female physics teachers. 
Four teachers had been already involved in SAILS EU project, so they had been familiar with 
IBL prior the beginning of 3DIPhE, two others had never heard of IBL. Teachers had been 
totally unfamiliar with PI before they started to participate in the project. We organized six
training sessions. Each session was composed of three elements: (1) development of 
Practitioner Inquiry competencies, (2) building PLCT and (3) enhancement of competences in 
teaching by IBL.

In the first phase of the training, the teachers chose the problem interested to them and 
based on their own teaching practice. They learned how to formulate the research question 
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both kinetic and potential energy in determining the speed that the roller coaster cars could 
travel and experiment to determine the effect of the starting hill height and loop diameter on 
the performance of the roller coaster. To examine their problem scoping process, K-W-S
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problem, what they wanted to know and the methods of research for problem solving. They 
repeated the same procedure after discussing with their group friends. They presented their 
processes as a group. Also project presentation video records of the pre-service physics 
teachers were analyzed to examine their problem scoping process. 

3 Results 
By comparing all K-W-S charts, 165 codes were determined and linked to the related frame. 
The results of coding were shown in Table 1 with their frequencies and percentage. Some of 
the inferences obtained from data are as follows;
Inference 1: Although 37.57% of pre-service teachers use physics concepts, most of the 
(%63) pre-service physics teachers did not focus on energy conservation equations.

Inference 2: For the solution of the problem, all of them wanted to do internet research, 
looked for the sample STEM projects, and investigated how materials were used in those 
projects. More than half of the (%57) pre-service teachers wanted to create resources by 
exchanging ideas with each other.

4 Conclusion 
As stated by [1], engineering design process is a challenging situation for integration for many 
science teachers. A lack of knowledge about engineering confines teachers’ and pre-service 
teachers’ efforts to integrate engineering in to their science teaching.  In STEM, we need such 
studies to understand the problem solving in the engineering design process. Thus, teachers 
can effectively integrate STEM into their lessons. Besides, students can use physics concepts 
to encourage different problem solving methods.
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based on it. Subsequently teachers designed their practitioner inquiry and conducted it in 
classes during the implementation of different IBL units. Results were developed and 
presented during the small, national conference summarizing the first part of the project. 
Teachers have formulated, among others, the following research questions: 

- How do students perceive the IBL method in physics classes? 
- What conditions make the students feel better and work better in a group of 3 or 4 peers 

while implementing IBL? 
- How does the awareness of being assessed by the group affect the student's motivation to 

work? 
 During the presentation an example of PI implementation in one of the Polish high 

schools will be shown in detail. The research was conducted during the lesson on electricity, 
in three groups, jointly involving 100 students. Students responded voluntary to the survey 
with open-ended questions. Their responses enabled to catch the holistic picture of 
preferences and motivation to work in 3- or 4-member groups and learn about cons and pros 
in each case. The collected conclusions will be presented from three perspectives: students, 
teacher and trainers. 

3 Conclusion 

The introduction of PI is a new form of training for physics teachers in Poland. The most 
important, but also most difficult part for teachers during training is a formulation of the research 
question. As the results of the first PLCT1 cycle showed, conducting a small-scale investigation 
during lessons incorporating IBL is doable for both groups: teachers who are already familiar 
with IBL, and IBL novices. In most of cases, the results of the PI were revealing and interesting 
not only for the teacher conducting this particular PI, but also for  the whole PLCT, including 
coaches. All teachers declared their will continue to incorporate PI in their work. 
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Abstract. It is important that physics teachers and students have the appropriate skills for this 
century. In order to educate the STEM makers of the future, there is also a need for lectures on 
the role and importance of physics in technology. For this purpose, the course of the applications
of physics in technology has been opened. In the 2016-2017-2018 fall semesters, the study was 
carried out according to qualitative research techniques in this course. According to semi-
structured interviews, it was determined that pre-service physic teacher’ awareness about physics-
technology and physics education was formed at the end of the semester.

1 Introduction  

In the 21st century, it is necessary for students to have the skills of problem solving, creative 
and critical thinking and knowledge that can be transformed into products (STEM Makers). 
Teachers who will gain these skills to students are expected to have these skills also [2],[3]. To 
be aware of the transformation of the laws of physics, which have an important place in science, 
from theory to practice, that is, to understand the place and importance of physics in technology, 
will constitute a background for STEM Learning-Teaching applications of physics teacher 
candidates in the future [4]. Getting to know the technology reached by the basic laws in physics 
will positively affect the motivation of prospective teachers. In this case, only field courses such 
as mechanical, electrical, solid state physics etc. are not sufficient in the curriculum. In order for 
teacher candidates to see the connection between physics concepts and technology, different 
lessons and practices are needed in the curriculum.

In this research, in order to help physics teacher candidates to establish the relationship 
between physics, technology and physics education more effectively, the Applications of Physics 
in Technology course was opened as an elective course during the fall semester in 2016-2017-
2018. While the first-year course was selected as only 3 physics teacher students, the number of 
students increased in other years. The course attracted the attention of students from different 
departments such as pre-service science teacher, preschool teacher and electronic engineering. 
The students were followed-up by the researcher according to qualitative research methods.

2 Method

Since the course is an elective course, the students have participated in the course with their 
wishes. Therefore, there was no motivation shortage during the period. At the beginning of the 
semester, it was given detailed information about the purpose, importance and content of the 
course. The connection between physics and technology was explained through current 
examples. Later, pre-service teachers were given time to conduct their own research. Where 
necessary, prospective teachers were directed by the researcher. For example, preschool teacher 
candidates were supported in the selection of appropriate subjects. Everyone was free to choose a 
topic according to their interests. The aim was to ensure the continuity of the motivation of the 
working group during the semester. In order to provide a variety of subjects, pre-service teachers
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important, but also most difficult part for teachers during training is a formulation of the research 
question. As the results of the first PLCT1 cycle showed, conducting a small-scale investigation 
during lessons incorporating IBL is doable for both groups: teachers who are already familiar 
with IBL, and IBL novices. In most of cases, the results of the PI were revealing and interesting 
not only for the teacher conducting this particular PI, but also for  the whole PLCT, including 
coaches. All teachers declared their will continue to incorporate PI in their work. 
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explained to each other what they will study. Thus, different subjects were discussed. Then 
everyone made his own time planning. Through the WhatsApp group, which was created with 
teacher candidates, was shared the documents. The students who completed their preparations 
presented the results of the research in the classroom environment at the determined dates. In 
order to provide a standard among the presentations, prospective teachers were asked to follow 
these steps:

1. The concepts and relations related to the physics foundation of the subject chosen from 
the field of technology should be considered. 

2. The topics selected in the field of technology and the physics subjects discussed in the 
previous steps should be related to each other. 

3. Evaluation of how the researched technology can be used in physics teaching. 
4. Reporting the research. 

According to the qualitative research methods, the researcher kept the observation notes during 
each semester and received student views, criticism and suggestions by semi-structured 
interviews at the end of the semester. 

3 Conclusion 

At the end of the semester, the opinions of preservice physics teachers about physics-
technology-physics teaching are positive. During the presentation of the research subjects, the 
students' listening to their friends with interest and curiosity and being active until the end of the 
course by asking questions frequently can be evaluated as an indicator of their positive attitude 
towards the course. Semi-structured interviews support this situation. In the presented 
documents, the videos were used more than photographs and materials.  

The robot, brought to the classroom by an electronic engineering student, attracted the 
attention of other students. They examined the robot until the battery ran out. This student 
emphasized the importance of coding and robotics in physics teaching. This situation can be 
interpreted that a different department student also assimilates the content of the course.

It is a very important result that pre-school education students are interested in a technology 
course. Our children in kindergarten are growing with technology. It is clear that teachers need to 
teach children that technology does not only mean playing games from tablets.

An awareness of the relationship between physics-technology and physics teaching was 
created in the pre-service physics teacher students and it has even been observed that pre-service 
teachers develop positive attitudes towards some physics subjects they find boring. 

The content of the course should be updated and follow-up of new technologies should 
become a behavior for prospective teachers. 
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Abstract. There is a large need for more science and math teachers in California and the United 
States. In this paper we describe university programs designed to give university students 
opportunities to teach; thereby attracting more science and math majors into teaching.  

1 Introduction 

A very recent report released in September 2018 by the Learning Policy Institute shows that 
teacher shortages have been worsening in California since 2015. Many school districts are looking 
for qualified teachers in order to offer classes and programs but are often confronted with an acute 
shortages of teachers, especially in mathematics, science, and special education.[1] There has been 
a drop in the number of preliminary credentials awarded to new, fully prepared teacher (32%) and 
the significant increase in the number underprepared mathematics and science teachers with 
temporary permits (23%) and waivers (51%). 

In the last few years many initiatives, financially supported by different programs, have been 
developed in the United States to overcome this issues. In California alone, $75 million were 
allocated to support teacher residencies, to recruit and train teachers in math, science, special and 
bilingual education.  

 

2 CESAME Programs fostering STEM teachers careers 

The Center for Engineering, Science, and Mathematics Education at the California Polytechnic 
State University in San Luis Obispo addresses the need for more STEM teachers by offering 
experiences that give university students the opportunity to try teaching which will hopefully 
recruit some of them into a teaching career. 

There are three main experiences: Learn-by-Doing Lab (LBDL) – undergraduates teach short 
science and engineering lessons to visiting 3rd through 8th graders; Mentors Out of School Time 
(MOST) – undergraduates teach science, math, and engineering in an after-school program; and 
Teaching Assistants in Math and Science (TEAMS) -undergraduates tutor middle and high school 
students in math and science. Each program highlights different aspects of the teaching profession 
and they all work together in a progressive manner (although undergraduates don’t need to do all 
three to get the benefits).  

The LBDL is an opportunity for undergraduates to see if they like working with children. Each 
week they teach and interact with a different set of visiting students, and that experience gives 
them feedback on whether the highly energetic and chaotic world of children is for them  

The MOST program picks up where the LBDL leaves off. In the LBDL undergraduates teach 
45-minute lessons to different sets of students each week. This gives undergraduates a chance to 
plan and deliver lessons, but it doesn’t expose them lessons that link together to develop student 

H01-4

explained to each other what they will study. Thus, different subjects were discussed. Then 
everyone made his own time planning. Through the WhatsApp group, which was created with 
teacher candidates, was shared the documents. The students who completed their preparations 
presented the results of the research in the classroom environment at the determined dates. In 
order to provide a standard among the presentations, prospective teachers were asked to follow 
these steps:

1. The concepts and relations related to the physics foundation of the subject chosen from 
the field of technology should be considered. 

2. The topics selected in the field of technology and the physics subjects discussed in the 
previous steps should be related to each other. 

3. Evaluation of how the researched technology can be used in physics teaching. 
4. Reporting the research. 

According to the qualitative research methods, the researcher kept the observation notes during 
each semester and received student views, criticism and suggestions by semi-structured 
interviews at the end of the semester. 

3 Conclusion 

At the end of the semester, the opinions of preservice physics teachers about physics-
technology-physics teaching are positive. During the presentation of the research subjects, the 
students' listening to their friends with interest and curiosity and being active until the end of the 
course by asking questions frequently can be evaluated as an indicator of their positive attitude 
towards the course. Semi-structured interviews support this situation. In the presented 
documents, the videos were used more than photographs and materials.  

The robot, brought to the classroom by an electronic engineering student, attracted the 
attention of other students. They examined the robot until the battery ran out. This student 
emphasized the importance of coding and robotics in physics teaching. This situation can be 
interpreted that a different department student also assimilates the content of the course.

It is a very important result that pre-school education students are interested in a technology 
course. Our children in kindergarten are growing with technology. It is clear that teachers need to 
teach children that technology does not only mean playing games from tablets.

An awareness of the relationship between physics-technology and physics teaching was 
created in the pre-service physics teacher students and it has even been observed that pre-service 
teachers develop positive attitudes towards some physics subjects they find boring. 

The content of the course should be updated and follow-up of new technologies should 
become a behavior for prospective teachers. 

References  

[1] M. Bialik and C. Fadel Skills for the 21st Century: What Should Students Learn? Center for Curriculum 
Redesign Boston, Massachusetts, 2015. www.curriculumredesign.org

[2] H. Jan, Teacher of 21st Century: Characteristics and Development. Research on Humanities and Social 
Sciences.7 (2017)ISSN (Paper)2224-5766 ISSN (Online)2225-0484 (Online) 

[3] H.B. Boholano, Smart Social Networking: 21st Century Teaching and Learning Skills. Research in 
Pedagogy, Vol. 7, Issue 1 (2017), pp. 21‐29.

[4] M.M. Cooper, M.D. Caballero, D.Ebert-May et.al.(2015). Challenge Faculty to Transform STEM Learning. 
Science,Vol. 350, Issue 6258, pp. 281-282, DOI: 10.1126/science.aab0933  



556

understanding over time – the real work of teachers. MOST fills in this gap by having 
undergraduates teach a multiple-lesson unit to after-school children to small groups (4 or 5) 
students. In this situation, undergraduates get practice implementing lessons over multiple weeks 
and building relationships with their learners. There is less focus on planning and more on 
evaluating whether or not students have learned from the activities. The small groups in an after-
school program are a great way to be introduced to the real work of teachers, but they don’t give 
undergraduates a feel for actual schools.  

The TEAMS program has undergraduates tutor and assist in real middle and high school 
classrooms. Undergraduates tutor one-on-one and get the opportunity to understand the struggles 
of a particular learner and in the process see how different learner’s needs vary. They also get to 
see a real classroom in action over multiple weeks to get a sense of the teacher’s role in a regular 
academic setting.  

In addition to experiences, the Robert Noyce Scholars Program in Science provides 
scholarships to students who are committed to teaching mathematics and science in high need 
school districts upon the completion of the credential program at Cal Poly. The program is 
financially supported by is a National Science Foundation, and the main goal of the program is to 
increase the number of teachers with strong STEM content knowledge in high need school 
districts. The Cal Poly Noyce Scholars Program offers two scholarship options--a $10,000 
scholarship for science teachers and a $12,000 scholarship for mathematics teachers. Noyce 
Scholars commit to teach for two years at any school in a high need district for each year of 
scholarship funding received and participate in monthly Noyce seminars focused on critical topics 
relevant to teaching and learning of STEM. 

3 Conclusion 

The CESAME programs are one way to give undergraduates the opportunity to interact with 
elementary, middle and high school teaching and try teaching, which can increase their motivation 
to choose a career in STEM teaching. Expanding best practices like these to more universities and 
supporting undergraduates financially and academically help with the STEM teacher shortage in 
California.  
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Abstract. In this study, pre-service teachers’ knowledge elements to explain free fall were 
examined with diSessa’s phenomenological primitives (p-prims) framework. 274 pre-service 
primary teachers participated in the study. The participants answered six questions in the test, 
which belong to three different contexts of two cases about free fall. The analyses revealed that 
pre-service primary teachers used six different p-prims such as force as a mover, closer means 
stronger, bigger is greater, overcoming, dynamic balance, and dying away.

1 Introduction 

Individuals may have disconnected knowledge structures. diSessa’s “phenomenological 
primitives (p-prims)” theory is one of the theories drawing attention to individuals’ fragmented 
knowledge structures [1-3]. P-prims can be defined basically abstract, general and oversimplified
knowledge elements [4] and they operate at preconscious level [5]. P-prims may be either correct 
or wrong, however their appropriate use in a specific context should be taken into consideration. 
For this reason, diSessa [3] suggests to instructors to help students refine their p-prims when 
learning physics rather than remove them. As a global change of knowledge, a shift from 
fragmented to more structured and coherent knowledge may be observed by organizing p-prims, 
facets, and resources [6-8].

2 Methodology

Pre-service primary teachers’ explanations of the free fall concept in three different contexts 
of two cases were examined.

2.1 Participants 

274 pre-service primary teachers (188 females, 86 males) already completed a compulsory 
basic physics course participated into the study.

2.2 Cases & Contexts 

In this study, two cases were considered for free fall. The first case was the free falling ball 
releasing from rest, which is in one dimension (vertical). The other case was the kicked ball with 
a projectile motion. The second case requires the analysis of the motion in two dimensions
(vertical and horizontal) to explain free fall. These cases for free fall were examined in three 
different contexts, which are familiar-experienced context (the Earth), a familiar-inexperienced 
context (the moon), and an unfamiliar-inexperienced (Mars).
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3 Results & Conclusion

The results indicated that teacher candidates used six different p-prims such as (1) force as a 
mover, (2) closer means stronger, (3) bigger is greater, (4) overcoming, (5) dynamic balance, and 
(6) dying away in the explanation of free fall. In addition, it was identified that the teacher 
candidates had unscientific explanations with the use of inappropriate p-prims over the contexts 
of two cases and their conceptions were similar with the findings in literature. Familiarity and 
experience of the contexts and complexity of the cases had a role in both given explanations and 
selection of p-prims appropriately.
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Abstract. We present a teacher training programme named “COLLABORA - A Community Of 

Learners on LABORAtory work”. The features of the programme were established according to 

PER literature, adopting a learning community approach. During the programme, teachers also 

carry on their own action research projects. Preliminary results support the effectiveness of the 

identified features for developing teachers’ competence in the use of the laboratory at school. 

1 Introduction 

The laboratory plays a central role in physics education [1] and can be the perfect setting for 

the development of both physics knowlegde and scientific abilities [2]. Using practical work 

effectively in the classroom requires deep awareness of science content and process and a 

specific form of pedagogical content knowledge, but few teacher training programmes address 

the problem specifically and provide teachers with research-based experiences [3, 4]. This work 

addresses the following question: what features of a teacher training programme are most 

effective in enhancing the use of the laboratory in the school context? 

2 Theoretical framework and programme design 

Starting from a review of the literature, DeSimone [5] identified five core features to be 

considered in the design of teachers’ professional development: content focus, active learning, 

coherence between teacher learning and their knowledge and beliefs, sufficient duration and 

collective participation. Recent research has also valued the role of learning communities [6, 7], 

as well as the importance of engaging teachers in action research [3, 8]. Based on these findings, 

we outlined a framework for designing our programme featuring the following characteristics: 

1. Linking content, practice, and research. We contextualised the reflection on practical 

work into the physics core idea “Waves and their applications” [9]. During the 

programme sessions, teachers engage with research-based activities and materials. 

2. Action research. Participants are encouraged to write their own action-research plan 

connected to the theme of the programme. 

3. Focus on teachers’ beliefs. We decided to value the development of positive beliefs 

about the use of practical work as a measure of programme efficacy. 

4. Sufficient duration. The programme has a duration of one year. After 4 introductory 

sessions in May and in September 2018, it features one session per month until April 

2019 and a final workshop in May 2019. 

5. Learning community. One explicit goal was to set up and maintain a learning 

community composed by the teachers and the researchers involved in the programme. 

3 Research style and methodologies 

The study involves 16 teachers; it has the features of an ethnographic research. Teachers’ 

beliefs about practical work are assessed using an in-service version of the Teaching Science as 

Inquiry (TSI) instrument [10]. In addition to the TSI, we administered an 8-questions survey 

aimed at assessing participants’ views on the effectiveness of the programme and changes in 
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3 Results & Conclusion

The results indicated that teacher candidates used six different p-prims such as (1) force as a 
mover, (2) closer means stronger, (3) bigger is greater, (4) overcoming, (5) dynamic balance, and 
(6) dying away in the explanation of free fall. In addition, it was identified that the teacher 
candidates had unscientific explanations with the use of inappropriate p-prims over the contexts 
of two cases and their conceptions were similar with the findings in literature. Familiarity and 
experience of the contexts and complexity of the cases had a role in both given explanations and 
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their use of practical work at school. For the final evaluation of the programme, these measures 

will be complemented by interviews, analysis of lab worksheets and classroom observations. 

4 Results 

65% of participants stated that their use of practical work has changed since they have started 

the programme. Reported changes mostly concern the use of different kinds of lab activities and 

a more student-centred approach. The aspects in which participants feel they have improved 

most is ‘Understanding of the role of practical work in physics education’, ‘Ability to design a 

scientific lab’ and ‘Ability to collaborate with colleagues’. According to participants, the most 

useful activities in the programme were ‘Experimenting research-based laboratory activities’, 

’Constructing laboratory experiences’, and ‘Discussing research-based laboratory activities’. 

Participants judged the learning community approach useful (av. rate 3.6/4). The features they 

appreciated most in the programme were opportunities of active engagement, the connection 

between physics content and scientific practices and the collaborative environment.  

As for the TSI, individual differences between midpoint and pre-test scores were highly 

variable. While positive differences correlated well with self-reported improvements described in 

the questionnaire, some participants scored lower in the TSI but reported positive changes in 

their use of practical work. These results need to be examined more in depth using interviews. 

5 Conclusions 

Although the programme is still ongoing, preliminary results give interesting insight about the 

elements that contribute to an effective teacher training programme on the use of practical work 

in physics education. Active engagement of teachers, linking physics content and scientific 

practices, the effort of translating research results in practice and the learning community 

approach emerge as the key features. 
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Abstract. In this paper, we present results of ongoing research about a modality of supervised 
placement, called co-teaching, in the context of supervised internship activities in a Brazilian 
Physics Teacher Education Program (LICFISPET). Participants include in-service teachers, pre-
service teachers, university professor and high school students. The ways in which these subjects 
relate to each other, as well as their relationship to professional practice, are structured on the 
basis of co-creativity. Our data records were made by means of video recording, which were duly 
authorized by participants. Analyses were qualitative and discussed aspects of participants’ 
discourses

1 Context and Research Question 

Teacher training in Brazil is accomplished at undergraduate level with an average duration 
of 4 years. As part of their education, students need to develop activities in elementary 
schools in the context of supervised placement activities. In this paper, we present results of 
ongoing research about a modality of supervised placement, called co-teaching, in the context 
of supervised internship activities in a Brazilian Physics Teacher Education Program 
(LICFISPET). Supervised internships at LICFISPET are carried out in public high schools. 
Participants include in-service teachers, pre-service teachers, university professor and high
school students. The ways in which these subjects relate to each other, as well as their 
relationship to professional practice, are structured on the basis of co-creativity. 

Co-teaching involves collective and collaborative planning, performance, assessment and 
critical discussion in meetings called Co-generative Dialogue Groups, or cogen, hereafter. For 
the interaction between different participants to be effective there must be horizontality in 
interactions. There is an expectation to achieve it through dialogue, respect, trust, friendly 
relations, and the circulation of leadership among participants [1, 2].

Whereas one of the main challenges for cogen methodologies is the articulation and 
integration between university and school participants, co-teaching may contribute to the 
dialogue between university and school. With that in mind, we set ourselves the task to 
analyze factors that may help make horizontality possible. Whereas one of the main 
challenges for cogen methodologies is the articulation and integration between university and 
school participants, co-teaching may contribute to the dialogue between university and 
school. With that in mind, we set ourselves the task to analyze factors that may help make 
horizontality possible.
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their use of practical work at school. For the final evaluation of the programme, these measures 

will be complemented by interviews, analysis of lab worksheets and classroom observations. 

4 Results 

65% of participants stated that their use of practical work has changed since they have started 

the programme. Reported changes mostly concern the use of different kinds of lab activities and 

a more student-centred approach. The aspects in which participants feel they have improved 

most is ‘Understanding of the role of practical work in physics education’, ‘Ability to design a 

scientific lab’ and ‘Ability to collaborate with colleagues’. According to participants, the most 

useful activities in the programme were ‘Experimenting research-based laboratory activities’, 

’Constructing laboratory experiences’, and ‘Discussing research-based laboratory activities’. 

Participants judged the learning community approach useful (av. rate 3.6/4). The features they 

appreciated most in the programme were opportunities of active engagement, the connection 

between physics content and scientific practices and the collaborative environment.  

As for the TSI, individual differences between midpoint and pre-test scores were highly 

variable. While positive differences correlated well with self-reported improvements described in 

the questionnaire, some participants scored lower in the TSI but reported positive changes in 

their use of practical work. These results need to be examined more in depth using interviews. 

5 Conclusions 

Although the programme is still ongoing, preliminary results give interesting insight about the 

elements that contribute to an effective teacher training programme on the use of practical work 

in physics education. Active engagement of teachers, linking physics content and scientific 

practices, the effort of translating research results in practice and the learning community 

approach emerge as the key features. 
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2 Methodology

Data was collected in a participant observation setting by one of the authors. The empirical 
scenario refers to a lesson about time, jointly planned by beginning teachers for a group of 
students in Adult Education. The first part of the lesson explored issues concerning students' 
management of their own time, making explicit reference to their insufficient record of 
attendance. Following this contextualization, beginning teachers presented students with the 
history of instruments used in the measurement of time. Finally, practical activities were 
conducted. Cogens were carried out at the end of the lesson. Our data records were made by 
means of video recording, which were duly authorized by participants. Analyses were 
qualitative and discussed aspects of participants’ discourses.

3 Results

Beginning teachers initial considerations characterized the lesson as "a success". Such 
perception was justified in terms of creativity employed in both lesson planning and 
implementation, which articulated a variety of sources usually present in academic discourses 
about Physics teaching: going beyond traditional textbook approaches, using 
contextualization elements, making references to students’ daily lives, using history of 
science and experimentation related methodologies. Nevertheless, their view was challenged 
by the supervising practicing teacher who called attention to elements that were missing, in 
particular, assessment activities, emphasizing the pedagogical dimension of evaluation. In 
general, exchanges revealed strong marks of participants’ social places, which were made 
evident by dialogic exchanges and enabled the consideration of the professional grounding 
and implications associated to certain points of view.

4  Discussion
We observed cogen’s potential to bring participants together through a number of factors. 

Firstly, the establishment of a common goal, namely, improving students' teaching-learning 
process was a key in creating an environment of collaboration and in seeking horizontality in 
the interactions. Another factor was the freedom to speak out that was granted throughout the 
process. Not only did it allow the identification of relationships between individual 
perspectives and their socio-conceptual horizons, but also permitted discursive displacements 
that are desirable of contexts of construction of teachers’ emerging new identities: beginning 
teachers representing a (practicing) teacher role and practicing teachers representing a teacher 
educator role. No less important were the opportunities for teacher educators to acknowledge 
aspects of their role in this complex scenario. Results, therefore, speak in favor of co-
teaching, and of cogens, as a way of organizing teacher training activities tin more democratic 
bases. They suggest that horizontal relations between participants, and by extension between 
university and school, can be built.
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Abstract. Continuous Professional Development (CPD) of school teachers is promoted 
worldwide and broadly researched and described in many publications every year. At the same 
time Faculty Professional Development is addressed rarely and at most locally. Usually staff 
members of science faculties have a high-level content knowledge, but at the same time the lack 
of interpersonal skills, pedagogical knowledge and self-reflection on their own teaching is very 
common among academics. In order to address this issues we proposed this Summer semester the 
course for the first-year PhD students. The results of the course development as well as students’ 
engagement and their perception of the course will be reported in a case study.

1 Introduction 

Continuous Professional Development (CPD) of mathematics and science teachers is 
promoted worldwide and broadly researched and described in publications every year, for 
example [1-4]. During the last decade also many European projects funded within the 7th

Framework Programme [5-7] focused on trainings for in-service teachers, providing CPD to 
thousands of them across Europe. At the same time Faculty Professional Development in 
Higher Teaching is addressed rarely and at most locally, despite implementation of the Bologna 
process and existence of overarching documents setting up the general framework of the 
uniform Higher Education in Europe. As a result the same learning outcomes described in 
students records in different countries are provided on the basis of very different approaches and 
consistency in teaching in higher education across Europe is not secured.

Usually staff members of science faculties have a very high-level content knowledge they 
transfer to the students, but at the same time the lack of interpersonal skills, pedagogical 
knowledge and self-reflection on their own teaching is very common among academics.
Sometimes the faculties offer seminars or short courses concerning these issues, nevertheless 
such actions are rather incidental and sparsely attended by staff members. Moreover, PhD 
students starting their first classes without any professional instruction, tend to copy the ways of 
teaching, classroom management and even interpersonal relations from the experience gained 
during their own studies. This way the process of changing the teaching habits from frontal and 
teacher-centered to more active and student-centered ones is very slow, ineffective and does not 
secure meeting the contemporary standards of alumni qualification. Consequently, the 
employers complain about too theoretical knowledge of the alumni and the lack of most of the 
key competences [9], including practical and social competences, about low level of sense of 
initiative and entrepreneurship, as well as low abilities to pursue and persist in continuous 
learning.

2 A Piloting Course in Higher Education Didactics for PhD Students

In order to address this issues we designed the course “Introduction to Higher Education 
Didactics” for the first-year PhD students. The course is divided into two parts: (1) interactive 
lecture and workshop on the fundamentals of Higher Education Didactics and (2) workshop on 
laboratory activities and demonstrations of physics experiments accompanying lectures. The 
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2 Methodology

Data was collected in a participant observation setting by one of the authors. The empirical 
scenario refers to a lesson about time, jointly planned by beginning teachers for a group of 
students in Adult Education. The first part of the lesson explored issues concerning students' 
management of their own time, making explicit reference to their insufficient record of 
attendance. Following this contextualization, beginning teachers presented students with the 
history of instruments used in the measurement of time. Finally, practical activities were 
conducted. Cogens were carried out at the end of the lesson. Our data records were made by 
means of video recording, which were duly authorized by participants. Analyses were 
qualitative and discussed aspects of participants’ discourses.

3 Results

Beginning teachers initial considerations characterized the lesson as "a success". Such 
perception was justified in terms of creativity employed in both lesson planning and 
implementation, which articulated a variety of sources usually present in academic discourses 
about Physics teaching: going beyond traditional textbook approaches, using 
contextualization elements, making references to students’ daily lives, using history of 
science and experimentation related methodologies. Nevertheless, their view was challenged 
by the supervising practicing teacher who called attention to elements that were missing, in 
particular, assessment activities, emphasizing the pedagogical dimension of evaluation. In 
general, exchanges revealed strong marks of participants’ social places, which were made 
evident by dialogic exchanges and enabled the consideration of the professional grounding 
and implications associated to certain points of view.

4  Discussion
We observed cogen’s potential to bring participants together through a number of factors. 

Firstly, the establishment of a common goal, namely, improving students' teaching-learning 
process was a key in creating an environment of collaboration and in seeking horizontality in 
the interactions. Another factor was the freedom to speak out that was granted throughout the 
process. Not only did it allow the identification of relationships between individual 
perspectives and their socio-conceptual horizons, but also permitted discursive displacements 
that are desirable of contexts of construction of teachers’ emerging new identities: beginning 
teachers representing a (practicing) teacher role and practicing teachers representing a teacher 
educator role. No less important were the opportunities for teacher educators to acknowledge 
aspects of their role in this complex scenario. Results, therefore, speak in favor of co-
teaching, and of cogens, as a way of organizing teacher training activities tin more democratic 
bases. They suggest that horizontal relations between participants, and by extension between 
university and school, can be built.
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first part has started in the Spring semester 2018, and will be repeated in 2019. The second part 
was introduced during the Fall semester this academic year. 

In this contribution we will present the results of the case study of the first part of the course, 
based on our two-year experience. The main aim of the course is to raise PhD student awareness 
of a crucial impact of social dimensions in higher education. This part consists of  (I) Pedagogy, 
(II) Course Design and (III) Use of Technology. PhD students reflect on  learning and teaching 
styles, learn about different practices and student-centered methodologies as well as assessment 
techniques coherent with learning styles and expected learning outcomes. They discuss 
classroom management (environment, groups, communication, goals, objectives and 
expectations, special needs students). They learn how to design a course – how to write a 
syllabus for it, how to develop and transform instructional content, how to prepare assignments 
and how to use new technologies as supportive tools. On the top of that, PhD students are also 
encouraged to do practitioner inquiry [10] in their classes and to engage themselves in 
practitioner learning groups during their future work as higher education teachers. 

3 Results and discussion 

Three groups consisted of altogether more than 30 PhD students preparing their dissertations 
either in physics or biophysics.. Most of them did not have any experience in teaching students 
prior to the course and only a few had already taught one group of students, mostly in the lab for 
undergraduate students. 

The results of the course development as well as students’ engagement and their perception 
of the course expressed in a survey will be reported during presentation in a form of a case 
study.
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expectations, special needs students). They learn how to design a course – how to write a 
syllabus for it, how to develop and transform instructional content, how to prepare assignments 
and how to use new technologies as supportive tools. On the top of that, PhD students are also 
encouraged to do practitioner inquiry [10] in their classes and to engage themselves in 
practitioner learning groups during their future work as higher education teachers. 
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Three groups consisted of altogether more than 30 PhD students preparing their dissertations 
either in physics or biophysics.. Most of them did not have any experience in teaching students 
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Abstract. This study examined physics teachers’ conceptions of teaching and learning and their 
reported instructional practices. The participants were 18 physics teachers. Teachers’ years of 
experiences ranged from 2 to 22 years. The data of the study were obtained with semi-structured 
interviews and analyzed based on a dual categorization of teaching conceptions. The analysis of 
the data revealed that most of teachers demonstrated both transmissive and constructivist 
conceptions of teaching. On the other hand, teacher-reported instructional practices were mostly 
teacher-centered and content-oriented. Some of teachers’ conceptions of teaching and their 
reported instructional practices were not compatible with each other. 

1 Theoretical Framework   

Conceptions of teaching and learning refer to “the beliefs held by teachers about their preferred 
ways of teaching and learning” (Chan & Elliot, 2004, p. 819). They include teachers’ 
conceptualization of teaching, learning, and the roles of teachers and students (Chan & Elliot, 
2004). Traditional views of teaching are associated with teacher-centered and content-oriented 
conceptions of teaching (Kember, 1997). In this perspective, teaching is conceptualized as 
transmitting facts, principles, concepts, and skills to students. Students are considered as passive 
listeners (Clements & Battista, 1990). On the other hand, in the constructivist orientation of 
teaching, students are viewed as active knowledge constructors, whereas teachers are seen as 
learning facilitators (Kember, 1997). Learning is considered as a social meaning-making process, 
resulting by interactions with others and environment (Clements & Battista, 1990). 

Research indicated that teachers’ conceptions of teaching and learning affected their 
instructional practices (Buehl & Beck, 2015; Lotter, Harwood, & Bonner, 2007). The teachers 
having knowledge transmission orientation were more inclined to lead students’ use of surface 
approaches to learning, whereas those adopting a learning facilitator orientation were more likely
to use deep approaches to learning (Kember, 1997). Teachers’ conceptions of teaching and 
learning also impact the effectiveness of educational reforms (Feldman, 2002; Lotter et al., 2007). 
Thus, investigating teachers’ beliefs about teaching and learning is vital for education. On the other 
hand, in the current literature, most of studies examining conceptions of teaching are conducted 
with pre-service teachers (e.g., Chai, Teo, & Lee, 2010; Cheng, Chan, Tang, & Cheng, 2009). This 
study investigated in-service physics teachers’ conceptions of teaching and learning and their 
reported instructional practices.

2 Method

2.1 The Participants of the Study 

The participants of the study were 18 (12 Male, 6 Female) physics teachers. Teachers’ years of 
experiences ranged from 2 to 22 years. Both private and public school teachers were involved in 
this study.  
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2.2 Data Collection and Analysis

Teachers were individually interviewed by the researcher. Teachers answered the following 
questions:

 How do you teach physics?
 How should physics be taught?
 How do students learn physics?
 How should students learn physics? 

Transcripts of audio-tapes for each teacher’s answers to above questions were used for data 
analysis. The data were analyzed based on a dual categorization of teaching conceptions—
transmissive /traditional versus constructivist orientation (Chan & Elliot, 2004).

3 Results and Conclusion

The analysis of interview transcripts revealed that most of teachers demonstrated both 
transmissive and constructivist view of teaching, which is called as a mixed view. On the other 
hand, teacher-reported instructional practices were mostly teacher-centered and content-oriented.
Some of teachers’ conceptions of teaching and their reported instructional practices were not 
compatible with each other. For example, although the teacher reported that he used teacher-
centered approach in his physics classes, he suggested physics teaching should be relied on 
experimentation. Another teacher conceptualized physics teaching as a technology-integrated 
instruction in which students are responsible for their own learning. Teachers mainly attributed 
those contradictions to the lack of laboratory tools or technological resources, necessary 
background knowledge for achieving physics and motivation to learn physics; and the effect of 
having the college entrance examination.   

Previous research indicated high-stakes tests negatively influenced teachers’ instructional 
practices, but this study also indicate that the high-stakes college entrance examination also 
influenced teachers’ conceptualization of a good physics teaching. The necessary 
recommendations for pre- and in-service teacher education programs will be proposed based on 
the results of this study.
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Abstract. We describe a 24-hour professional development course about introductory quantum 
mechanics. The course engaged more than 40 in-service secondary school teachers in interactive 
sessions, during which the design principles, didactical objectives and students’ activities of an
integrated physics-chemistry teaching-learning sequence about Planck’s constant, the concept of 
photon and atomic stability were illustrated. The effectiveness of the course was evaluated 
through a Likert-type survey about the teachers’ perceptions of the goals, contents and 
pedagogical methods proposed in the teaching-sequence.

1 Introduction and aims  

In-service training and professional development are essential for successful implementations
of innovative physics curricula, as those focused on Quantum Mechanics (QM). However, the 
lack of professional development courses in QM is likely one of the main causes for the scarce 
implementation at high school level of QM. Such courses would be critical especially in 
educational contexts, as Italy, where: (i) physics is mostly taught by teachers graduated in 
mathematics, who are not disciplinary specialists; (ii) most teachers have been teaching in a 
system characterized by formal divisions among subjects, since middle school. On the contrary, 
QM is a content area with a very specialized body of knowledge and where physics and 
chemistry cross in multiple ways, from the concept of orbital to the stability of atoms. For such a 
reason, we designed an in-service teacher development course to familiarize the participants with 
a curriculum that aims at integrating physics and chemistry, dealing at the same time with 
fundamental aspects of quantum mechanics. In this paper, we discuss the design principles of the 
professional development course and its main outcomes in terms of teachers’ perception about 
the proposed chemistry-physics integrated curriculum.

2 Methods

2.1 In-service professional development course 

The 24-hour course was articulated in six meetings (3 hours each) and additional activities
carried out by the teachers on their own. The additional activities included literature research, 
students’ worksheet design and the writing of a portfolio, for a total of 6 hours. During the 
meetings, teachers became acquainted with the teaching activities developed by our group [1] to 
introduce basic concepts of quantum mechanics. In the first two meetings, the teachers were 
given the opportunity to discuss and perform a lab activity, as they were students to strengthen 
situated cognition [2], about the measurement of Planck’s constant h using LEDs of different 
colors. In the third and fourth meeting, the teachers were introduced through a lecture to the 
concept of photon and emission mechanisms in atoms. In the fifth and six meeting, the 
function was introduced with tight reference to the chemistry notion of atomic orbital. Stability 
of atoms was finally discussed. In each meeting, the final part was devoted to engage the 
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2.2 Data Collection and Analysis

Teachers were individually interviewed by the researcher. Teachers answered the following 
questions:

 How do you teach physics?
 How should physics be taught?
 How do students learn physics?
 How should students learn physics? 

Transcripts of audio-tapes for each teacher’s answers to above questions were used for data 
analysis. The data were analyzed based on a dual categorization of teaching conceptions—
transmissive /traditional versus constructivist orientation (Chan & Elliot, 2004).

3 Results and Conclusion

The analysis of interview transcripts revealed that most of teachers demonstrated both 
transmissive and constructivist view of teaching, which is called as a mixed view. On the other 
hand, teacher-reported instructional practices were mostly teacher-centered and content-oriented.
Some of teachers’ conceptions of teaching and their reported instructional practices were not 
compatible with each other. For example, although the teacher reported that he used teacher-
centered approach in his physics classes, he suggested physics teaching should be relied on 
experimentation. Another teacher conceptualized physics teaching as a technology-integrated 
instruction in which students are responsible for their own learning. Teachers mainly attributed 
those contradictions to the lack of laboratory tools or technological resources, necessary 
background knowledge for achieving physics and motivation to learn physics; and the effect of 
having the college entrance examination.   

Previous research indicated high-stakes tests negatively influenced teachers’ instructional 
practices, but this study also indicate that the high-stakes college entrance examination also 
influenced teachers’ conceptualization of a good physics teaching. The necessary 
recommendations for pre- and in-service teacher education programs will be proposed based on 
the results of this study.
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teachers in discussions about how comfortable they felt with the provided materials, allowing 
them to ask questions, anticipate and evaluate possible students’ difficulties. In particular, 
physics and chemistry school curricula were discussed, in order to stimulate a debate about 
common topics between the two subjects.  

2.2 Sample 

Forty-two in-service teachers with an average of 15±7 years of teaching experience attended
the course from October to December 2018. The teachers were recruited from six high schools 
after negotiations with the respective headmasters. Twenty-nine teachers taught physics, thirteen 
taught sciences, including biology and chemistry. Twenty-five teachers were graduated in 
mathematics, four in physics, two in chemistry, the remaining eleven were graduated in biology.  

2.3 Data collection and analysis 

To evaluate the effectiveness of the course, we collected teachers’ responses to a Likert-type 
survey on their perception about the goals, contents and pedagogical methods proposed in the 
teaching sequence. The survey featured 39 items on which the teachers were required to express 
their degree of agreement on a scale from 1 to 10. Nineteen items concerned the learning goals, 
while the remaining 20 items concerned the teachers’ attitude towards the topics and the 
methodology of the proposed curriculum. We scored the survey items as follows: out of the 19
learning objectives, 9 items (SLO items) corresponded to learning objectives which formed the 
core of the curriculum discussed during the course. A score of 10 on each of these items was 
interpreted as a complete awareness of the relevance of the learning objectives. Ten out of 19 
items (GLO items) corresponded, instead, to generic learning objectives, not specifically related 
to the proposed curriculum. A score of 10 on each of these items was hence interpreted as a
scarce awareness about the core objectives of the curriculum. For the 20 items about topics and 
methodology (MET items), we calculated the total score, taking into account that some items 
were formulated the other way around. We interpreted an overall score greater than 120 (out of 
200) as the threshold for considering the teacher “resonant” with the proposed curriculum. 

3 Results and conclusions 

The average score on the SLO items was 8.81 ± 0.13 (st. err.), while the average score on 
GLO items was 8.28 ± 0.15 (st. err.). The difference is statistically significant (p = 0.009). About 
70% of the attendees obtained a score greater than 120 on the MET items, and were thus 
classified as “resonant”. We also note that the mean scores on SLO and GLO items obtained by 
these teachers vs. those of the less resonant teachers are statistically different. Such results 
support the effectiveness of the professional development course. At the conference, we will 
present the detailed results and discuss their implications for research in teacher training about 
innovative sequences in physics.   
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Abstract. Max’s Worlds is a laboratory project aimed at the development of a coherent vertical 
curriculum suitable for kindergarten and primary school teachers, either for  their pre-service 
university program, either for in-service training activities. The project  provides didactic suitcases: 
in this paper, after an introduction about the project  theoretical foundations, we will focus on the 
energy suitcase, its content, and reaction of  student teachers to laboratory activities using the 
provided materials. 

 

1 Introduction 

Max’s Worlds is a science project ideated and developed in the framework of MultiLab at the 
Faculty of Education of the Free University of Bolzano, Italy. It aims at the development of a 
coherent vertical curriculum for primary school, in continuity with kindergarten and lower 
secondary school.  

The coherence of the curriculum is due to the disciplinary choice characterizing the whole 
project. Starting from the results of cognitive sciences and cognitive linguists in particular [1, 2], 
a small set of elementary concepts (image schemas) has been identified and used as source of the 
figurative language (metaphorical expressions). This allows the subjects to be treated in natural 
language, characterized by the frequent recourse to analogies.  

The verticality of the curriculum is ensured by the methodological choice of the project. All 
subjects are offered to pupils of all grades and the differentiation is in the cognitive tools 
attributed to children, according to the Egan’s theory of the understandings [3].  

The continuity of the curriculum is given by the organization of the didactic materials provided 
by the project. They are collected in thematic suitcases, available for schools of every grade. A 
suitcase contains the materials for pupil activities, the teacher guide, and the digital products 
accompanying the didactic path. At present, four Max’s World suitcases are available: Idrolandia 
(water phenomena), Termolandia (thermal phenomena), Elettrolandia (electric phenomena), and 
Ergolanida (energy).  

Max World’s, for its integration of science and humanities, has a strong interdisciplinary 
character, that allows teachers to easily introduce it into their didactic planning. Science results 
then linked to the other school disciplines with a fruitful and effective mutual enrichment.  

In this paper we will introduce the theoretical foundations of Max’s Worlds, as example, we will 
describe structure and content of Ergoland, the energy suitcase (Fig. 1), and we will show the 
results from its experimentation..  
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Fig. 1 The Ergoland suitcase 

 

 

2 Method and results 

In the last academic years, Ergoland has been used with student teachers in a Physics Lab 
provided in the fourth year of the master’s program in primary teacher education at the Faculty 
of Education of the Free University of Bozen-Bolzano. The students, working in groups, 
produced several documents (reports, didactic projects, drawings, etc.). The students’ reaction to 
the course are positive, especially their inclination they declare toward sciences and their 
appreciation of the Lab activities. In the second part of the paper we will present the analysis of 
the students’ production either in disciplinary or in didactic terms. We anticipate that the 
Ergoland approach allowed the students to integrate content knowledge and pedagogical 
knowledge [4, 5] and to involve different representations of the energy concept. 
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Abstract. There is a shortage of physics trained school teachers in Australia. In order to address 
this shortage, UNSW Sydney has introduced a postgraduate degree to teach physics to current high 
school science teachers. This program has been designed around the needs of teachers. Several 
lessons have been learnt along the way, these will be shared to inform others that may be planning 
a similar degree. 

1 Why this degree is needed in the Australian Context 

Many physics teachers at high schools in Australia do not have any physics qualifications (over 
60% do not have a physics major [1]). There is an acknowledged shortage of mathematics and 
physics teachers in New South Wales (NSW), a recent report [2] found that 20% of physics classes 
were taught by teachers teaching out-of-field, that is teachers without the currently required two 
university level physics courses. In 2019 the requirement to be an accredited physics teacher in 
NSW changed to require accredited physics teachers to have completed four university level 
physics courses so this shortage is only going to get worse if not addressed. There is no shortage 
of science teachers, the shortage is specifically in physics [2]. 

A new physics syllabus is currently being introduced in NSW, students in year 11 are studying 
this for the first time in 2018 with year 12 (final year of high school) students studying it for the 
first time in 2019. This is the first time in two decades that a new physics syllabus has been 
introduced. Teachers not trained in physics find it hard adjusting to the new syllabus. One aspect 
of the new syllabus they struggle with is the requirement that students spend fifteen hours each 
year working on an open ended research project, a depth study. 

A graduate certificate in physics for high school science teachers containing four university 
level physics courses helps to address these shortages. The program is aimed at science teachers 
so they have already completed teaching methods courses in science education and are currently 
working as biology or chemistry teachers. In Australia 30-40% of teachers leave teaching in their 
first five years [3], it makes sense to introduce a degree to train current teachers in physics rather 
than just focusing on the training of new teachers. 

2 The design of the new program 

The program consists of four courses: PHYS9110, Everyday Physics for Teachers, a 
contextualized, algebraic introduction to physics with many of the topics focusing on wave 
mechanics; PHYS9120, Mechanics for Teachers; PHYS9130 Electromagnetism for Teachers; and 
9140 Thermal and Modern Physics for Teachers. In 2018 the latter three each had a weekend 
during which teachers attended the university to complete experiments. While the teachers enjoyed 
this the rural teachers did find it hard to manage so in 2019 the teachers complete their experiments 
at school and submit reports. Other assessment used throughout the program include final exams, 
these can be invigilated at the teacher’s school if they are not able to make it to the university and 
online quizzes. The timing of the course has been planned as much as possible around teacher’s 
annual schedules. 

The Openlearning platform is used to deliver the learning materials in these courses. 
Openlearning is a very social platform making it easier for the teachers to interact with each other 
and the instructor and build up a sense of community. The assessments are run through Moodle as 
this includes more sophisticated quiz questions (we use STACK questions extensively) and 
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Turnitin for checking the originality of reports. Parts of these courses have also been micro-
credentialed as accredited professional development for teachers. This allows qualified physics 
teachers to update themselves on topics they may have forgotten. 

Within the online setting the courses have been designed to promote active engagement as much 
as possible [4]. Throughout the course students are encouraged to share ideas of how they could 
teach this material to their students. Where possible predict-observe-explain has been used for 
demonstrations with teachers entering their predictions, observations and explanations into the 
online platform. While the courses are physics courses rather than teaching method courses there 
are references made to the literature on physics teaching throughout the course. 

3 Lessons learnt 

In 2018 only a small number of teachers completed the program. In 2018 teachers only required 
two physics courses for accreditation, so there was a large decrease in enrollments after the first 
two courses. The number of enrollments has increased in 2019, with over fifteen teachers enrolled 
in the program and numbers are predicted to continue increasing. The program fees are being paid 
by schools (for teachers in independent schools), scholarships from the department of education 
or by the teachers themselves. The teachers who are covering the costs themselves are mainly 
teachers who do not yet have a permanent job, they plan on levering their status as an accredited 
physics teacher to gain full time employment. Some teachers have struggled with the workload of 
the courses (especially teachers with young children) as well as the mathematical rigor. The 
scholarships cover much of the cost of the program but do not give teachers time off class, this 
could alleviate some of the difficulty teachers face in the program. In 2019 our university 
introduced an online mathematics bridging course, this will be a useful refresher course for the 
teachers who have not studied mathematics recently. 

Three of the courses were produced by people who were or had been high school teachers. 
These courses received positive feedback from the teachers. The students were less happy with the 
course which was designed by a university academic with no high school experience. This course 
has been redesigned for 2019. Prior to the introduction of this course we started a visiting teaching 
fellow program where a high school teacher is seconded to our university for a year and then 
returns to their school. The input from a high school teacher was very valuable in designing a 
program that is useful for high school teachers. 

4 Future plans 

There is also a shortage of mathematics teachers in Australia. The faculty of Science at UNSW 
is currently assessing the feasibility of offering a coursework masters degree, including 
mathematics and chemistry courses. Such a course would meet the accreditation requirements to 
train a non-science teacher in mathematics, physics or chemistry. 

As the student numbers increase the intent is to more rigorously evaluate the effectiveness of 
this degree in more detail. 
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Abstract. We aim to investigate a practicum carried out in the co-teaching practice. We will 
analyze the case of a successful practicum in the context a Brazilian Physics Teacher Education 
Program, specifically, one of co-taught classes - a very a successful class about thermodynamics
machines. Based on the Cultural Historical Activity Theory, we understand that the co-teaching is 
also a co-learning process. A successful internship is due not just to the good partnership between 
the intern and supervisor, but also to the partnership with students. This means to include
students’ acknowledgement, acceptance, and legitimization of the intern as a teacher

1 Introduction: the case 

In many countries, the supervised practicum turns up as an important issue. Particularly in 
Brazil, the issue becomes critical because on one hand, interns (pre-service teachers) have to 
fulfill 400 hours of school placement over the second half of their education programs. On the 
other hand, schools have no institutional support to keep interns well supervised, once there is no 
legal resolution attributing this responsibility to schools support the practicum. Ideally, the 
practicum should promote the intern's initiation supervised by the in-service teacher, whose 
generally have no training to this supervision.

Our ongoing research aims to investigate a practicum situation that is based on the co-
teaching perspective. We are interested in practicum physics classes where interns and teacher 
co-teach. We will analyze the case of a successful practicum in the context a Brazilian Physics 
Teacher Education Program, specifically, one of those co-taught classes - a very a successful
physics class about thermodynamics machines. This lesson lasted for 50 minutes and was 
videotaped by another intern who was just observing the class at that day

2 Methodology

The methodology consists of videotaping the intern's practicum at high school classes in order 
to analyze the discursive co-teaching interactions. The research has been carried during a course
designed for pre-service teachers to reflect on their teaching practices in high schools level and to 
fulfill 120 hours of placement. The professor of the Program negotiated with the principal and 
the physics teacher (practicum supervisor) of the High School for accepting three interns to 
accomplish their placement in the physics classes. The supervisor is used to receive interns in his 
classes since he has been collaborating with our research group for at least five years.

This school is located in downtown city and it is quite close to our university campus. This 
internship started in August and lasted until November. The professor and interns attended the 
physics classes in high school once a week for the whole semester. During the practicum all over
the semester, the supervisor invited interns to take part in some teaching tasks, for instance, 
helping students when they were working in groups. Besides, the three of them co-taught with 
the supervisor at least twice over the semester. 
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3 Discussion and conclusion 

In the beginning of the class, the supervisor says how happy he was with the material the 
pre-service had prepared for this class: “For today, [the pre-service] prepared this material, 
which I have analyzed before and I think it is a very good one. He is gonna speak about 
industrial evolution and about thermal machines evolution, specifically, about [our city]... I 
thought this is a fantastic idea ... and... I gonna used this idea next year... Gonna copy his idea.
Very good idea (...)”. Over the class, both of them interacted smoothly and seamlessly so that it 
looks like a dancing, as we show in the picture below.  

Fig. 1 Pre-service and in-service teachers coteaching 
The concept of co-teaching is generally known as the practice of two or more teachers 

sharing a teaching activity in the same classroom [1]. In this situation, the collaboration among 
them is mandatory to achieve the educational goals. However, co-teaching become a wider 
concept which it is "not only as a form of teaching but also a way of learning to teach, doing 
research, supervising new teachers, and evaluating teaching in classroom" [2].

Based on the Cultural Historical Activity Theory, we understand that the co-teaching is 
also a co-learning process. A successful internship is due not just to the good partnership 
between intern and supervisor, but also to the partnership with students. This means to include 
students’ acknowledgement, acceptance, and legitimization of the intern as a teacher. Our 
analysis allows us to understand the triad intern-teacher-student as the subject of the practicum 
teaching-learning activity – the expanded co-teaching.

Nevertheless, we are proposing to expand co-teaching idea bringing to the core object 
of analysis (teacher-intern relationship) another element – the student. Accordingly, the 
complexified dyad collaboration become a triad one, where intern-teacher-student's 
coordination of actions rather than considering just both teachers, includes a fundamental 
partner in the teaching-learning process – the student. The expanded co-teaching becomes 
evident in the context of the practicum in which pre-service teachers undergo supervised 
teaching practices establishing mediations with high schools students to be seen as a new 
teacher, i.e., the most concrete challenge pre-services face when their teaching initiation takes 
place. These findings would become guidance to better structure the practicum activity in 
Physics Teacher Education, since part of the uncoordinated co-teaching process is due to the 
contradiction between University and High School activities 
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Abstract. The student-lab courses at the University of Würzburg is implemented in the pre-service 
teacher education as important practical training. In the course the pre-service teachers set up 
experimental stations for a given teaching unit and conduct them with school classes. Subsequent to 
every performance the pre-service teachers reflect their teaching with the instructors and the peer 
group. Interest of our research is the professionalization through practical training. Therefore, we 
would like to know whether the pedagogical content knowledge (PCK) of the pre-service teachers 
developed during the course. In addition, the survey focuses on the knowledge applied by the pre-
service teachers. 

1 Introduction 

In Germany the development of competencies should take place in ‘personal testing and 
following reflection of a theoretical concept in simulated lessons, in natural lessons or at out-of-
school classes’ (KMK, 2004). With this increasing impact, it is not unexpected that many 
researcher focussing on the abilities of practical training. Practical training seems to be the best 
way in pre-service teacher education, but there are few negative results (Hashweh, 2005). 
Referring to Tschannen-Moran adduced easy practical situations (eg. small classes or only one 
topic at every performance), an intensive preparation time and much time for reflection as the 
important preconditions for a promising practical training (Tschannen-Moran, 2008). In addition, 
Darling-Hammond shows that on-campus-course could act as promising practical trainings 
(Darling-Hammons, 2008). Therefore, new methods of practical training are needed. As a new 
kind of practical training the student labs come to the focus of pre-service teacher education in 
Germany. In 1987 Shulman describes the PCK as a knowledge “of specific interest because it 
identifies the distinctive bodies of knowledge for teaching” (Shulman, 1987). According to this, 
Magnusson divided the PCK in five dimensions: orientation to teaching science, knowledge of 
science curricula, knowledge of assessment of scientific literacy, knowledge of students’ 
understanding of science and knowledge of instructional strategies (Magnusson, 1999).  

2 The student lab as a practical training course 

The student lab seminar is divided into two parts: a preparation part and a practical training part. 
In the first part, the pre-service teachers design an experimental station for a certain subtopic 
related to the main topic in groups. The experimental station includes different experiments with 
instructions and accompanying material e.g. cloze tests for backup the content. All the materials 
have to be digitalised to use them on iPads, which the students are working with. Additionally, to 
this the pre-service teachers have to plan the performance with the school classes. In the practical 
training, four to five school classes with students at age of thirteen to fifteen visit the student lab. 
After every performance, a reflection talk with the experts (instructors) and the peer group 
(fellow pre-service teachers) takes place. Then the pre-service teachers get time to change their 
experimental station and the lab-manual before the next visit of a school class.  
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3 Discussion and conclusion 

In the beginning of the class, the supervisor says how happy he was with the material the 
pre-service had prepared for this class: “For today, [the pre-service] prepared this material, 
which I have analyzed before and I think it is a very good one. He is gonna speak about 
industrial evolution and about thermal machines evolution, specifically, about [our city]... I 
thought this is a fantastic idea ... and... I gonna used this idea next year... Gonna copy his idea.
Very good idea (...)”. Over the class, both of them interacted smoothly and seamlessly so that it 
looks like a dancing, as we show in the picture below.  

Fig. 1 Pre-service and in-service teachers coteaching 
The concept of co-teaching is generally known as the practice of two or more teachers 

sharing a teaching activity in the same classroom [1]. In this situation, the collaboration among 
them is mandatory to achieve the educational goals. However, co-teaching become a wider 
concept which it is "not only as a form of teaching but also a way of learning to teach, doing 
research, supervising new teachers, and evaluating teaching in classroom" [2].

Based on the Cultural Historical Activity Theory, we understand that the co-teaching is 
also a co-learning process. A successful internship is due not just to the good partnership 
between intern and supervisor, but also to the partnership with students. This means to include 
students’ acknowledgement, acceptance, and legitimization of the intern as a teacher. Our 
analysis allows us to understand the triad intern-teacher-student as the subject of the practicum 
teaching-learning activity – the expanded co-teaching.

Nevertheless, we are proposing to expand co-teaching idea bringing to the core object 
of analysis (teacher-intern relationship) another element – the student. Accordingly, the 
complexified dyad collaboration become a triad one, where intern-teacher-student's 
coordination of actions rather than considering just both teachers, includes a fundamental 
partner in the teaching-learning process – the student. The expanded co-teaching becomes 
evident in the context of the practicum in which pre-service teachers undergo supervised 
teaching practices establishing mediations with high schools students to be seen as a new 
teacher, i.e., the most concrete challenge pre-services face when their teaching initiation takes 
place. These findings would become guidance to better structure the practicum activity in 
Physics Teacher Education, since part of the uncoordinated co-teaching process is due to the 
contradiction between University and High School activities 
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3 Research interest 

Although the student’s lab fulfils the conditions to be a suitable tool for a practical training 
course, its effect on the professional knowledge is unknown and should be investigated in the 
following research project. The following questions are in the focus of this investigation:  

1. Does the PCK develop along the student lab? 
2. Which knowledge do the pre-service teachers use to design the experimental stations and 

to plan the performances with the school classes? 

4 Results  

The results are gained from 66 participating pre-service teachers. 62% of the participants are 
male. For the PCK questionnaire no significant difference between the pre- and post-test can be 
found. If the whole test is divided into the PCK-facets, there is a significant value between the 
pre- and post-test of the facet student cognitions, which explains. The results of the journal 
analysis show, that the pre-service teachers are focussing on the facet instructional strategies 
while setting up and changing their experimental stations. Especially knowledge of 
accomplishing experiments and using media is mentioned in nearly every journal. The facet 
curriculum is primarily mentioned to answer the first question, since the pre-service teachers 
have to focus on the previous knowledge of the students. As assessment has only a minor role in 
the student lab, this facet is mentioned just in case of assessing knowledge of students while the 
learning process. The facet student cognitions increase during the student’s lab. After the first 
practical training the pre-service teachers seems to realise they have to consider the learning 
progress and the difficulties of the students during the lab. By comparing the journal analysis and 
the questionnaires with a linear regression 13% variance of the PCK post-tests are explain by the 
number of journal entries.  

5 Conclusion 

As shown above the student lab fulfils the conditions of a good practical training course. The 
results of the survey show no difference between the pre- and the post-test of the PCK. 
Compared to this, there are significant differences between the pre- and post-test for the student 
cognition questionnaires. The journal analysis show a different between the knowledge pre-
service teachers use while planning their station and while the implementation and the reflection 
of the practical training. The student’s lab needs to be more theory-driven, to act as a high 
valuable practical training. Therefore, the knowledge about student cognitions seems to be a 
good starting point for developing professional knowledge in the student lab. 
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Abstract. In this study, we present a comparison between three undergraduate Physics courses in terms               
of their argumentative design principles and we discuss whether or not a course is more prone                
to scaffold students’ development of argumentation skills than the others. We also analyzed the              
influence that an argumentative practice undertaken during the semester might have had in the              
participants perception of their own roles in classroom. 

1 Introduction 

In recent years, it has become clear the importance of scaffolding teachers’ and             
students’ development of argumentation skills in science classrooms [1], since it is one of the               
central epistemic practices of science [2]. By promoting it in classroom, it is possible to raise                
awareness for the non-static and socially constructed nature of science [3] and to shift the               
teaching focus from concept memorization to discussing beliefs and justifications that support            
knowledge claims, which is an important metacognitive exercise[4]. One of the ways to             
promote argumentation in classroom is by designing learning spaces that require an active             
participation of pupils in the evaluation of knowledge claims [5]. In order to do so, the design                 
principles that constitute the social space of classroom (roles of teachers and students,             
curriculum design, communication, metacognition and assessment strategies) should be         
integrated in such a way to facilitate students’ engagement in the argumentative discourse.  

In this case study, we compared three undergraduate Physics courses in terms of the              
aforementioned argumentative principles in order to understand how they act on supporting or             
not the development of argumentative skills by the enrolled students. Data was obtained from              
multiple sources, including non-participative classroom observation, students and teachers         
interviews, course syllabus analysis, and by designing and carrying out argumentative           
sessions in each one of those courses.  

2 Study Methodology 

The central idea of this qualitative case study [6] was to compare key features of each                
course when declared by students and professors and when observed in loco and to determine               
whether or not the development of argumentative skills was prone to occur in certain courses               
more than in others. We also intended to understand to what extent the implementation of an                
argumentative activity in classroom could shift participants’ perception regarding their own           
roles in that learning environment.  

Each of those courses had their own learning goals, study topics, and didactic activities. In               
order to understand students’ and professors’ perception about their own roles in classroom,             
two sets of interviews were carried out in the beginning and in the end of each course. To                  
comprehend the role of the curriculum, official department documents have been read and             
analyzed. To address the metacognitive and communicative aspects of each course, we have             
observed course classes for the period of one term. In the end of each course, professors and                 
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students took part in an argumentative practice that had been previously planned and that also               
provided relevant data for the study. This debate was related to the specific content studied in                
each course. 

3 Data analysis 

Discursive interactions in different situations and official documents have been analyzed           
according to the Dialogical Discourse Analysis principles (ADD in Portuguese) [7].           
Argumentative practices analysis has been performed within the framework of a recently            
developed methodological approach [8], which correlates professors’ didactic goals with their           
discursive procedures used in classroom. As a global representation of the study, we have also               
produced a comparative table that shows how each of the six argumentative design principles              
could be described in each course and how they influence in the occurrence of argumentative               
situations in classroom and in the discursive interactions of students and professors. 

4 Conclusion 

The study results suggests that in order to scaffold students’ development of argumentative             
skills it is necessary that professors and teachers acquire a deeper understanding of the nature               
of scientific discursive practices and the impact that they may have in the achievement of               
scientific learning goals. This level of awareness does not seem to be higher any of the                
analyzed courses, but it is more connected to the occurrence of similar experiences in the               
professors’ initial education or to a reflexive exercise that they might do of thinking about               
their own classes and how to achieve their goals by promoting students’ dialogic             
participation.  
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Abstract. Then the main objective of this paper is to present our first findings of literature review 
about coteaching to better understand how it has been used in science teacher education research. 
we have chosen three journals related to research in the field of teacher education: Teaching 
Education, Teaching and Teacher Education, Journal of Science Teacher Education.. As result, 
44 papers were found and divided into three major groups: (i) (i) coteaching in special education; 
(ii) coteaching in the science teachers education; (iii) coteaching is just mentioned to frame some 
science teaching practice.

1 Introduction 

Physics teaching, as many other practices, involves complex activities and methodologies, 
always evolving and being enhanced. Amongst these methodologies, coteaching is the one that 
have been growing and spreading over both university and school-based contexts. Over the last 
decades, coteaching has become a term vastly used in teacher education. Although the meaning 
tend to varies between fields, it is most commonly used when two or more teachers are working 
together in the same classroom. Thus, whereas Roth, Tobin & Zimmermman [1] state coteaching 
is "not only as a form of teaching but also a way of learning to teach, doing research, supervising 
new teachers, and evaluating teaching in classroom" (p. 2), Boyd & Roth [2] say "coteaching 
foregrounds the individual who coparticipates in a collective activity (...) is an irreducible 
phenomenon in its own right" (p. 53). 

In this context, we have been working with coteaching for a while and we recently started out 
a literature review of that term. Then the main objective of this paper is to present our first 
findings of this review to better understand how coteaching has been used in science teacher 
education research. 

2 Methodology

For this paper, which is the first step in the literature review of our research group, we have 
chosen three journals related to research in the field of teacher education: Teaching Education, 
Teaching and Teacher Education, Journal of Science Teacher Education. The following table 
shows key information of these journals. We emphasize that the third journal had the last volume 
published in 2016.

Table 1 Journals key information

Journal Aims and scope Total of volumes/ 
issues Editors’ country

Teaching Education
“interdisciplinary forum for innovative 

practices and research in teacher 
education”

29
4 issues/year

UK, Australia, 
Canada

Teaching and 
Teacher Education

“concerned primarily with "teachers, 
teaching, or teacher education situated in 

an international perspective or in an 
80

(8 volumes/year) Iceland, USA
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situations in classroom and in the discursive interactions of students and professors. 

4 Conclusion 

The study results suggests that in order to scaffold students’ development of argumentative             
skills it is necessary that professors and teachers acquire a deeper understanding of the nature               
of scientific discursive practices and the impact that they may have in the achievement of               
scientific learning goals. This level of awareness does not seem to be higher any of the                
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international context”

Journal of Science 
Teacher Education

"forum for disseminating high quality 
research and theoretical position papers 

concerning preservice and inservice 
education of science teachers"

27
(8 issues/year) Not found

The review has been done through the CAPES Periodicals Portal, a Brazilian platform 
maintained by the federal government, in which several periodicals from all areas are 
available. We have used the term coteaching for searching in the Portal, then we have filtered 
to choose these three journals. As result, we found a total of 44 articles.

3 Conclusion

The sample was organized into three main groups: (i) coteaching in special education; (ii) 
coteaching in the science teachers education; (iii) coteaching is just mentioned to frame some 
science teaching practice.  

The group (i) the practice of coteaching consists of the presence of two teachers in the 
classroom to assist the student with special needs. Thus, there is the main teacher and the 
assistant. Among these articles, there were no one science teaching-related.  

Among the other group (ii) papers, we were able to subdivide them into two other groups: 
(a) coteaching for teaching initiation, in which the pre-service coteachs with the in-service 
teacher; (b) coteaching between two in-service science teachers. In addition, among these (b) 
group, it is common to find interdisciplinary experiences, that is, teachers from different areas 
sharing the same classroom.  

In the last group (iii) we have gathered every paper that just has mentioned the word 
coteaching once or twice as general context. In these cases, authors assume coteaching as 
two-teachers-based classroom experience. Finally, all of them are in science teacher education 
field.  

As a conclusion, these findings allow us to better understand different perspectives of 
coteaching practices in science education, even though it is a limited sample. However, in this 
paper we do aim to start out a literature review rather than to finish it up. From this 
perspective we can also better understand our own research about coteaching which would 
belong to those papers of group (ii)-(a). Thus, our conception of coteaching is similar to Roth 
& Tobin [3] which define coteaching as two or more teachers working on one another’s 
elbow for the purpose of both enhancing student learning over single-teacher instruction and 
learning to teach or develop teaching practices. 
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Abstract. Familiarizing students with the research method can be done with an experimental 
activity based on Fortune Telling Fish. Using such an activity to introduce nanoscopic concepts 
can be a real challenge for instructors and students. The article presents the results of a pedagogical 
research in this respect. 

1 Introduction 

In recent years universities, research institutes, companies and non-governmental organizations 
have been addressing the need to educate new generation in Science, Technology, Engineering, 
and Mathematics (STEM). There has been a focus to develop materials that take into account the 
cognitive development of students and help students understand the scientific method and the core 
scientific models. Recently, experts and committees have recommended exposing students to  new 
technologies (biotechnology, nanotechnology, smart cities, sensing) , because these topics play an 
increasingly important role in society and they are inherently interesting. [1] [2]. 

2 Research Methodology and Results 

The scientific method has been introduced to many students using the mysterious tube [3], and 
while this has been effective, the actual scenario is not very realistic. It would be more interesting 
to get the same results using actual phenomena. The Nanolink organization [4], which promotes 
nanotechnology education in the USA, encourages the use of cellophane "fortune telling" fish for 
this purpose and for exposing students to nanotechnology. The authors set out to see if the 
Nanolink's modules and tens of variants proposed on Internet of virtual environment activities 
could be refined and used in an activity with future elementary school teachers as an way to 
introduce new notions such as macromolecules, nano adsorbent, hydrophilicity and hydrophobia, 
electronic microscopy or atomic force microscopy, nano surface modification, etc. 

Students from Cal Poly who plan to be elementary school teachers are introduced to the fortune  
fish in an hour-warm up activity in an introductory science course not using the NanoLink 
materials. The point of the activity is to have students observe and hypothesize reasons for why 
the fish are curl, roll up or still moving less in their palm or on other surfaces. 

The homework notes of 52 future elementary school teachers were analyzed. Only 23% of 
students achieved an accurate model of how cellophane fish works. The vast majority of students 
(62%) do not understand that fish actually bends, runs or remains immobile depending on the 
amount of water vapor it absorbs, and that in fact a palm that transpires harder for natural reasons 
can make the macromolecules of polymeric fibers to interact with water molecule and make fish 
more moving. 

In order to improve the approach, a new activity was designed taking into account the Nanolink 
module recommendations. This time, the work was carried out with 14 students involved in a 
teaching experience for undergraduates [5]. With one exception, namely a Chemistry student, this 
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was their first experience with the fortune fish. Students received worksheet and in the end 
benefited from a brief interactive tutorial on the surface phenomena and the role of nano 
absorptions and hydrophilicity. Within the homework these undergraduates were asked to clarify 
the model using Internet resources and then present a simplified model to the students with which 
they. Only 35% of students demonstrated an accurate model by successive validation of the 
hypotheses. Only 25% succeed in modeling the phenomenon at micro or nanoscopic level in the 
homework. The feedback (according to the Nanolink post-survey) show that 50% of the students 
strongly agreed and 50% agreed that they understand the scientific method and 70% are interested 
in deepening knowledge in nanotechnology. 

In the third phase of the research, the activity worksheet was refined and was used with a sample 
of 71 future Elementary School students enrolled in science course. The majority of future 
elementary school teachers had done the mystery tube and the warm up activity described in the 
previous paragraph the quarter before. This time the pathway of learning has been orientated to 
the deep understanding of surface processes. Around 82% of students’ experiments have shown 
that different fishes have different behaviors that are dependent on the material from which fish 
are made. In a group activities, students were asked to identify the factors (temperature, humidity, 
electrostatic charge, material characteristics, etc.) that influence the behavior of the magic fish. 
These factors and models were accurately listed in a short class debate and after verified by the 
students in groups of six. Finally, the groups presented in an interactive class activity mediated by 
the instructor the most important discoveries made using the various measuring instruments 
available. As homework, the students surfed on Internet and identified resources offering 
consistent models of magic fish functioning. The same feedback form was used to test the 
satisfaction of respondents. The data interpretation shown that 54% of the students are able to 
propose an accurate model at nano micro level and 87% of students agree that they understand the 
scientific method. Only 40% of the future elementary school teachers are interested in activities 
deepening their knowledge in nanotechnology. The low level of interest comparing with MOST 
students in explained by the biased professional attitude of the liberal arts students considering that 
nanotechnologies is not subject for teaching in elementary school.  

3 Conclusions 

The research has demonstrated that well-known activities can be redesigned so as to lead 
students to deep understanding of phenomena by activating notions and concepts valid at micro 
and nanoscale level. It is just one of the examples that can be implemented at various levels in 
schools and in universities. These activities can open students and teachers appetite for knowledge 
and immersion in nanotechnology. 
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Abstract. The reported study has aimed to explore whether the study of student work may 
enhance teachers’ content knowledge for teaching in the physics laboratory. Thirty-six pre-
service physics teachers participated in the study. They wrote lab reports after performing 
experiments and gave written feedback on actual student lab reports. They also had semi-
structured interviews and all their lesson plans were collected. Data analysis has showed that the 
study of actual student work promotes teacher learning. However, the participants demonstrated 
difficulties in revising lesson plans in light of student current work. Implications for teacher 
education and further research have been discussed. 

Many research studies have documented student difficulties in the science lab [1], as well as 
teachers’ difficulties in teaching in the laboratory [2].

The reported study is a part of a bigger project about how to prepare pre-service physics 
teachers to teach in the physics laboratory. In this paper, we focus on a specific approach related 
to teacher learning, as reported in the literature. We want to encourage teacher learning through 
the study of student work [3]. The literature has shown that having teachers examine student 
work can enhance teachers’ thinking and improve their teaching [4, 5]. 

Thirty-six pre-service physics teachers participated in the study, enrolled in six semesters (six 
participants in each semester). The participants have been considered both as learners and 
teachers [6]. They were provided with actual student laboratory reports across the whole range of 
achievement (low, medium and high). The participants were asked to give feedback to secondary 
student lab reports. The reports were actual reports taken from secondary schools.

Three research questions have guided the study:
(1) What written feedback do teachers provide to actual student laboratory reports?
(2) How does such process help teachers improve their own lab reports? And,
(3) How do teachers develop lesson plans on the basis of current student work to improve 

achievement?

Thus, data sources include:
(1)Student lab reports with the written feedback given by the participants,
(2)Teachers’ laboratory reports,
(3)Lesson plans developed by the participants and,
(4)Semi-structured interviews

Giving feedback has helped pre-service teachers develop a good understanding of the quality 
of a lab report and what is included in each section. Also, the process helps them make the 
transition from undergraduate student to practicing teacher. They reported that they enjoy 
grading and giving feedback. It is a process through which they learn how to improve the 
quality of their own lab reports.

The assessment criteria have been developed during the semester. Through practice and by 
time, they can give detailed feedback. Tasks, like the following, were distributed in the class, 
as homework and in the exam papers. 
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benefited from a brief interactive tutorial on the surface phenomena and the role of nano 
absorptions and hydrophilicity. Within the homework these undergraduates were asked to clarify 
the model using Internet resources and then present a simplified model to the students with which 
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These factors and models were accurately listed in a short class debate and after verified by the 
students in groups of six. Finally, the groups presented in an interactive class activity mediated by 
the instructor the most important discoveries made using the various measuring instruments 
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students to deep understanding of phenomena by activating notions and concepts valid at micro 
and nanoscale level. It is just one of the examples that can be implemented at various levels in 
schools and in universities. These activities can open students and teachers appetite for knowledge 
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Task 1: You, as a physics teacher
Let us say that you just finished teaching the theory of insultion to Grade 11 class. You 
want to teach a lesson to help your students carry out the insultion experiment better and 
improve their written reports, which are similar to the one you gave feedback earlier 
(actual student lab report). 
Prepare a lesson plan to help your students improve their performance while carryinh out 
the experiment (You need to be clear about waht you, as the teacher, and your students 
need to do; teaching goals, learning objectives and the tasks you give them to work on). 

When it comes them to prepare a lesson to address specific weaknesses (as demonstrated in a 
lab report), they do not know how to match the learning goals with laboratory activities.

One senior student with considerable teaching experience in internship schools stated in the 
interview: “Planning a lesson was difficult for me. I needed some guidance to design and plan 
my lesson. I keep the theory simple, so that I teach them laboratory skills. I learned about 
progression in teaching” (teaching sequences).

A few of them had prepared adequate lesson plans. Some senior students were well prepared 
for teaching with adequate lesson plans. They had also prepared stimulating questions to initiate 
thinking and discussion in the class. They were confident to teach about what is included in the 
analysis and explanation of results.

There is considerable improvevement in their laboratory reports and in their lesson plans
during the one term of the program. We have found that studying student work provides helpful 
learning opportunities for teachers to learn what is included in a physics lab report, how to give 
written feedback and how to revise their teaching plans to support student learning. In a few 
words, teachers enjoyed giving feedback and through such process they improved their own lab 
reports. Furthermore, they learned how to develop lesson plans to help students with specific 
weaknesses. Thus, such approach enhanced teacher learning.

The analysis of feedback that teachers give to actual student lab reports have provided 
evidence that studying students’ lab reports promotes teacher learning as Little and her 
collaborators showed [7, 8]. In particular, in this study, the participants have developed content 
knowledge needed for teaching in the laboratory. The benefits of studying student work range 
from powerful pre-service teacher education experiences, deeper understanding of how to give 
feedback and improvement of their lab reports. The evidence strongly suggests that the practice 
of studying student work is viewed by teachers as a way to improve the quality of teacher 
learning and preservice teacher education. However, the analysis of how they reviewed their 
instructional decisions demonstrated challenges and specific difficulties when they were asked to 
plan a lesson based on students’ current lab reports. This is related to the fact that the participants 
have demonstrated restricted teaching experience. Further research is needed to follow the 
participants in their first years of teaching in a proper school post.
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Abstract. Since 2016 the students enrolled to introductory physics courses at Loránd Eötvös 
University (ELTE) are tested with Mechanics Baseline Test (MBT). It is used as pre-test at the 
beginning of the first semester and as post-test at the beginning of the second one. In this study an 
account is given about the newest results of the test and about our endeavor to make introductory 
courses more effective. 

1 Introduction 

According to nation-wide surveys the level of physics knowledge of secondary school 
students has continuously decreased in the last 20 years. There are several reasons for that. 
First, it is well known that the students’ attitude towards science including physics is now 
quite negative. This is especially true for Hungary, where the unpopularity of physics has 
been increasing. This strongly influences the physics knowledge of the students enrolled to 
universities. However, there are other problems. The learning mechanism and the ways 
students obtain information have also changed nowadays. The lifestyle and socialization of 
the new generation of students (Net Generation) are strongly different from those of the 
earlier ones. They “socialize on colorful, rapidly changing, exciting films and hypes full of 
movements, they have got used to watching one-tenth-second-long scenes rather than longer 
ones” [1] therefore the methods, which were effective 20 years ago are no longer effective, 
and the consequences are well noticeable even at universities. Thus we should seek new and 
adequate methods to arouse and even more keep the interest of our students. 

2 Methods

Mechanics Baseline Test (MBT) constructed by Hestenes and Wells [2] has been used all 
over the world to assess the level of understanding of basic mechanical concepts. It is 
universal in a sense that students at any level can be tested by it (except for students at 
advanced physics curses). It can be used either as a placement test or for post-instruction 
evaluation.  

Since 2016 the students enrolled to introductory physics courses at Eötvös University 
(ELTE) are tested with MBT. We use it to estimate the physics knowledge of the first year 
students with major of Earth Sciences, Physics and Physics Teaching. Students are tested on 
the first week of the semester when they have introductory physics courses (pre-test), and also 
the effectiveness of the introductory physics courses is measured by testing them at the first 
week of the following semester (post-test). Only basic parameters, like the mean value or 
standard deviation were calculated and the group as a whole was evaluated of the first 
surveys. The MBT was also used to determine the topics which are extremely difficult for 
students at ELTE in kinematics and dynamics in order to give special attention to these topics 
at practice lessons. [3].
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Task 1: You, as a physics teacher
Let us say that you just finished teaching the theory of insultion to Grade 11 class. You 
want to teach a lesson to help your students carry out the insultion experiment better and 
improve their written reports, which are similar to the one you gave feedback earlier 
(actual student lab report). 
Prepare a lesson plan to help your students improve their performance while carryinh out 
the experiment (You need to be clear about waht you, as the teacher, and your students 
need to do; teaching goals, learning objectives and the tasks you give them to work on). 

When it comes them to prepare a lesson to address specific weaknesses (as demonstrated in a 
lab report), they do not know how to match the learning goals with laboratory activities.

One senior student with considerable teaching experience in internship schools stated in the 
interview: “Planning a lesson was difficult for me. I needed some guidance to design and plan 
my lesson. I keep the theory simple, so that I teach them laboratory skills. I learned about 
progression in teaching” (teaching sequences).

A few of them had prepared adequate lesson plans. Some senior students were well prepared 
for teaching with adequate lesson plans. They had also prepared stimulating questions to initiate 
thinking and discussion in the class. They were confident to teach about what is included in the 
analysis and explanation of results.

There is considerable improvevement in their laboratory reports and in their lesson plans
during the one term of the program. We have found that studying student work provides helpful 
learning opportunities for teachers to learn what is included in a physics lab report, how to give 
written feedback and how to revise their teaching plans to support student learning. In a few 
words, teachers enjoyed giving feedback and through such process they improved their own lab 
reports. Furthermore, they learned how to develop lesson plans to help students with specific 
weaknesses. Thus, such approach enhanced teacher learning.

The analysis of feedback that teachers give to actual student lab reports have provided 
evidence that studying students’ lab reports promotes teacher learning as Little and her 
collaborators showed [7, 8]. In particular, in this study, the participants have developed content 
knowledge needed for teaching in the laboratory. The benefits of studying student work range 
from powerful pre-service teacher education experiences, deeper understanding of how to give 
feedback and improvement of their lab reports. The evidence strongly suggests that the practice 
of studying student work is viewed by teachers as a way to improve the quality of teacher 
learning and preservice teacher education. However, the analysis of how they reviewed their 
instructional decisions demonstrated challenges and specific difficulties when they were asked to 
plan a lesson based on students’ current lab reports. This is related to the fact that the participants 
have demonstrated restricted teaching experience. Further research is needed to follow the 
participants in their first years of teaching in a proper school post.
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3 Results 

In this study we continued to map the factors that may have an influence on the physics 
knowledge of ELTE students, such as the number of students in a mechanics practice group, 
the level of math knowledge at the time of their enrolment, their gender and so on. For this 
more detailed investigation the previously applied evaluation method was not sufficient, 
therefore codes were introduced to follow the performance of each individual. In addition, the 
results were evaluated by the SPSS software.  
 

Fig. 1 The results of the Mechanics Baseline Test written at ELTE (Error Bars: 95% CI)

The results of the tests in 2016/17 and 2017/18 show that the difference between the pre- 
and post-tests’ mean scores were only about 10% (Fig. 1) suggesting that the instructions 
given at these introductory courses were not effective (except for the students in Teacher 
Training courses in 2016/17). In order to improve these courses, new activities were 
introduced to the conventionally delivered lectures to enhance the students’ engagement. The 
post-test for measuring the effectiveness of the new approach were executed on the week of 
the deadline of the abstracts, so the results could not be included in the present paper.

4 Conclusion 

This research provides information about the physics knowledge of first year university 
students in Hungary and demonstrates the efforts to improve the performance of the students 
during a semester. The data obtained by MBT are evaluated by SPSS. The detailed statistical 
analysis includes the follow-up of the performance of the students, who wrote the pre- and 
posttest. Finally, a shortened version of the original MBT will be also presented. 
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Abstract. Dissemination of reformed curriculum requires teachers to feel that they have the freedom 
to implement the curriculum in the classroom. Even instructors who are trained in research-based 
instruction and are convinced of its value might fail to implement the curriculum in the classroom if, 
for example, they feel a lack of support from their school or colleagues. In this talk, we will report on 
the validation process of a survey designed to measure a "teacher's or pre-service teacher's perceived 
agency“, which we define as “a feeling of being in control over what is taught and of how it is taught.”

1 Motivation

What are the factors that affect whether research-based curriculum and pedagogical approaches 
are disseminated or not? Perhaps the most immediately-available explanation lies with the 
pedagogical knowledge or beliefs of the instructors themselves. Many physics instructors resist 
reformed approaches to teaching physics because they assume that the traditional instruction that 
was effective for them will be effective also for their students. However, even if a teacher is 
convinced of the value of research-based instruction and is trained in how to apply it, what 
ultimately matters is whether or not the teacher actually does apply it. Biesta et al write that many 
teachers are faced in the school with a “mishmash of competing and vague ideas – personalization, 
choice, learning, subjects, etc.”, “are regularly left confused about their role”, and hence tend to 
think more about short-term obligations and less about the long-term purposes of education [1]. We 
can thus imagine a teacher who thinks "well, I know that it would be better for these students to 
learn this topic using the technique I was trained in, but doing that would take up more time, and we 
have a tight schedule.“ In many countries, the class time necessary to cover the wide breadth of 
topics put forth by national standards makes the use of research-based curriculum prohibitive, as 
interactive engagement typically requires more time. Other teachers may hesitate to use reformed 
curriculum out of consideration of the status quo. High school physics teachers graduating from 
Tokyo Gakugei University (TGU) have reported feeling pressure to teach in the traditional style
used by other teachers at their school instead of with the research-based curriculum they learned as 
pre-service teachers. We use the construct of "agency“ to describe these kinds of hesitations that 
teachers might exhibit. That is, we define “perceived (teacher) agency” to be “a feeling of being in 
control over what is taught and of how it is taught.” A teacher with a weak sense of agency, then, 
feels controlled in this regard, either by the education system, colleagues at the school, or by other 
factors including parent or student expectations or the curriculum itself.

2 Perceived Agency Survey Design and Validation

As discussed in detail in [2], the Perceived Agency Survey was inspired by two existing surveys 
which measure agency in other contexts. The first survey, the Ownership Measurement 
Questionnaire, was created by Milner-Bolotin to measure the feelings and beliefs of non-science 
majors who worked on a group project for a physical science course [3]. The second survey, 
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3 Results 

In this study we continued to map the factors that may have an influence on the physics 
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therefore codes were introduced to follow the performance of each individual. In addition, the 
results were evaluated by the SPSS software.  
 

Fig. 1 The results of the Mechanics Baseline Test written at ELTE (Error Bars: 95% CI)

The results of the tests in 2016/17 and 2017/18 show that the difference between the pre- 
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introduced to the conventionally delivered lectures to enhance the students’ engagement. The 
post-test for measuring the effectiveness of the new approach were executed on the week of 
the deadline of the abstracts, so the results could not be included in the present paper.
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This research provides information about the physics knowledge of first year university 
students in Hungary and demonstrates the efforts to improve the performance of the students 
during a semester. The data obtained by MBT are evaluated by SPSS. The detailed statistical 
analysis includes the follow-up of the performance of the students, who wrote the pre- and 
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Perceived Choice and Awareness of Self Scale, includes questions which measure whether or not 
one perceives a sense of choice behind his or her actions [4]. As an example, one of the prompts 
from the Ownership Measurement Questionnaire was “I feel responsible for the in-depth 
exploration of the project-topic ” ([3], p. 172), which is similar to item 14' of the Perceived Agency 
Survey: “I feel responsible for making my students think deeply.” Other prompts were added based 
upon teaching experiences known by Hull and Uematsu to be wide-spread, such as item 7: “I need 
to listen carefully to the demands of the parents of my students to make sure I’m teaching what they 
want their children to learn.” The survey utilizes a paired-prompt format. For example, item 7 is 
paired with item 7': “Parents should not tell me what or how to teach – I am the expert, not them.” It 
should be pointed out that, unlike conceptual surveys like the Force Concept Inventory [5], a 
"perfect“ score on the agency survey is not necessarily something desired by educators of pre-
service teachers. One might argue that, regarding prompts 7 and 7', it is undesirable to either 
“strongly agree” or “strongly disagree”, as a teacher should consider the wishes and suggestions of 
parents while still drawing upon his or her own expertise as a teacher. We view the quantitative 
measurement of perceived agency then not as in setting a goal that “more is better”, but rather as an 
important step in describing an attribute relevant for teacher actions in the classroom.

The Perceived Agency Survey was originally created in first English and then Japanese for pilot 
administration to pre-service teachers both at the University of Vienna (UV) and at TGU in the 
spring 2018 semester. The fall 2018 semester, it was translated into German and used with a 
succession of survey validation interviews. After each interview, the interviewer (Vormayr) met 
with the PI of the project (Hull) to discuss suggestions for modification to the survey in light of the 
interview. Changes were subsequently made to the survey, and the revised survey was then used for 
the next survey validation interview. This cycle repeated five times throughout the fall 2018 
semester. The survey was then further validated by administering it to 10 university faculty who 
teach and advise pre-service teachers. Specifically, they were first told to "imagine someone who 
strongly feels he/she is in control in the classroom. She/he is the one who chooses what is taught 
and how it is taught, not some other factor. How would this person answer the following 
questions?“ Finally, this survey was administered to pre-service teachers at UV the spring 2019 
semester to seek confirmation that the items on the questionnaire are valid [5] and that the validity 
of the test as a whole is accounted for ([6], p.235). This data was then used to investigate validity of 
the agency construct itself via factor analysis. Finally, reliability of the instrument was calculated 
using Cronbach's alpha. In this talk, we will discuss the results of these statistical tests.
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service teachers. One might argue that, regarding prompts 7 and 7', it is undesirable to either 
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parents while still drawing upon his or her own expertise as a teacher. We view the quantitative 
measurement of perceived agency then not as in setting a goal that “more is better”, but rather as an 
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with the PI of the project (Hull) to discuss suggestions for modification to the survey in light of the 
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teach and advise pre-service teachers. Specifically, they were first told to "imagine someone who 
strongly feels he/she is in control in the classroom. She/he is the one who chooses what is taught 
and how it is taught, not some other factor. How would this person answer the following 
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Harnessing the expertise of recently retired physics teachers to 
mentor beginner teachers 

Daniel COTTLE 

University of Birmingham, Schools of Physics and Education, Edgbaston, Birmingham, B15 2TT, 
United Kingdom 

Abstract. Recently retired physics teachers are recruited and trained through the teacher 
education department of a university in the midlands of England to provide physics subject 
specific mentoring for early career physics teachers. Research is ongoing to understand any 
effects on the retention of teachers in the profession and effective ways of harnessing the 
expertise of experienced teachers who would like to contribute in this way. 

1  Background 

Well known studies have highlighted the international shortage of physics teachers [1]. This is 
a particularly acute problem faced in England where recruitment has not matched 
requirements for a number of years and retention is becoming a serious issue [2]. One of the 
reasons for this is lack of support and feeling of isolation [3] leading to physics teachers 
leaving the profession at a greater rate than teachers of other subjects. Physics subject–
specific support is particularly highlighted. Studies have also shown the positive effect of 
mentoring on early career physics teachers [4]. Hillier, de Winter and Twidle [5] also find that 
“integration into the physics teaching profession alongside another experienced physics 
teachers” has a significant impact on retention of physics teachers within the profession and is 
currently lacking for many beginner teachers.  

In normal circumstances, much of the craft knowledge of teaching is passed from 
experienced practitioner to beginner through extensive on the job coaching often in the 
context of school science departments [6]. However in the United Kingdom many newly 
qualified Physics teachers find themselves as the sole teacher of Physics in large school 
science departments with no colleagues to consult or discuss physics pedagogy [3]. The 
intention of this work is to study whether a group of recently retired physics teachers, after 
suitable training, can help to address the issue by providing the mentoring and connection 
identified as a need. 

2  Project Details 

The proposal to support beginner physics teachers at an early stage in their career is explored 
in the form of an ongoing pilot project to recruit and train a cohort of recently retired physics 
teachers who can act as mentors. This pilot is facilitated by the Department of Teacher 
Education and School of Physics in a United Kingdom university. 

It is proposed that there are some older physics teachers reaching the end of their 
careers who would still like to be involved in education and feel that they have much to offer 
in the way of advice and support to younger colleagues. In addition that there is a cohort of 
early career physics teachers who are willing to engage in mentoring and support. Harnessing 
these populations is strategic for the university due to its strong alumni network, partnerships 
of schools participating in the training of teachers and public outreach activity. Several retired 
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teachers were contacted through these routes and invited to the university for an afternoon 
setting out the aims of the project and were given brief training on mentoring. These teachers 
all have some considerable years’ experience in teaching secondary physics and come from a 
variety of backgrounds with the common characteristic of being either graduates of either 
undergraduate or post-graduate courses in physics or physics teacher education from the 
university. No monetary remuneration was offered to these people. They are volunteers and 
are offered only the opportunity to gather at their alma mater and discuss physics teaching for 
an afternoon with like-minded colleagues before visiting their allocated school and teacher. 

Beginner physics teachers in schools were contacted in a similar way and matches 
were made between the two based on geography and availability. The expectation was that 
there would be a minimum of one visit by the mentor to the school per academic term 
(although it is hoped there will be more as relationships develop) for a period of one year. 

Semi-structured interviews are held in person or by telephone with the mentees and 
mentors regularly to explore the nature of discussions and the attitudes of the participants to 
the project. Initially this is after every visit although the intention is to reduce this to regularly 
scheduled termly updates when the project is established. 
 
 
3. Progress 

The project is at an early stage. Initial feedback from participants is currently being sought 
and further participants are being recruited. Reported enthusiasm from the mentors and 
mentees is high. However problems identified so far are the limited time availability of both 
mentors and mentees and the limited number of mentors geographically located near enough 
to mentees to facilitate regular visits. Mentees in school have limited free time during the 
school day and high workload, although are present in school every day. Mentors are often 
located geographically further away from the schools and have personal commitments making 
finding regular time slots for visits difficult. Exploring ways of overcoming these issues 
through the use of communications technology is ongoing.  

It is hoped that findings from this project may lead to new models of mentoring and 
support for beginner physics teachers that can have a positive effect on the recruitment and 
retention crisis. 
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The influence of high school teachers on the representations of 
future physics teachers on the role of an "exemplary teacher"  

Roberto NARDI, 
Jéssica dos Reis BELÍSSIMO 

Fabiano Willian PARMA 

UNESP – São Paulo State University, School of Sciences, São Paulo, Brazil

Abstract. We present here results of a longitudinal study which sought to follow a group of 
future physics teachers of a State University in São Paulo, Brazil, from the beginning to the 
conclusion of their graduation program . We analyzed the possible variations in their 
imaginaries about aspects related to a possible 'exemplary teacher'. Data collection was carried 
out through questionnaires and were treated through French Discourse Analysis, originated by 
Pêcheux and developed in Brazil by Orlandi and other researchers. The results show that the 
characteristics of an "exemplary teacher" appear in student discourses when referring to their 
high school teachers.

1 Introduction  

We highlight here part of a longitudinal study, which sought to accompany a class of future 
physics teachers from a public university, from the beginning to the conclusion of their 
graduation program, in order to understand how the research has been introduced or 
interfering in the initial training of these future teachers.  

In this paper, we seek to analyze the representations of the participants in the graduation 
program about the role of an 'exemplary teacher' in Physics. We justify the choice for this 
research question because some of the graduates in the sample affirmed that they chose the 
Physics course by influence of their teachers in basic education. The data analyzed here were 
collected through a questionnaire applied at the beginning of the study, when the students 
enrolled in the course and, therefore, were recent high school leavers.  

Data were treated by Discourse Analysis, originated by Pêcheux [1] and developed in 
Brazil by Orlandi et al. [2] We compare the representations of the students with five 
dimensions that characterize an "exemplary teacher", according to the literature in the area of 
science education.  

2 Methodology 

For the constitution of the data, the research took on a qualitative approach, in the sense 
defined by André [3] and Flick [4]. The data were obtained through questionnaires, involving 
a sample of undergraduate Physics students, preparing to become high school teachers. 

Four data collection events took place every year for four consecutive years. The first 
occurred in 2014, when the undergraduates entered university, in the course called 
“Methodology and Practice of Teaching Physics I”. The other questionnaires were 
administered at the beginning of 2015, 2016 and 2017, in the courses “Methodology and 
Practice of Teaching Physics” III and V, and “Didactics for Science”, taught in the first 
semester of each year. 

H06-2

teachers were contacted through these routes and invited to the university for an afternoon 
setting out the aims of the project and were given brief training on mentoring. These teachers 
all have some considerable years’ experience in teaching secondary physics and come from a 
variety of backgrounds with the common characteristic of being either graduates of either 
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3 Data Analysis 

We report in this paper presentation the answers given by students to two questions in the 
questionnaires:

● How do you rate the performance of the physics teacher you had in high school? 
What methods did he/she use to teach physics? Did you consider these methods good? 
Why? 

● The literature on research in Science Education speaks of "exemplary teachers". 
What would be an "exemplary teacher" for you? 

The questionnaires were answered by 49 students; however, we selected answers from the 
students who assigned their high school physics teachers had had an influence on their choice 
for taking the physics course.

The study shows the influence of the teacher of Basic Education, especially during High 
School, in the discursive formation of the licensees (future high school physics teachers). In 
describing the performance and methods used by their former physics teachers in high school, 
they highlight points they approve of and others they criticize. When asked about what an 
"exemplary teacher" is, the students who are on display are present, even if discreetly, in their 
discourses. 

We also note that the discourse of the graduates does not appear in positions that reflect the 
professional dimension, perhaps because it is personal to the teacher, of his own formation 
education. This dimension ends up reflecting in their other actions. Another point of emphasis 
is the lack of physics teachers, or teachers with training in other areas of Physics. This fact 
seems to limit the teacher-student relationship and discourage them. It is worth noting that 
Kussuda’s [5] studies on the professional choice of physics graduates point to the seriousness 
of the issue, even in states where the number of degrees is adequate and there should be no 
shortage of teachers for this subject, such as São Paulo State, in Brazil. 

4 Conclusion

The results show that the characteristics of an "exemplary teacher" appear discreetly in 
student discourses when referring to their high school teachers. In addition, it is also possible 
to observe the influence of teachers in basic education on teacher education and on the 
imaginary formations of students concerning teaching practice. 
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teaching programs 
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UNESP – São Paulo State University, School of Sciences, São Paulo, Brazil 

 

Abstract. In this study, we looked for general information on teaching and research on the teaching of Physics in                                     

Brazil in order to draw up an updated overview, with data about the main activities developed in the field of                                       

Physics teaching, the approximate number of physicists and physics teachers working in the country, journals,                             

events and undergraduate programs in the area. 

 

1 Introduction 

 

The most systematic concern with teaching and research in physics teaching in Brazil                         

began to take shape in Brazilian universities in the 1960s, with the first dissertations and                             

theses on the subject and the subsequent appearance of the first national event on teaching,                             

The National Symposium on Physics Education (I SNEF), held at the Institute of Physics of                             

the University of São Paulo (IFUSP) in 1970. The decisions taken by this symposium,                           

promoted and organized by the Brazilian Society of Physics (SBF), were extensive; one of                           

them was the edition of the first periodical in the area, in 1979: the Journal of Physics                                 

Teaching, according to authors who have researched the factors that contributed to the origins                           

of research in the area [1]. 

 

2 Methodology  

 

This information is important, for example, to conceive of ways for the improvement                         

of the physics teaching as well as to propose new studies on the subject. It is also intended to                                     

extend the study to other physics societies in 55 other countries now members of the                             

International Union of Pure and Applied Physics (IUPAP), since the Education Commission                       

of this society (ICPE) has already expressed an interest in this issue. The research is supported                               

by SBF's Board of Directors, through its Secretariat for Teaching Affairs, which provided a                           
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3 Data Analysis 

We report in this paper presentation the answers given by students to two questions in the 
questionnaires:

● How do you rate the performance of the physics teacher you had in high school? 
What methods did he/she use to teach physics? Did you consider these methods good? 
Why? 

● The literature on research in Science Education speaks of "exemplary teachers". 
What would be an "exemplary teacher" for you? 

The questionnaires were answered by 49 students; however, we selected answers from the 
students who assigned their high school physics teachers had had an influence on their choice 
for taking the physics course.

The study shows the influence of the teacher of Basic Education, especially during High 
School, in the discursive formation of the licensees (future high school physics teachers). In 
describing the performance and methods used by their former physics teachers in high school, 
they highlight points they approve of and others they criticize. When asked about what an 
"exemplary teacher" is, the students who are on display are present, even if discreetly, in their 
discourses. 

We also note that the discourse of the graduates does not appear in positions that reflect the 
professional dimension, perhaps because it is personal to the teacher, of his own formation 
education. This dimension ends up reflecting in their other actions. Another point of emphasis 
is the lack of physics teachers, or teachers with training in other areas of Physics. This fact 
seems to limit the teacher-student relationship and discourage them. It is worth noting that 
Kussuda’s [5] studies on the professional choice of physics graduates point to the seriousness 
of the issue, even in states where the number of degrees is adequate and there should be no 
shortage of teachers for this subject, such as São Paulo State, in Brazil. 

4 Conclusion

The results show that the characteristics of an "exemplary teacher" appear discreetly in 
student discourses when referring to their high school teachers. In addition, it is also possible 
to observe the influence of teachers in basic education on teacher education and on the 
imaginary formations of students concerning teaching practice. 
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document to researchers in order to facilitate the collection of data from various sources.                           

Thus, in addition to the data collected with SBF, others were obtained from institutions such                             

as the Ministry of Education and Culture (MEC), the Brazilian Institute of Geography and                           

Statistics (IBGE) and the National Institute of Pedagogical Studies (INEP). This, we                       

understand that the data to be collected in this study can point to future actions by the                                 

aforementioned institutions or, at an academic level, to value Physics and its teaching,                         

reducing the disparities in and challenges for this area that arise in the country. 

 

3 Data Analysis 

 

The data already collected make it possible to produce graphs such as the one above,                             

in which it is evident that the relation between the number of students at the secondary level                                 

and the number of undergraduate courses is more significant in the states of Bahia, São Paulo,                               

Mato Grosso, and Ceará, in this order. It is noted, for example, that the state of São Paulo, one                                     

of the most populous and economically privileged in the country and despite its highest                           

number of undergraduate programs in Physics, has one of the highest student ratios per                           

undergraduate program. That is, this demand is more worrying than for the states of Roraima,                             

Paraíba, Federal District, among others. 
 

4 Conclusion   
 

The results show the need to increase the demand of physics teachers so that we have                                 

properly trained teachers in the country's schools, increasing the quality of teaching physics. 
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document to researchers in order to facilitate the collection of data from various sources.                           

Thus, in addition to the data collected with SBF, others were obtained from institutions such                             

as the Ministry of Education and Culture (MEC), the Brazilian Institute of Geography and                           

Statistics (IBGE) and the National Institute of Pedagogical Studies (INEP). This, we                       
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3 Data Analysis 

 

The data already collected make it possible to produce graphs such as the one above,                             
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Mato Grosso, and Ceará, in this order. It is noted, for example, that the state of São Paulo, one                                     

of the most populous and economically privileged in the country and despite its highest                           
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4 Conclusion   
 

The results show the need to increase the demand of physics teachers so that we have                                 
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Abstract. The primary teachers’ proficiency is based on different disciplinary areas and 
cultural spheres related to each other. The scientific education on primary level proves to be a 
challenge. The weak competence in the mathematical and scientific scope has to be 
transformed into the capacity to offer a grounded scientific education and mathematical 
instruction, accompanying the disciplines with concrete examples from everyday life. We did 
an investigation about basic ideas reached after the courses of didactics of mathematics and 
didactics of physics, in order to study the problem of how to improve the awareness about the 
interplay between mathematics and physics.  

1. Introduction  

Mathematics and physics are two disciplines that are structurally related to each other. 
Therefore it is very important to make this correlation clear in the prospective primary 
teachers. In fact, the education in primary school has the important role to lay the basis of the 
children’s awareness about the scientific description of the world including an insight into 
formal thinking. However, many international studies show that often primary school teachers 
show scientific illiteracy and a lack of motivation for scientific studies. As teachers’ 
professional development is one of the most important aspects for improving education [1, 5, 
6] we look for ways to impart the interplay of mathematics and physics to prospective 
primary teachers. Because in the education of prospective primary teachers, the scientific 
education is very weak, this requires a balance between theoretical background of the 
interplay between physics and mathematics and practical aspects with respect to teaching with 
the overarching goal to give children the tools to notice and to use this interplay. 
Physics is considered as a science relying on experiments and on formalization. Mathematics 
on its part is characterized by deduction and logical procedures. These disciplines are taught 
from two different perspectives with different aims and the link between mathematics and 
physics is expected to happen automatically [3, 4]. The main problem is the translation 
between the concrete physical phenomena and the abstract mathematical world [2]. In order to 
attack this inherent difficulty different roles of mathematics in the construction of the physical 
world description should be highlighted: a technical, a structural and a representational one. 
Students and teachers should be aware of the specifics of these roles in the physical method. 

2.   Description of study 

The goal of the study was to analyse the preliminary ideas of prospective primary teachers 
concerning the interplay of mathematics and physics. The research questions were: 1) how 
sort of  ideas on the Math and Phys interplay PPT express after the basic courses of math and 
phys education in their degree?  2) How PPT describe the role of mathematics in physics after 
after being taught explicitly about the interplay? 
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2.1  Method 

As the specific topic of the study is not intensely researched until now we undertook an 
exploratory study. The study involved 100 students attending the course of didactics of 
physics at the third year of the primary education degrees at the University of Udine (Italy). 
They were first given a question about the interplay between mathematics and physics on the 
basis of courses on didactics of physics and didactics of mathematics. Then a specifically 
designed short intervention took place consisting of a module of 4 hours with two 
presentations. It was based on relevant research literature and included a reflection on 
different roles of mathematics for the physical world description. In order to embed this 
theoretical discussion into practice the students were asked to analyse primary school 
textbooks with respect to the described roles of mathematics and physics. After the 
intervention the students answered to a second, more detailed, questionnaire composed of six 
questions as part of the examination of the course. The students’ answers were analysed 
qualitatively by inductively generating categories.  

2.2  Results  

During the analysis of the data nine different categories, partly with subcategories, could 
be derived. These included theoretical aspects such as epistemology of mathematics or 
physics, correlations or differences between math and phys or representational aspects and 
practical aspects such as relevance for teaching at primary school. In the analysis we observed 
an increase in the variety of answers given between the first and the second questionnaire. A 
detailed description will be given in the presentation. 

3.    Conclusion  

From the answers obtained from the prospective primary teachers we had the opportunity 
to think about the effects of introducing them to the importance of the interplay between 
mathematics and physics. The comparison of the answers given for the two questionnaires 
demonstrates an improvement of the awareness of the different roles mathematics can play in 
its interaction with physics and of the didactic aspects. This study evidencied how relevant is 
a meta-reflection on subject education and the identification of epistemological and education 
aspects so that they will be able to work in a conscious and careful way.  
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International study on high-school science  
teachers’ conceptions of the atomic model 

Jeff WIENER 

CERN, European Organization for Nuclear Research, Geneva, Switzerland

Abstract. We have conducted a large-scale international study with more than 1100 in-service 
high-school science teachers from more than 60 different countries to document their conceptions 
of the atomic model. First, a qualitative pre-study was performed to gather information on their 
preferred atomic models by means of a Draw-An-Atom test and selected one-on-one interviews, 
based on which a questionnaire with single-choice questions was developed. Our preliminary 
findings indicate that high-school teachers have several different conceptions of the atomic 
model. We will present the final results of our study at the conference.  

1. Introduction 

The particulate nature of matter is considered to be a fundamental topic in science, and in 
particular in science education [1, 2]. SpeciÞcally, due to its abstract nature, the particulate 
nature  of  matter  is  a  prime candidate  for  educators  to  put  a  strong  emphasis  on  model-
building in science, which is considered to be a key process in the development of scientiÞc 
knowledge [3, 4]. However, studies of studentsÕ conceptions about the particulate nature of 
matter  have  repeatedly  shown  that  middle  and  high  school  students  have  signiÞcant 
difÞculties in establishing an adequate understanding of particle models [5, 6]. These are quite 
challenging Þndings, leading to continued physics education research in the Þeld of particle 
physics.  Indeed,  following  the  framework  of  constructivism,  it  is  indispensable  to  take 
documented studentsÕ conceptions into account and to focus instructional strategies on already 
existing conceptions [7].

However,  while  studentsÕ conceptions  have received ever-increasing attention from the 
physics  education  research  community,  little  is  known  about  the  conceptions  of  physics 
teachers [8]. Therefore, we decided to add another layer to the ongoing education research in 
the Þeld of  particle  physics,  by investigating the conceptions of  the atomic model  of  in-
service high-school science teachers from all around the world. 

2. Methods 

We conducted our research at CERN, the European Laboratory for Particle Physics, which 
provides an ideal setting for our physics education research. Indeed, every year, CERN offers 
various  professional  development  programmes for  in-service  high-school  science  teachers 
from all around the world and every year about 1000 teachers travel to Geneva, Switzerland 
to take part in our programmes. Hence, we were able to implement our research into the 
various teacher programmes, which allowed for continuous data collection. 

First, a qualitative pre-study was performed with 198 teachers from 12 different countries to 
gather information on their preferred atomic models by means of a Draw-An-Atom test [8]. In 
addition, we conducted 24 one-on-one interviews with selected teachers who volunteered to 
discuss their drawings with us. In doing so, we replicated a previous study on teachers’ mental 
models of atoms [8] and gained detailed insight into teachers’ mental models about the atomic 
model. 

Based on the results of the pre-study, we developed a short questionnaire with single-choice 
questions about a) teachers’ conception of the atomic model, b) their knowledge about students’ 
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conceptions of the atomic model, and c) their use of atomic models in the classroom. Hence, in 
addition to documenting teachers’ conceptions of the atomic model, our study further aims to 
investigate dimensions of teachers’ pedagogical content knowledge (PCK) about atomic models. 

Data collection for the main study commenced in June 2018 and has been going on since then 
on an almost weekly basis. To date, more than 700 high-school teachers have already 
participated and we expect to conclude the main study in June 2019. By then, more than 1100 
high-school teachers from more than 60 different countries will have participated in our research.  

3. Preliminary Results & Outlook 

Our preliminary findings indicate that high-school teachers have several different conceptions 
of the atomic model. Indeed, we identified six different atomic models, which were mostly 
mentioned by the teachers. These are the Orbital model (19%), the Rutherford model (19%), the 
Probability model (18%), the Bohr model (17%) and the Wave model (12%). In addition, 
another 13% of the teachers’ answers point to a mixed model of the Bohr model and the 
Probability model. 

When looking at teachers’ knowledge of students’ conceptions of the atomic model, however, 
we found very clear results. Indeed, our findings show that 48% of all teachers consider the Bohr 
model to be the most prominent choice among their students. Along the same lines, we found 
another 36% for the Rutherford model. In comparison, the remaining models were mentioned 
only rarely. 

Moreover, we found a very similar pattern when analysing the teachers’ answers regarding 
their preferred atomic model to be used in the classroom. Here, the Bohr model was the 
outstanding favourite, with 48% of all teachers mentioning it as their preferred choice. The 
Rutherford model received another 21%, while the Orbital model was only mentioned by 9%, 
the Wave model by another 8%, and both the Probability model and the mixed model were 
mentioned by 7% of all teachers, respectively.

We will continue data collection until June 2019 and in addition to documenting teachers’ 
conceptions of the atomic model, we will also perform a quantitative analysis of our full data set 
to look for potential significant differences among various groups of teachers. This analysis will 
focus on teachers’ nationalities, gender, teaching subjects, teaching experience and attitude 
towards particle physics. The final results of our international study will be presented in detail at 
the GIREP2019 conference.
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A special method of teaching Physics: Outdoors 
radioactivity measurement 

Gábor GARAMHEGYI
Dénes Gábor Secundary School, H-2117 Gábor Dénes köz 1. Isaszeg, Hungary

Abstract. Safecast is an outdoors radioactivity measurement project that represents a long-term 
and effective way of informal teaching of Physics outside classroom environment. Its aim is to 
increase people’s sense of security after the nuclear accident known as “The Fukushima Dai-
ichi disaster”. It is also built on the crowdsourcing model. The implemented project is a decent 
combination of formal and informal learning, based on the model of research-based teaching. 

1.Introduction and Theory 

Nowadays we all live in the influence of the media (eg.: tv, Internet, etc). However this 
influence is not filtered either by ages or scientific and pseudo-scientific content. This task is 
entirely left for schools. A traditional school is forced to take a step. A good school should 
not only teach its students, but also educate its environment and the society. Besides 
spreading knowledge, schools have to cater for the need of acquiring, systemising and 
interpreting available information.  We need to decrease the distance between formal and 
informal ways of teaching. [1] This phenomenon is connected to the increasing effect of 
science and technology experienced in everyday life. 

2.Concept and Implementation 

More than a decade ago, I recognised that students can be motivated by those issues they are 
personally affected by. The realization led to the school project of radioactivity measurement. 
Such topic can be nuclear radiation that we live in. This topic has a lot of interdisciplinary 
connections - just as topics in environmental physics usually. First (connected to other 
projects) we started the measurement with detectors that we have stationed in houses for 3 
months and we measured the radon activity values. (Fig.1.) We went on with this for multiple 
years in 300 houses in a small town called Isaszeg. We could prove that the changing of the 
seasons can cause massive change in the activity values. In houses that are rarely ventilated, 
the radon concentration increases. The value of the measurements was decreased by the fact 
that half a year has passed between the settlement of the detectors and the evaluation. 
We did not have the opportunity of instant reference and feedback. We did attitude surveys in 
2009 and 2018. In both years, we asked 400 people (between 28 and 54 settlements) about 
the acceptation of nuclear power and radiation. We noticed a unique contradiction between 
the demand of developed nuclear technologies and the societal attitude declining these. After 
the disaster of Fukushima, people’s nuclear sense of security has decreased in a global extent.
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Safecast project, based on the crowdsourcing model, is a successful initiative worldwide for 
the restoration of trust. Members of the project build their own trustworthy (Fig.2. and Fig.5.) 
radiation meter. The data measured in every 5 seconds can be read immediately, stored on 
micro SD cards and uploaded to a publicly accessible database. Results of the measurement 
can be viewed by people all around the world on Google Maps and they are incredible 
impressive. (Fig.3. and Fig.4.) 

3.Objects and Assessment 

After our 1-year observation, we were able to encourage 20% of inactive students to 
participate in Safecast project – using an informal teaching style. In groups of 20 and 25, the 
sense of nuclear safety of members increased 18% and 22%. 

4. Acknowledgements 

This study was founded by the Content Pedagogy Research Programs of the Hungarian 
Academy of Sciences. 

References 

[1] http://parrise.elte.hu/tpi-15/papers/Proceedings_of_TPI_15.pdf
[2] https://github.com/Safecast/bGeigieNanoKit/wiki/Assembly-Manual
[3] https://safecast.org/tilemap/

Fig.1. Solid state detector in box  Fig.2. Mobil detector construction with solderin 
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 Edutainment in the Magic Tower of Eger 

Izabella Julia BENCZIK  

Eszterházy Károly University, 3300 Eger, Hungary 

 
Abstract. The Magic Tower Science Career Orientation Center and Museum at the Eszterházy Károly 
University Eger has been committed since its foundation to establish an atypical, informal, and non-
formal science educational culture in the city of Eger, and in general, in Northern Hungary. In the 
present communication, we summarize some of the activities of the Tower, along with their 
achievements. 

1 Short history of the Tower  

Informal learning settings such as science centers and museums have been identified as 
opportunities to enhance students' knowledge and motivation in science, and to optimize the 
connection between science and everyday life [1-4]. The Magic Tower of Eger is one of the best 
examples of such institutions.  

Initially, the Tower, a functionally integrated unit of the Eszterházy Károly University Eger, 
located in the former observatory tower of the 250 years old building, operated as an astronomy 
museum. Because of the historical importance of the instruments and artifacts in its holdings, the 
Tower is part of the Hungarian cultural heritage and it served as a place for local history research 
over many decades. In 2006 however, Professor József Vida envisioned the opening of this 
historical site for the general public as an interactive, learning environment for visitors and 
students. With the help of his colleagues from the physics department, he founded a new 
interactive room, the Magic Room, and the tower has been opened as museum and science center 
with its name changed to Magic Tower Science Career Orientation Center and Museum [5].

2 Recent activities of the Tower  

In the recent years, the Tower has launched several self-paced and inquiry-based science 
programs that intended to fill some gaps that existed earlier in the agenda of the science center,
such as early childhood education [6], digital literacy [7], and environmental sensitization and
education [7]. Since the visitors of the tower come from very different age groups and different
educational backgrounds, these recent activities were also differentiated according to the specific 
needs of the different age groups. In the present communication we will discuss some of our 
newest activities, namely:

 Science playhouse and science family matinee series [6] - offered to kindergarten and 
elementary school children and their parents;  

 The online competition [7] - organized for secondary school students (7’th grade in 
Hungary); 

 Scientific presentations and experimental shows [7] - held for high-school students, 
adults, parents, university students, and non-specialized researchers;

 One-week-long science and astronomy road-shows held yearly on the beach of the 
thermal bath in Berekfürdő [5], for the general audience.
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Fig. 1 Wind turbines constructed in the science playhouse 

3 Conclusion 

 
With its various informal educational activities that range from early childhood education to 

activities that enable lifelong learning, the Magic Tower Career Orientation and Science Center 
of Eger wishes to establish a new, atypical educational culture in the city of Eger and in Northern 
Hungary.  As neither parents nor teachers in this region are familiar with these forms of 
education, our efforts meet sometimes skepticism, doubt, and rejection. The international 
antecedents, however, are very promising, and we hope that Hungary will join the international 
trend as soon as possible, and informal schooling will get its well-deserved appreciation in the 
Hungarian educational system. 
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programs that intended to fill some gaps that existed earlier in the agenda of the science center,
such as early childhood education [6], digital literacy [7], and environmental sensitization and
education [7]. Since the visitors of the tower come from very different age groups and different
educational backgrounds, these recent activities were also differentiated according to the specific 
needs of the different age groups. In the present communication we will discuss some of our 
newest activities, namely:

 Science playhouse and science family matinee series [6] - offered to kindergarten and 
elementary school children and their parents;  

 The online competition [7] - organized for secondary school students (7’th grade in 
Hungary); 
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Abstract. Escape rooms became very popular throughout the world in the last decade. Many 
came to the conclusion that escape rooms could be a useful educational method teaching different 
subjects at any level starting kindergarten to universities. I made two different activities for the 
study of physics of fluids. They were introduced in different ways with several groups of students 
of different age group and background in knowledge of physics. The success of the escape room 
activities was measured and turned out a high rate of understanding the phenomena involved.

1 Educational escape games  

Escape rooms are adventure games that require players to work together in a team of 4 to 6 
members, they solve puzzles using hints, clues and a strategy in order to escape from a locked 
room. To escape from the room, players should find keys to open doors or to find the codes of 
coded locks. For that, players have to solve different puzzles. They need to accomplish the 
task in a given period of time. The puzzles in an escape room, in many cases, use different 
physical phenomena[1], thus comes the idea of using escape rooms in science centers or even 
in classroom activities. The idea is very new: LabEscape, a quantum physics themed escape 
room opened its doors at the beginning of 2017, under the tuition of the Physics Department 
from the University of Illinois [2].  

Escape rooms are designed for single team of players, thus as an educational method it is 
more suitable for activities in a science center. With modifications it can be used in classroom 
activities as well (as escape games). Educational escape games have been tested for university 
students on computer sciences [3] and chemistry [4] as well. There are online resources for 
teachers with ready-made activities, and useful guides to elaborate your own ones [5].  

2 Escape rooms in school activities 

As we could not find activities developed for physics at high school level we have made 
some new ones. Our aim was to help students to know some new phenomena from a field 
which is left out from the physics curriculum in Romania: the physics of fluids [6]. As we 
teach only briefly about hydrostatic pressure and Pascal’s law, I wanted to introduce 
phenomena like: surface tension, basic hydrodinamics and in a second activity even the von 
Karman vortex. Our first activity was developed for an informal learning oportunity, the 
project week called “Școala altfel” (school in a different way) in our high school. The 
students could sign up voluntarily on their chosen activity from a set of different ones, so they 
had a prior motivation to fulfil the tasks. The same activity was used in a camp for gifted 
students and at Madách Imre Gimnázium from Budapest as well. In each case 4 to 6 different 
groups were working in the same classroom, making the same experiments with a set of 
equipment provided to them at the beginning.  

The project had a linear structure, as from each experiment or puzzle students got a code, 
which they could use to lead them to a new task. In case of a very cheap project you can use 
codes written on sealed envelopes, instead of coded locks. For a project of 5 different tasks 
we used 20 envelopes. Among the 20 codes only 5 were correct and only those envelopes 
contained a task, the other ones fake challenges or letter bombs.  

A modified version was tested as well, where groups were working in one room alone, like 
in a real escape room. Results of students working in the two different situations were similar. 
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3 Evaluation 

Students filled in a questionnaire immediately after the activity and 6 month later as well. 
It contained the following questions: Q1. Which experiment demonstrates the surface 
tension?; Q2. Which experiment demonstrates the atmospheric pressure?; Q3. Which 
experiment is connected with isobaric processes?; Q4. Who has studied the dependence of 
surface tension with temperature?; Q5. What is the reason of the round shape of soap 
bubbles? Results are shown on Fig. 1., evaluation made on 41 (after the activity) and 24 
students (6 month later). The 4th question was meant to check the level of retainment of the 
name of Loránd Eötvös, the physicist, who is remembered for his work on surface tension. 
This information was given in the discription of the experiment on soap bubbles. The results 
show that students retained only the relevant information for the experiment. 

 
Fig. 1: Level of understanding of the involved phenomena by students in escape room activity right 

after the activity (grey) and 6 months later (yellow) 

4 Conclusion 

Escape game activities are suitable for phenomenological study of a new phenomenon, for 
a deeper understanding extra classes are required. These games can raise interest of students 
to a new field of study. We can say that the result is long lasting, as even after 6 month 
students remembered the topic. Preparing an educational escape game is very time 
consuming, but the setup could be used several times with subsequent groups of students. 
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Abstract. In this study, a problem-based informal science program called TECNOartea is 
introduced, and the results of a pilot study on the development of creativity in students (N = 14) 
with double exceptionality is examined. The results reveal that students’ creativity significantly 
improved following participation in the 12-week out-of-school intervention program. 

1 Introduction 

Science curriculum and its delivery to students is undergoing continuous reform worldwide. 
Nowadays, student-centered teaching approaches are being promoted over traditional pedagogies 
at all education levels to engage students in scientific and engineering practices [1]. There is a 
need to advance science education beyond the mere learning of scientific concepts to the 
development of those competences that allow individuals to become active citizens with the 
capability to critically engage in problem solving processes that address societal challenges [2]. 
Among many competences and skills, creativity is being endorsed as critical for everyday life [3] 
and problem-based learning [4] is being promoted as an effective active teaching method.  

The main aim of this study is to present the UBUingenio initiative as an out-of-school science 
program focused in fostering schience learning and creativity development. Under the 
UBUingenio initiative, two subprograms destined for gifted students (called Ingenio) and for 
students diagnosed with dual exceptionality (called TECNOartea) are being designed and 
implemented at the University of Burgos (Spain). In this paper, we specifically examine the 
results of a pilot study performed during the 2017-2018 academic year for the TECNOartea 
program. The main research question guiding this study was: Is there a significant change dual 
exceptionality student’s creativity following participation in the TECNOartea program? 

2 Theoretical underpinnings 

Problem-based teaching methods are rooted in constructivism theories that consider learning 
as the construction of meanings from experiences and that postulates that learners must be 
engaged in real-world situations where the new knowledge is contextualized and used, and the 
instructional methods adopted by teachers should assist learners in actively explore and build 
their own understanding [5]. Using this conceptualization, students were introduced to the 
following problem: “What is the sound? Can sound be visualized?” During the intervention, the 
physics content addressed was wavelength, period and frequency.

In relation to creativity, despite the many definitions existing in the literature, there seems to 
be a growing consensus that creativity is related to inventing, designing or proposing novel work. 
Therefore, creative people are conceived as those who can produce something new. In this study 
we adopt Sternberg & Lubart [6] definition of creativity as the ability to generate new, 
appropriate and high-quality ideas.  
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3 Method 

A pre-posttest quasi-experimental design with no control groups was used in this pilot study.
The intervention lasted 30 hours and was implemented during weekly sessions over twelve 
weeks. Fourteen students (one girl) diagnosed with double exceptionality constituted the sample. 
Students were drawn from the Asociación Autismo Burgos institution situated in the city of 
Burgos (Spain). The average age of the participants was 11.21 (SD = 3.85), ranging from 6 to 17 
years old. 

Data was collected using the CREA-C test [7], which is a cognitive measure of creativity that 
examines the ability of the subject to elaborate questions related to a graphic material as a 
procedure for the measurement of creativity. Students were shown a picture and were instructed 
to write for four minutes any question that can be asked about what is depicted in the picture. It is 
assumed that more questions reflect higher levels of creativity. 

Q-Q plots of distributed data revealed that both pre and posttest data was skewed. An 
inspection of histograms with normality plots revealed that data was positively skewed. Since (i) 
the distribution is neither normal nor symmetrical, (ii) the dependent variable (i.e. creativity) was 
measured on a continuous level, and (iii) sample size was small, a non-parametric paired-sample 
sign test was the most appropriate test to analyze the data [8]. 

4 Results 

A paired-sample sign test revealed a statistically significant median increase in number of 
questions recorded following participation in the pilot study (p = .021). The median CREA-C
score significantly increased from pre-program (Md = 10) to post-program (Md = 13.5). All but 
one students test score improved after the pilot study, with ranges from 1 to 22 additional 
questions recorded. Students older than ten years old reported an average of 6.6 more question 
on the posttest compared to only 3.4 more question in the case of students younger than ten years 
old.  

5 Conclusions 

Taken together, the results of this study seems to show that the proposed problem-based 
informal science program called TECNOartea improved the creativity of dual exceptionality
students through the learning of physics content. Considering the growing importance of 
creativity for everyday life [3] these findings are promising and suggest that informal science 
environments using problem-based learning approaches are useful for the development of 
creativity in this understudied sample, especially in students older than 10 years old.
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Magnets and Currents: What We Can Learn from Simple 
Experiments
Leoš DVOŘÁK

Charles University, Faculty of Mathematics and Physics, V Holešovičkách 2, 1800 00 Prague 8, 
Czech Republic

Abstract. The workshop will be a follow-up to the workshops “Magnets and Magnetic Field 
around Them: What We Can Learn from Simple Experiments” presented at GIREP-ICPE-EPEC 
2017 conference in Dublin and “Magnets in External Magnetic Field: “What We Can Learn from 
Simple Experiments” presented at GIREP-MPTL 2018 in San Sebastian. The new workshop will 
concentrate on experiments concerning the behaviour of magnets in the vicinity of conductors 
with currents. As the previous workshops, it will offer its participants several simple experiments 
and teaching-learning sequences that can be used in active learning of the topic at upper-
secondary and introductory university level.

1 Introduction

In the workshop presented at GIREP-ICPE-EPEC 2017 conference (see [1]), a series of 
simple experiments with neodymium magnets was presented that went from qualitative 
experiments to quantitative measurements enabling for example to find the value of magnetic 
field near a pole of a magnet (without using any magnetometers or similar instruments). The 
follow-up workshop at GIREP-MPTL 2018 conference concentrated mainly on experiments 
concerning torque on magnets in external magnetic field. Again, both qualitative observations 
and quantitative measurements (for example using very simple torsion pendulum) were done 
at the workshop, actively by the participants. Both workshops were quite appreciated.

The previous workshops concerned magnetic field created by magnets (or by the Earth). 
Magnetic field around conductors with current is another, at least equally important topic.
Though it is described in every textbook on electricity and magnetism, it is still useful to try 
to find and improve simple experiments that can be used in teaching and learning this topic in 
an inquiry based way. Small neodymium magnets, again, proved to be very useful tools for it. 

Quite often simple experiments on electromagnetism presented in various sources are just
qualitative, see for example [2]. On the other hand, quantitative experiments described in 
literature usually require more sophisticated equipment or mathematical calculation well 
above high-school level, e.g. [3]. At the workshop, we will do even quntitative measurements 
and interpretation of their results in a simple way.

2 What will be presented in the proposed workshop

The experiments will use low-cost and simple tools, mostly made by participants themselves.
Here we describe them just very briefly.

First experiment participants will do will be Oersted’s experiments in several variants: from 
simple qualitative observation through measurement of the angle between magnet’s axis and the 
wire to using simple astatic magnet “needle” to compensate Earth’s magnetic field (which 
enables to show the direction of magnetic field even in case of relatively small currents).

Then the tool participants will build and use for measurements will be a simple tangent 
galvanometer and “double galvanometer”. Various experiments with these tools and the 
interpretation of their results will be discussed.

Further set of experiments will concern interaction between a pole of a long magnet and both 
a long solenoid and a small coil with current.
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3 Where these experiments were already piloted with physics teachers

The series of experiments mentioned above was previously presented at a few workshops for 
Czech physics teachers at the conference “Dílny Heuréky 2018”. (Heureka Workshops 2018; see
[4], however, this description is only in Czech.) Some 50 teachers passed through the workshops. 
In an informal feedback, teachers stated that it was useful and they plan to use the simple tools 
they had built in their teaching. 

4 Conclusion: the character of the proposed workshop

As it was already indicated and as it was in two previous workshops mentioned above, the 
workshop will be aimed at active work of its participants and will be done in an inquiry based 
way. The participants will build several very simple tools for doing the experiments and
measurements they can later use in their teaching, courses for physics teachers etc. However, the 
workshop will not be only “hands-on”; the “minds-on” component and detailed discussion of the 
experiments and features of tools will be equally important. 
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measurements they can later use in their teaching, courses for physics teachers etc. However, the 
workshop will not be only “hands-on”; the “minds-on” component and detailed discussion of the 
experiments and features of tools will be equally important. 

References

[1] L. Dvořák, Magnets and magnetic field around them: what we can learn from simple experiments. In: 
Proceedings of GIREP-ICPE-EPEC 2017 conference. (In press.)
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[3] D. G. Stoyanov (2019) A modification of the Oersted experiment, Eur. J. Phys. 30 641-650. 
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Density with Cubes

Irena DVOŘÁKOVÁ
Charles University, Faculty of Mathematics and Physics, V Holešovičkách 2, 1800 00 Prague 8,

Czech Republic

Abstract. The workshop will present an inquiry based approach to teaching density to the age
group 12-13.  Participants  will  experience  this  topic  in  an  active way,  as  pupils  themselves.
Methodology of this approach will be discussed.

1 Introduction

Density is a physical quantity that is taught quite soon in physics at the junior secondary level
(i.e., for age group 12-15). However, as teachers know, pupils do not have much experience with
this quantity from their life; it is not very clear and rather abstract for them. Therefore, I tried to
prepare a teaching-learning sequence using inquiry based approach which allows pupils to build
an adequate concept of density. A very important part of this approach is a set of cubes (quite
large, length of the edge is typically 5 cm) from different materials that enable pupils to really
feel the unequal weights of the cubes. They appeared to be also quite aesthetically appealing for
both  pupils  and  teachers.  Experience  of  several  physics  teachers  showed  already  that  this
approach really works. As the set of cubes is not offered commercially, many teachers, after the
workshops, started to create their own sets of such cubes.

2 What will be presented in the proposed workshop

The participants will work in basically the same way as pupils in a class. In the beginning,
they will “play” with cubes from various materials (for example iron, copper, aluminium, glass,
some kinds of woods, Styrofoam and also water) to get some experience with them. Then, after
discussing the problem what is heavier – a small iron nail or a big piece of Styrofoam, they will
measure the volumes and masses of cubes. Then the teaching-learning sequence continues by
“discovering” the formula for calculation of density and its units.

Participants then will discuss main ideas of this approach; author’s experience with this way
of teaching this topic will be presented, too.

3 Where this approach was already piloted with physics teachers

The series of experiments mentioned above was previously presented at a  conference of
Czech physics teachers (see [1]) and as a workshop at seminar [2]. Also, it was presented several
times as a workshop at regular seminars for Czech physics teachers. About 80 teachers passed
through the workshops. Also, it was used in author’s (as well as other teachers’) classes at junior
secondary level (pupils 12-13 years old). An informal feedback from teachers was always very
positive.

4 Conclusion: the character of the proposed workshop

The workshop will be guided in an active way; as it was already stated; participants will do
simple experiments by themselves, similar to pupils at schools. Methodology of this approach
will be commented and discussed.
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Workshop: Using Research-Validated Interactive Lecture 
Demonstrations (ILDs) to Improve Students’ Conceptual 

Understanding—Including the Use of Clickers 
 

David SOKOLOFF 

Department of Physics, University of Oregon, Eugene, Oregon 97403, USA 

 

Abstract. The results of physics education research and the availability of computer-based tools 
have led to the development of active learning strategies and curricular materials for all 
components of the introductory physics course, for example laboratories like RealTime Physics. 
One reason for their effectiveness is that they encourage students to take an active role in their 
learning. This workshop will demonstrate—through active participation—materials designed to 
promote active learning in lecture: Interactive Lecture Demonstrations (ILDs). Examples will be 
drawn from electric circuits, heat and temperature and optics, including some examples of the use 
of clickers (personal response systems) with ILDs. 

 

Despite considerable evidence that traditional approaches are ineffective in teaching physics 
concepts, most physics students in the United States continue to be taught in lectures, often in 
large ones with more than 100 students. 

Some attempts to improve student learning while maintaining the existing structure of an 
introductory class (lectures, labs and recitation) have been successful, for example the active, 
discovery-based laboratory curricula supported by computer-based laboratory tools, RealTime 
Physics. [1] With these tools and curricula, it has been possible to bring about significant 
changes in the laboratory learning environment at a large number of universities, colleges and 
high schools without changing the lecture/laboratory structure. Table 1 compares the 
characteristics of the RealTime Physics laboratory environment to traditional, passive learning 
environments. 

Table 1: Passive vs. Active Learning Environments 

Passive Learning Environment Active Learning Environment 

Instructor (and textbook) are the authorities - sources of 
all knowledge. 

Students construct their knowledge from hands-on 
observations. Real observations of the physical world 
are the authority. 

Students' beliefs are rarely overtly challenged. 
Uses a learning cycle in which students are challenged 
to compare predictions (based on their beliefs) to 
observations of real experiments. 

Students may never even recognize differences between 
their beliefs and what they are told in class. 

Changes students' beliefs when students are confronted 
by differences between their observations and their 
beliefs. 

Instructor's role is as authority. Instructor's role is as guide in the learning process. 

Collaboration with peers often discouraged. 
Collaboration and shared learning with peers is 
encouraged. 
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Lectures often present the “facts” of physics with little 
reference to experiment. 

Results from real experiments are observed in 
understandable ways - often in real time with the 
support of computer-based tools. 

Laboratory work, if any, is used to confirm theories 
"learned" in lecture. 

Laboratory work is used to learn basic concepts. 

 

But, can an active learning environment be created in a large (or small) lecture? Our answer to 
this question is yes, through the use of a strategy called Interactive Lecture Demonstrations 
(ILDs). [2], [3] 

There are eight steps in the ILD procedure: 

1. The instructor describes the demonstration and does it for the class without measurements 
displayed. 

2. The students are asked to record their individual predictions on a Prediction Sheet, that will 
be collected. 

3. The students engage in small group discussions with their one or two nearest neighbors. 

4. The instructor elicits common student predictions from the whole class. 

5. The students record their final predictions on the Prediction Sheet. 

6. The instructor carries out the demonstration with measurements displayed.  

7. A few volunteers describe the results and discuss them in the context of the demonstration. 
Students may fill out a Results Sheet, identical to the Prediction Sheet, which they may 
take with them for further study. 

8. Students (or the instructor) discuss analogous physical situation(s) with different “surface” 
features. 

These steps are performed for each of the 5-8 simple demonstrations in a sequence of ILDs. 

Participants in this workshop will experience Interactive Lecture Demonstrations through 
active participation. The demonstrations presented will be in the areas of electric circuits, heat 
and temperature and optics. 

 

References  

[1] David R. Sokoloff, Ronald K. Thornton and Priscilla W. Laws, “RealTime Physics: Active Learning Labs 
Transforming the Introductory Laboratory,” Eur. J. of Phys., 28 (2007), S83-S94. 

[2] David R. Sokoloff and Ronald K. Thornton, “Using Interactive Lecture Demonstrations to Create an Active 
Learning Environment,” The Physics Teacher 35: 6, 340 (1997). 

[3] David R. Sokoloff, “Active Learning of Introductory Light and Optics,” The Physics Teacher 54: 1, 18 
(2016). 
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Wim Peeters: Learning outcomes of teachers as practitioners inquiring IBL in a
learning group: preliminary results of the 3DIPhE project

Lectures often present the “facts” of physics with little 
reference to experiment. 

Results from real experiments are observed in 
understandable ways - often in real time with the 
support of computer-based tools. 

Laboratory work, if any, is used to confirm theories 
"learned" in lecture. 

Laboratory work is used to learn basic concepts. 

 

But, can an active learning environment be created in a large (or small) lecture? Our answer to 
this question is yes, through the use of a strategy called Interactive Lecture Demonstrations 
(ILDs). [2], [3] 

There are eight steps in the ILD procedure: 

1. The instructor describes the demonstration and does it for the class without measurements 
displayed. 

2. The students are asked to record their individual predictions on a Prediction Sheet, that will 
be collected. 

3. The students engage in small group discussions with their one or two nearest neighbors. 

4. The instructor elicits common student predictions from the whole class. 

5. The students record their final predictions on the Prediction Sheet. 

6. The instructor carries out the demonstration with measurements displayed.  

7. A few volunteers describe the results and discuss them in the context of the demonstration. 
Students may fill out a Results Sheet, identical to the Prediction Sheet, which they may 
take with them for further study. 

8. Students (or the instructor) discuss analogous physical situation(s) with different “surface” 
features. 

These steps are performed for each of the 5-8 simple demonstrations in a sequence of ILDs. 

Participants in this workshop will experience Interactive Lecture Demonstrations through 
active participation. The demonstrations presented will be in the areas of electric circuits, heat 
and temperature and optics. 
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Learning outcomes of teachers as practitioners inquiring IBL
in a learning group: preliminary results of the 3DIPhE

project

Wim Peeters 

Catholic Education Flanders, Guimardstraat 1, 1040 Brussels, Belgium

Abstract. This workshop informs the participant about the progress in the 3DIPhE Erasmus +

project. This progress is shown in two, integrated, ways.  Firstly, the participants will experience

the way the professional learning community is collaborating, focusing on the individual need for

improving his approach to teaching the IBL way. This is done with several protocols or learning

methods. The second kind of information given in nan integrated way are the examples from real

practice, the way partners in the project, gathered information and evidence from teachers they

were collaborating with.  

1 Introduction  

The group of strategic partners of a new E+ project, 3DIPhE [1], gathered some first
results from the first cycle in the project. This is shared in an interactive way during this
workshop of 90 minutes. 

2 Goals of the workshop

During the  workshop the participants will experience and learn
2.1 �  about the background, goals and methods of the project itself. How the project itself 

learns in an evidenced way. 
2.2 � how, starting from their personal situation, in steps, and with help of the IBL 

framework, they can formulate an acceptable inquiry question that aims at improving 
their IBL activities. 

2.3 �  how they can set up an inquiry, based on (changed) modules on IBL, and measure 
the impact of the change on the learning of the students. For this, data are needed. An 
overview of which kinds of data can be used to give an answer to the question is given

2.4 �  how to plan such a practitioners inquiry. This is subject to critical reflection by the 
peers. The interaction between participants is organized by using protocols. 

2.5 �  to evaluate this approach to teacher learning on IBL. 

3 Method 

The workshop guides participants in a very active way through  the first steps of a 
practitioner inquiry, and all together form a coherent professional development activity. 
Each step is illustrated by examples of practice, gathered during the first 20 months of 
the project. 
Examples of the outcomes as teachers reported during several local multiplier events 
will be shown. They will illustrate the power of this approach.
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4 Conclusion

The participants will be able to evaluate the value of this approach to teacher learning in view 
of students improved results. 

References 

[1] Website: www.3DIPhE.si . 



639

W05
A – Strategies and Methods to Improve Physics Learning and Teaching

Date & time: Tuesday (2nd July) 16:30 – 18:00
Room No.: KF81

David Featonby: What happens next? A strategy

4 Conclusion

The participants will be able to evaluate the value of this approach to teacher learning in view 
of students improved results. 

References 
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WHAT HAPPENS NEXT? 
 
 

David Featonby Execultive member of Science on Stage Europe. 
5 The Dene , Wylam, Northumberland , England, NE41 8EN 

Fanni Vitkoczi 
ELITE Trefort Agoston Gyakorlo Gimnazium, Budapest, Hungary 

 
Introduction 
 
What happens next? is a well tested workshop that has been presented to a wide range of 
teacher audiences throughout Europe.  Its present form is a result of cooperation and sharing 
ideas between several different presenters and countries.  
What happens next? has always been a question at the heart of any enquiring mind, After 
piloting the ideas in several schools with different abilities and ages (nursery to graduation) 
the project was described in the European Journal “Science in School” [1] and taken as a 
workshop to the Science on Stage Festivals in Grenoble in 2007 and Berlin in 2009. 
Workshops have since been given for teachers showing how the ideas can be adapted to many 
groups at various local and international groups  [2] 
 
The Workshop 
 
The “What Happens Next?” workshop/lecture presents a series of short “demonstration” 
experiments, several of which have discrepant outcomes, - that is outcomes that you may not 
initially expect. The “audience” (whether consisting of teachers or pupils) is asked to decide 
on the outcome of the experiment. Working in groups this approach encourages discussion, 
enabling all to voice their opinion. It often identifies misunderstandings and enables 
participants to clarify ideas, and can be used diagnostically for both pupils and teachers. The 
ideas are useful for parents evenings, open days, assemblies, .and can be  fun. Many of the 
suggested experiments are those that can be easily repeated, (often at home). Certainly 
younger students are encouraged to do just that. Some of the ideas lend themselves 
particularly to further investigation and there will be examples of how this has been followed 
through. 
            The exciting thing for teachers is to see how students of all ages and abilities 
respond…teachers are often surprised at the response from students who do not normally take 
part so actively in class.  
            Since 2010 “What Happens next?” has featured  as a regular feature in the 
international journal Physics Education so there is a bank of over 50 experiments which are 
now archived and freely downloadable to workshop participants  [3]. Questions and solutions 
are given in each edition.  
 
              This workshop/lecture/demonstration  will demonstrate how a variety of experiments 
can be used, to improve scientific questioning, and develop understanding. Too often a 
student’s knowledge is limited to the examples of the text book. Adopting a “What happens 
next?” approach from time to time ensures that the knowledge they may have gained,  or have 
from experience, can be applied to new situations. 
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Comments 
 
Here is what some fellow teachers have said 
 
"I never fail to be enthused about delivering this workshop, partly because the teachers get so 
excited and are so grateful for the experience and partly because it reminds me of why i am 
still loving being a physics teacher - it is clever and relevant and motivational." 
Sandra O Connell Teacher and Physics Network Coordinator , Northern Ireland 
“I love doing WHN, it is always great fun and provokes the most interesting debate and 
discussion, arguments sometimes, amongst teachers. 
It always proves incredibly popular and I’ve even had teachers come and watch it twice! 
The thought provoking demonstrations are really flexible. You can use them as ‘inspirators’ at 
the start of a lesson, plenaries at the end, the basis for open-ended homework or just plain 
fun.” 
Colin Piper 
Teaching and Learning Coach SE England 
“WHN , It was an excellent workshop that attracted a lot of participants from all over the 
world to take part at. They were involved in the presentation that was done in an interactive 
way so participants were asked to reply to questions and problems set by the workshop leader. 
Participants from all over the world appreciated the simplicity of the experiments that they 
can repeat easily at their home schools as well as their potential towards inquiry-based 
teaching and learning.” 
Zuzana Jescova : Asst Professor ; Slovakia 
“What happens Next? a workshop that gets you enthusiastic and playful with science!” 
Siri Krogh : Teacher: Norway 
I was surprised how well students of all abilities and ages responded when presented with the 
"What Happens Next?" challenges. There was evidence of real thinking and wrestling with 
the problems of how and why , even when the outcomes were known. Students who often 
weren't keen to participate  on some lessons seemed to get involved . Several took the 
problems home to test their parents and sibblings as everyday equipment was used. A great 
idea with lots of flexible applications. 
Fanni Vitkoczi : Teacher :  Budapest , Hungary 
 
References  
 
[1] David Featonby  What happens Next ? (www.scienceinschool.org/2007/issue7/what happens/ ) (November 
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[2] the English ASE Annual conference, The Scottish ASE Conference, the Welsh physics teachers conference, 
North East England Primary Teachers Day, ., as well as presenting to school children of all school. Ages, most 
recently at the Irish Midland Science Festival…to six quite different groups of primary children.  Europe, 
England, Ireland Scotland, Northern Ireland, Eire, Norway, Poland, Slovakia, Czech Republic, Germany, the 
Netherlands, and  Denmark 
 
[3] The What Happens Next? archive of past articles is found here: Physics Education (IoP ) 
 http://iopscience.iop.org/journal/0031-9120/page/What-happens-next 
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Ed van den Berg: Demonstrations with (almost) nothing

Comments 
 
Here is what some fellow teachers have said 
 
"I never fail to be enthused about delivering this workshop, partly because the teachers get so 
excited and are so grateful for the experience and partly because it reminds me of why i am 
still loving being a physics teacher - it is clever and relevant and motivational." 
Sandra O Connell Teacher and Physics Network Coordinator , Northern Ireland 
“I love doing WHN, it is always great fun and provokes the most interesting debate and 
discussion, arguments sometimes, amongst teachers. 
It always proves incredibly popular and I’ve even had teachers come and watch it twice! 
The thought provoking demonstrations are really flexible. You can use them as ‘inspirators’ at 
the start of a lesson, plenaries at the end, the basis for open-ended homework or just plain 
fun.” 
Colin Piper 
Teaching and Learning Coach SE England 
“WHN , It was an excellent workshop that attracted a lot of participants from all over the 
world to take part at. They were involved in the presentation that was done in an interactive 
way so participants were asked to reply to questions and problems set by the workshop leader. 
Participants from all over the world appreciated the simplicity of the experiments that they 
can repeat easily at their home schools as well as their potential towards inquiry-based 
teaching and learning.” 
Zuzana Jescova : Asst Professor ; Slovakia 
“What happens Next? a workshop that gets you enthusiastic and playful with science!” 
Siri Krogh : Teacher: Norway 
I was surprised how well students of all abilities and ages responded when presented with the 
"What Happens Next?" challenges. There was evidence of real thinking and wrestling with 
the problems of how and why , even when the outcomes were known. Students who often 
weren't keen to participate  on some lessons seemed to get involved . Several took the 
problems home to test their parents and sibblings as everyday equipment was used. A great 
idea with lots of flexible applications. 
Fanni Vitkoczi : Teacher :  Budapest , Hungary 
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Workshop: Demonstrations with (almost) nothing 

Ed VAN DEN BERG 

University of Twente, Drienerlolaan 5, Enschede, Netherlands

Abstract: Suppose you are suddenly assigned to a bare classroom instead of your nicely equipped physics
room.  What can you do to still have a clear and exciting lesson?  In this workshop I present a collection 
of small and quick demonstrations and visualizations for secondary education, which require no 
equipment beyond what is present in a typical lecture room or bare classroom (chalk, chairs, students, 
books, paper, student bags and typical contents). The nature of the demos is varied, some are to verify an 
explanation, but most are to illustrate, visualize, or simulate. In the workshop participants will add their 
own ideas.

One could wonder whether demonstrations are still needed in the YouTube era. However, it
is important that students learn to recognize the physics phenomena in their own environment 
and realize that they themselves could learn more about these phenomena through simple 
observations and experiments and through thinking back-and-forth between phenomena and 
concepts.  Teachers can model this process through demonstrations. YouTube and real 
demonstrations and visualizations can complement each other. As physics is everywhere, 
many demonstrations can be done with simple objects. Just with a glass of water one can 
demonstrate phenomena involving liquids, optics, mechanics, waves and sound, and even 
electrostatics. Ehrlig (1994) published 31 very different experiments with a plastic ruler. And 
then the students themselves, their bodies are full of sensors which can be used for physics 
experiments. Students can participate in roleplays to visualize abstract concepts. In the 
workshop I will include a few role-plays for when students are restless, cold, or sleepy or for 

when their instructor needs a kick to get into a better mood after a late night of checking 

students’ papers. In the workshop, I will start with a series of examples, but then we will 

invent our own demonstrations and visualizations using the objects in the workshop room, in 

our pockets, and in our bags.  The workshop was offered once before at GIREP 2017, this 

time I will add the roleplays. A hand-out with more than 100 demo’s and visualizations is 

available.

References

1 Ehrlig, R. (1994). � Ruler physics� , thirty-four demonstrations using a plastic ruler. American Journal of Physics, 62(2), 
111-120.

2 Liem, T.K. (1987).  Invitations to Science Inquiry.  Science Inquiry Enterprises.  14358 Village View Lane, Chino Hills, 
California 91709.
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Kyoko Ishii: Simple and Beautiful Experiments XII by LADY CATS and
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Simple and Beautiful Experiments XII by LADY CATS and
Science Teachers Group - in the memory of KAWAKATSU 

Kyoko ISHII 

Faculty of Education, Tamagawa University, Machida, Tokyo, 194-8610, Japan

Masako TANEMURA

Faculty of Education, Osaka Kyoiku University, Osaka, 543-0054, Japan

Fumiko OKIHARU

Center for Teacher Education, Tokyo University of Science,278-8510, Chiba, Japan

Haruka ONISHI

Higashiharima High School, 594-2 Nakaisshiki Inami-cho Kako-gun Hyogo 675-1127, Japan

 Naoshi TAKAHASHI

Faculty of Education, Kagawa University, 1-1 Saiwai-cho, Takamatsu, Kagawa 760-8522,  Japan

Abstract.  LADY CATS is  an organization of  science teachers  in Japan.  We lost  our leader

Professor Kawakatsu last  year.  He always said as “everyone has a right to learn”.  We have

demonstrated “Simple and beautiful experiments” together with him since ICPE2005. Our policy

does not change at all, we aim to encourage both students and teachers who are not interested in

physics. Our concepts are as follows: the “simple” experiments to utilize easily, the “beautiful”

experiments to be interested, and the “essential” experiments to demonstrate the principles of

physics.  We  follow  professor  Kawakatsu's  footsteps  and  demonstrate  several  educational

experiments like him.

1 Introduction 

Professor Hiroshi Kawakatsu (1945-2018) had been a high school physics teacher for 30

years. He had promoted and practiced the approach to reconstruct physics teaching from the

perspective of learners. He had received the international award from the Hungary physic

education society for his influence and contribution in 1994. He also had devoted himself to

teacher education for 17 years in the university. He had been a 'father' of LADYCATS for

long time (Fig.1).

 

Fig. 1 Professor KAWAKATSU (third person from the left) and LADY CATS at ICPE 2006 in Tokyo
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Table 1 The Experiments at the Workshops by LADY CATS (2005-2018)

 

2 The spirit of Professor KAWAKATSU and LADYCATS

The LADY CATS (LADY Creators of Activities for Teaching Science) was established by

Professor Kawakatsu’s suggestion in 2005. His sprit was “Everyone has the right to learn.

Let’s learn together”.  He prepared the opportunity for everyone to learn. He did not mind

whether we were excellent or not in physics and science. He encouraged us and took us to

many international conference. He understood the difficulty to continue the career in the long

life stage. Instead of forcing individuals to continue their research, he proposed to cultivate

learning community. Therefore, we can continue the workshop as a member of LADY CATS.

The aim of our activities is to show how women enjoy physics. 

We have performed workshops "Simple and Beautiful Experiments" in twelve international

conferences  such as  ICPE,  WCPE,  ASE, and EASE since  2005.  In these  workshops,  we

demonstrated and explained our experiments and the participant made the experimental tools

from the  material  which we had prepared.  We took university students  to  experience the

workshop together as Professor KAWAKATSU did for us. They learn to organize and enjoy

the workshop, to be a physics teacher.

In this ten years, 11 female teachers, 11 male teachers, 12 female students, and 19 male

students  joined  as  member  of  LADY CATS  and  presented  the  experiments.  Total  134

members of us made 96 experiments in 12 times of conferences (Table 1). The theme is varied

but  followed our  concept:  the  “simple”  experiments  which the teachers  in  the  world can

utilize in their classes easily, the “beautiful” experiments in which children get interested, and

the “essential” experiments which can demonstrate the principles of physics.

3 Summary

LADY CATS is the professional learning community following the sprits as � Everyone has
a  right  to  to  learn� .  We have  been  developed  and  shared  a  lot  of  � simple  and  beautiful
experiments�  at many international conference to show � Learning physics is fun� .  In the long
life stage, we collaborated together and continued our activity. 

We will present some experiments as Faraday motor,  Phase of Moon, and so on at the
workshop. 

References

[1] M. TANEMURA, et al., The History and Aim of LADY CATS-Simple and Beautiful Experiments,  JPS

Conf. Proc.1, 017014 (2014)
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Avraham Merzel: Teaching Energy Hands-On – Workshop

Table 1 The Experiments at the Workshops by LADY CATS (2005-2018)

 

2 The spirit of Professor KAWAKATSU and LADYCATS

The LADY CATS (LADY Creators of Activities for Teaching Science) was established by

Professor Kawakatsu’s suggestion in 2005. His sprit was “Everyone has the right to learn.

Let’s learn together”.  He prepared the opportunity for everyone to learn. He did not mind

whether we were excellent or not in physics and science. He encouraged us and took us to

many international conference. He understood the difficulty to continue the career in the long

life stage. Instead of forcing individuals to continue their research, he proposed to cultivate

learning community. Therefore, we can continue the workshop as a member of LADY CATS.

The aim of our activities is to show how women enjoy physics. 

We have performed workshops "Simple and Beautiful Experiments" in twelve international

conferences  such as  ICPE,  WCPE,  ASE, and EASE since  2005.  In these  workshops,  we

demonstrated and explained our experiments and the participant made the experimental tools

from the  material  which we had prepared.  We took university students  to  experience the

workshop together as Professor KAWAKATSU did for us. They learn to organize and enjoy

the workshop, to be a physics teacher.

In this ten years, 11 female teachers, 11 male teachers, 12 female students, and 19 male

students  joined  as  member  of  LADY CATS  and  presented  the  experiments.  Total  134

members of us made 96 experiments in 12 times of conferences (Table 1). The theme is varied

but  followed our  concept:  the  “simple”  experiments  which the teachers  in  the  world can

utilize in their classes easily, the “beautiful” experiments in which children get interested, and

the “essential” experiments which can demonstrate the principles of physics.

3 Summary

LADY CATS is the professional learning community following the sprits as � Everyone has
a  right  to  to  learn� .  We have  been  developed  and  shared  a  lot  of  � simple  and  beautiful
experiments�  at many international conference to show � Learning physics is fun� .  In the long
life stage, we collaborated together and continued our activity. 

We will present some experiments as Faraday motor,  Phase of Moon, and so on at the
workshop. 

References
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Teaching Energy Hands-On – Workshop 
Avraham Merzel

The Hebrew University of Jerusalem, 9190501, Jerusalem, Israel 
Yaron Lehavi

The David Yellin College of Education, Centre for Applied Mathematics, Ma'agal Beit HaMidrash St 
7, Jerusalem, Israel 

Roni MUALEM  
The Weizmann Institute of Science, Herzl St 234, Rehovot, 76100, Israel 

Fadeel JOUBRAN 
Arab Academic College for Education in Israel 

Abstract. Employing Joule’s idea of comparing processes through heating of a standard body, 
we offer a workshop that will engage participants in experiments which connect mechanical, 
electromagnetic, chemical, physiological and thermal processes. The offered experiments 
quantitatively emphasize the importance of the concept “change in energy” rather than “energy” 
itself. A teaching-learning sequence based on these experiments will be presented with 
preliminary research results suggesting its’ effect on students’ understanding the concept.  

1 Introduction 

The importance of introducing energy as a “crosscutting concept”, i.e. a concept that is used 
across all scientific disciplines (e.g.,[1]), can be addressed by employing Joule’s idea of 
comparing processes belonging to different domains through the heating of a standard body. 
Using this “Joule’s (calorimetric) ruler”, emphasizes the concept of “change in energy”, rather 
than energy itself, as the focus of teaching energy [2-5]. The empirical based “Energy Change” 
approach can provide a unitary sound scientific and quantitative meaning to the notions of 
energy transformation, transfer and conservation [6,7]. Moreover, instead of focusing on the
rather abstract concept of energy, the concrete results of experiments may foster students’ 
recognition of what energy change is and why it is considered to be so important in explaining 
everyday phenomena [8].
However, in spite of their didactical potential, experiments that connect mechanical, 
electromagnetic, chemical, physiological and thermal processes can rarely be found in middle 
and high school curriculum on energy.
Our workshop will engage the participants in constructing their own “Joule-meter” and use it, 
together with other simple devices, to conduct calorimetric experiments which provide a basis 
not only for unifying the concept of energy, but also for acquiring a quantitative perspective of 
energy. In addition, through the workshop we will offer a teaching sequence that employs these 
experiments and present preliminary results regarding students understanding. 

2 The goals of the workshop

1. To get practical experience in conducting experiments that demonstrate how change in 
temperature can be a measure of change in energy in different processes. 

2. To demonstrate teaching-learning sequence that combine these experiments in teaching 
energy in middle and high school. 

3. To present preliminary results of a study aimed to test students understanding of the 
operational way to compare between processes.
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3 Time table for the workshop 

Description of activity Duration [min]

Overture, presenting the rational, presenting results from pre-teaching 
questionnaire

10

Constructing a simple “Joule-meter” 15

Working in groups on experiment (different groups on different 
experiments) with the aid of written instructions, short instruction movies 
and the presenters’ assistance.

30

Presenting the experiments and results by the participants 45

Presenting more possible experiments, presenting post-teaching results, 
presenting teaching-learning sequence with these experiments, conclusion

20

Total: 
120 min

4 The list of calorimetric experiments that will be suggested to the participants:  

1. Falling object (Joule-like experiment) 
2. Spring contraction 
3. Light radiation absorption 
4. Hot and cold bodies 
5. Slowing down cart 
6. Heating of a resistor 
7. Heating of liquid  
8. Heating by chemical reactions 
9. Calorimetry of biological process (yeast) 

References  
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[3] Eylon, B-S., & Lehavi, Y. (2010). Position paper:  Energy as the language of changes. In: Heron, P. R.L. 

Michelini, M., Eylon, B. S., Lehavi, Y. and Stefanel, A. (Co-organizers): Teaching about energy. Which 
concepts should be taught at which educational level? A workshop held within:  GIREP - ICPE - MPTL 
2010, University of Reims, France. 
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context to concept. In GIREP-ICPE-MPTL 2010 International Conference, Teaching and Learning Physics 
today: Challenges? Benefits? Reims, France. 
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3 Time table for the workshop 

Description of activity Duration [min]

Overture, presenting the rational, presenting results from pre-teaching 
questionnaire

10

Constructing a simple “Joule-meter” 15

Working in groups on experiment (different groups on different 
experiments) with the aid of written instructions, short instruction movies 
and the presenters’ assistance.

30

Presenting the experiments and results by the participants 45

Presenting more possible experiments, presenting post-teaching results, 
presenting teaching-learning sequence with these experiments, conclusion

20

Total: 
120 min

4 The list of calorimetric experiments that will be suggested to the participants:  

1. Falling object (Joule-like experiment) 
2. Spring contraction 
3. Light radiation absorption 
4. Hot and cold bodies 
5. Slowing down cart 
6. Heating of a resistor 
7. Heating of liquid  
8. Heating by chemical reactions 
9. Calorimetry of biological process (yeast) 
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Department of Technical Informatics, University of Szeged, Árpád tér 2, 6720 Szeged, Hungary

Katalin KOPASZ

Department of Optics and Quantum Electronics, University of Szeged, Dóm tér 9, 6720 Szeged,
Hungary 

Abstract. 
Arduino board is a widely known and used intelligent electronic tool, which can be variously
applied in education. EDAQuino system, developed by our HAS Research Group of Technical
Informatics Methodology, is based on an Arduino board and supports experiment-based physics
teaching. Our EDAQuino development, presented first at the 2018 GIREP MPTL conference, has
been  tested  in  several  high  schools  in  the  last  year.  We present  here  some of  our  recently
developed experiments in detail.

1 Typing Area 

Arduino is an easily available, popular tool, which has come in general use also in education.
It’s  well-usable  for  teaching  the  basics  of  programming  and  electronics.  There  are  many
interesting and instructive experiments and other educational resources about its applicabilities;
most  of  them can  be  freely  downloaded  from the  internet.  Our  HAS  Research  Group  of
Technical Informatics Methodology aims to help teachers in understanding and applying of this
tool, based on its accessibility and adaptability. Our new solution for supporting experiment-
based physics teaching is the EDAQuino system [1]. EDAQuino is a good choice for teachers
who intend to use Arduino only as an interface; the main goal is to support the experiment-based
teaching methods using computers and sensors. With this solution, the given experiments can be
modernized  in  a  cost-effective  way,  and,  moreover,  users  can  learn  the  basics  of  modern
measurement techniques.

Basic  types  of  sensors  –  photogates,  photopletismographs,  accelerometers,  Hall-sensors,
termistors, photodiodes etc. – can be easily mounted on our measuring system. Application of
such sensors,  together with real-time numerical display of signals,  allow us to  use a cheap
intelligent electronic device in education of natural sciences in such a way as to focus on the
phenomena rather than on the working of the device. We present here some possible applications
of EDAQuino in either teaching demonstration or student experiments, highlighting some cases
which can be carry out in a traditional learning environment hardly, or not at all.

The potential precision of our EDAQuino can be demonstrated well with the measuring of
pulse  waves  using  the  built-in  optosensor  (the  system  detects  the  changing  number  of
erythrocytae  –  i.e.  red  blood  cells  –  in  the  finger-pad;  it  is  called  the  principle  of
photopletysmography).
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As a further example, very accurate measuring of voltage allows us to carry out experiments
based on electromagnetic induction. The figure below shows that using coils made from dupont
cabels and neodymium magnets, induced voltage can be measured during moving the magnet.

Fig. 1 Measuring the electromagnetic induction

It is also possible to present the working of generators.
The measuring system can be applied either in optical experiments; using photodiodes and

LEDs, we can determine the focal lengths of lenses.

2 Conclusion

Our EDAQuino development, presented first at the 2018 GIREP MPTL conference, has been
tested in several high schools in the last year. We present here some of our recently developed
experiments in detail.
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Cinzia Scorzoni: Function is Structure: unfolding the relationship between
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As a further example, very accurate measuring of voltage allows us to carry out experiments
based on electromagnetic induction. The figure below shows that using coils made from dupont
cabels and neodymium magnets, induced voltage can be measured during moving the magnet.

Fig. 1 Measuring the electromagnetic induction

It is also possible to present the working of generators.
The measuring system can be applied either in optical experiments; using photodiodes and

LEDs, we can determine the focal lengths of lenses.

2 Conclusion

Our EDAQuino development, presented first at the 2018 GIREP MPTL conference, has been
tested in several high schools in the last year. We present here some of our recently developed
experiments in detail.

Acknowledgements

This study was funded by the Content Pedagogy Research Program of the Hungarian
Academy of Sciences.

References

[1] Z.  Gingl,  J.  Mellár,  T.  Szépe,  G.  Makan,  R.  Mingesz,  G.  Vadai,  K.  Kopasz, Universal Arduino-based
experimenting system to support teaching of natural sciences, Extended abstract, GIREP-MPTL 2018 -
Research and Innovation in Physics education:two sides of the same coin. 9th-13th July 2018, Donostia-San
Sebastian, Spain (2018)



660



661

Function is Structure: unfolding the relationship between 
macroscopic properties and microscopic structure of 

Gecko-Tape® 
 

Cinzia Scorzoni Guido Goldoni and Valentina De Renzi 

Department of Physics, Informatics and MathematicsUniversity of Modena & Reggio 
Emilia, and Istituto Nanoscienze CNR, Via Campi 213/a -41125 Modena, Italy 

 

Abstract. In this workshop, we present a hands-on activity designed on the peculiar properties of 
Gecko-tape®, a micro-structured silicon film, which mimics the adhesive properties of geckos’ 
feet. As in ‘real’ material-science research, investigation of the Gecko-tape® macroscopic 
behavior is combined with its structural determination, based on both optical microscopy 
observations and on diffraction measurements. The teaching sequence investigates friction and 
wetting phenomena, and illustrates a key-concept in material science, i.e. in short “function is 
structure”. Moreover, it provides a novel opportunity to introduce and compare the two different 
approaches -real vs reciprocal space -to structural investigations. 

 

1 Introduction 

Presenting nanotechnology-related topics in secondary school curricula has been proposed as 
a novel and effective way to introduce students to modern physics [1-3]. At the heart of 
nanoscience and its applications lies the idea that material properties, such as resistivity, 
optical absorption, etc. can be tailored by an accurate engineering of their structure and 
morphology at the nano-and micro-scale. This idea nicely exemplifies the strict relation 
occurring between “function” and “structure”, which can be considered as a key-stone 
concept in several different scientific disciplines, spreading from biochemistry [4,5] and 
physiology [6] to condensed matter physics. 

 

2 The Gecko-tape approach to “Function is structure” 

We here present as a case study, a hands-on, inquiry-based experimental sequence investigating 
the unusual tribological and wetting properties of Gecko-tape and their dependence on its 
surface morphology. As shown in Fig.1 (b), one side of this silicon film is characterized by an 
ordered array of micropillars, while the other side is flat. 

Dealing with this micro-structured material allows for pupils to directly explore the 
relationship between macroscopic properties and structure. The former will be explored, with 
easily-achievable, thoughrobust experimental set-ups. The latter will be unveiled by means of 
both direct-space probes (i.e. optical microscope) and reciprocal-space investigations, i.e. 
introducing 2D diffraction. Gecko-tape is particularly well-suited for this approach as: 

(i) It is safe and relatively cheap, (ii) it is a bio-inspired material, whose living counterpart, the 
amazing Gecko, provides teachers with a nice story to start with (iii). The scale of its micro-
structuration (50-100 μm) is well within the range of any optical microscope, even home-
made ones. 
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Fig. 1 Gecko-tape®: wetting characterization (a) SEM lateral view (b); optical microscope frontal view (c); green 
laser diffraction pattern (d). 

 

3 Workshop outline 

In the present workshop we will illustrate the key-issues of the proposed teaching sequence. 
After a short introduction on tribology, wetting phenomena and biomimetics, the main part of 
the workshop will be devoted to hands-on activities, performed in small groups, as described 
in the following: 

 

4 Macroscopic investigations  

3.1.1 Tribological properties (i) Adhesion on vertical surfaces: Gecko-tape adheres to glass 
and is loaded with increasing weights until it detaches; the contact areas can be changed. This 
experiment illustrates the difference between peeling and shear adhesion, allowing to 
introduce the concept of tunable friction. Moreover, it conveys the key-idea that adhesion and 
friction are strictly related and provides an interesting case in which the normal force is not 
identified with weight. (ii) Measurements of static and dynamic friction: The set-up of these 
experiments are based on the use of inclined plane and dinamometers, respectively, as 
proposed in literature [7-9]; in the case of sandpaper Leonardo’s law of friction is fulfilled as 
expected, in the Gecko-tape case a clear dependence of friction from the nominal area of 
contact is observed. 

3.1.2 Wetting properties As shown in Fig. 1 (a), the different wetting properties of the two 
sides of the Gecko film (flat vs micro-structured), can be probed by depositing isovolumetric 
drops of colored water on each surface. The contact angle between the drops and the surface 
can be measured using a smartphone camera. Using the inclined plane, measurements of the 
rolling angle and of contact-angle hysteresis are also carried out, highlightening the different 
behavior of two sides. 

 

5 Structural properties  

3.2.1 Optical microscopy As shown in Fig. 1 (c), by using a standard optical microscope, or 
even a home-made, smart-phone based one, it is possible to observe both the film regular 
array of micropillars and its transverse section, confirming the different morphology of the 
two sides of the film.  

3.2.2 Diffraction The ordered arrays of Gecko-tape micropillars form a regular lattice with an 
hexagonal unit cell (with lattice constant of approximately 50 μm). This lattice can be easily 
probed by diffraction using a laser-pointer, displaying a nice hexagonal pattern, as shown in 



663

Fig. 1 (d). Quantitative estimate of the lattice parameter can be derived from the spot 
distances, and compared with real-space measurements. 

 

6 Conclusion  

This workshop aims to illustrate an inquiry-based experimental sequence, which investigates 
the tribological and wetting properties of Gecko-tape®, high-lightening their strict dependence 
to the material microstructure and morphology. The sequence mimics the basic steps of a 
typical material-science investigation and introduce diffraction as a powerful tool to 
investigate the structural properties of matter. Moreover, combining the study of friction and 
wetting properties provides a novel way to introduce inter-molecular interactions to explain 
the microscopic origin of both these complex phenomena. 
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Fig. 1 Gecko-tape®: wetting characterization (a) SEM lateral view (b); optical microscope frontal view (c); green 
laser diffraction pattern (d). 

 

3 Workshop outline 

In the present workshop we will illustrate the key-issues of the proposed teaching sequence. 
After a short introduction on tribology, wetting phenomena and biomimetics, the main part of 
the workshop will be devoted to hands-on activities, performed in small groups, as described 
in the following: 

 

4 Macroscopic investigations  

3.1.1 Tribological properties (i) Adhesion on vertical surfaces: Gecko-tape adheres to glass 
and is loaded with increasing weights until it detaches; the contact areas can be changed. This 
experiment illustrates the difference between peeling and shear adhesion, allowing to 
introduce the concept of tunable friction. Moreover, it conveys the key-idea that adhesion and 
friction are strictly related and provides an interesting case in which the normal force is not 
identified with weight. (ii) Measurements of static and dynamic friction: The set-up of these 
experiments are based on the use of inclined plane and dinamometers, respectively, as 
proposed in literature [7-9]; in the case of sandpaper Leonardo’s law of friction is fulfilled as 
expected, in the Gecko-tape case a clear dependence of friction from the nominal area of 
contact is observed. 

3.1.2 Wetting properties As shown in Fig. 1 (a), the different wetting properties of the two 
sides of the Gecko film (flat vs micro-structured), can be probed by depositing isovolumetric 
drops of colored water on each surface. The contact angle between the drops and the surface 
can be measured using a smartphone camera. Using the inclined plane, measurements of the 
rolling angle and of contact-angle hysteresis are also carried out, highlightening the different 
behavior of two sides. 

 

5 Structural properties  

3.2.1 Optical microscopy As shown in Fig. 1 (c), by using a standard optical microscope, or 
even a home-made, smart-phone based one, it is possible to observe both the film regular 
array of micropillars and its transverse section, confirming the different morphology of the 
two sides of the film.  

3.2.2 Diffraction The ordered arrays of Gecko-tape micropillars form a regular lattice with an 
hexagonal unit cell (with lattice constant of approximately 50 μm). This lattice can be easily 
probed by diffraction using a laser-pointer, displaying a nice hexagonal pattern, as shown in 
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Collaborative Activities for a Student-Centered Learning 
Environment in a University Physics Classroom  

 
Gerald FELDMAN 

Department of Physics, George Washington University, Washington, DC, USA 

Guillaume SCHILTZ 
ETH Zürich, Zürich, Switzerland 

Abstract. An active-learning workshop is offered to provide an example of a collaborative group-
learning pedagogical environment for introductory physics at the university level.  Participants 
will engage in various hands-on and minds-on exercises that will illustrate how such a dynamic 
classroom can transform the strategy for teaching physics in university classes.  A discussion 
about the benefits and challenges of this innovative approach will help guide the participants in 
adopting this teaching method in their own physics classes.  

1 Background and Motivation  

The time-honored conventional lecture (“teaching by telling”) has been shown to be an 
ineffective mode of instruction for physics classes.  For enhancing critical thinking skills and 
developing problem-solving abilities, collaborative group-learning environments have proven 
to be far more effective. Reducing dropout rates, promoting conceptual understanding, and 
enhancing student engagement are the major successes reported in the PER literature [1-3].   

At George Washington University, we started implementing a collaborative group-learning 
pedagogical approach known as SCALE-UP [4] for the introductory physics classes in 2008.  
Since 2013, the entire introductory physics sequence has been taught exclusively in this mode, 
eliminating the “standard” lecture format, and this approach has been demonstrated 
empirically to yield higher gains in student learning [5].  This approach was also implemented 
on a trial basis at ETH Zürich in the Spring 2017 semester, and the results for the collaborative 
class were shown to be superior compared to those for a parallel lecture class [6].   

In the SCALE-UP methodology, students sit at large round tables in three groups of three.  
In this configuration (see Fig. 1), they carry out a wide variety of pencil/paper exercises 
(ponderables) using small whiteboards and engage in hands-on activities like demos and labs 
(tangibles) throughout the class period.  Formal lecture is reduced to a minimal level and the 
instructor serves more as a “coach” to facilitate the academic “drills” that the students perform. 

 
 

   
 

Fig. 1 Schematic view (left) and photograph (right) of a collaborative classroom.   
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This innovative pedagogy often arouses the curiosity of physics faculty, who wonder how 
the small-group format is organized and what physics activities constitute a typical class 
session.  Two short examples of such group activities are given below: 

 Students measure human reaction time by dropping and catching a meterstick and then 
using free-fall acceleration and the distance fallen to compute the reaction time. 

 Students place a beaker of water on a scale and then predict/determine the scale reading 
when a metal block is submerged in the water while suspended from a string. 

The workshop will provide further examples that can be implemented in your own classrooms.   

2 Workshop Activities 

This workshop is intended to be an active-engagement experience for all participants.  We 
will describe our adoption/adaptation of the collaborative approach at both George Washington 
University and ETH Zürich.  We will also discuss the challenges and possible drawbacks that 
might arise, as a contrast to typical physics lectures. Then we will participate together in a 
series of hands-on (and minds-on) exercises to illustrate the possible range of physics activities 
in this group-learning environment.  The focus will be on the in-class delivery of the exercises 
and the pedagogical value of the collaborative activities.  Our primary aim is for participants to 
experience this from the student perspective, which is necessary in order to fully appreciate the 
benefits of interactive engagement.  Workshop activities will include: 

 Clicker questions using an electronic response system 
 Whiteboard exercises comprising conceptual or numerical problems 
 Group quizzes using “lottery ticket” scratch-off cards 
 Short hands-on exercises involving tangible manipulation 

During the workshop, there will be time for questions and discussions, which are highly 
encouraged in an active-learning environment. The workshop will be completely flexible, and 
the emphasis can vary depending upon the preferences of the participants.    

3 Conclusion 

The objective of this workshop is to provide a clear and impactful example of the dynamic 
atmosphere that can prevail in a physics classroom that is conducted using such a collaborative 
group-learning approach.  Having the workshop participants play the role of “students” in this 
environment will help to convey the real sense of teamwork and group dynamics that is brought 
to bear in such a classroom.  With this background, participants will be well prepared to identify 
the benefits of the method and to deal with the potential challenges linked to this adaptation at 
their own institutions. The materials that are used in the workshop can also be shared with the 
participants if they would wish to use some of these resources in their own classrooms.   
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Poster sessions are on
Monday (1st July) 16:00 – 19:00

and
Tuesday (2nd July) 18:30 – 20:30

This innovative pedagogy often arouses the curiosity of physics faculty, who wonder how 
the small-group format is organized and what physics activities constitute a typical class
session.  Two short examples of such group activities are given below: 

 Students measure human reaction time by dropping and catching a meterstick and then 
using free-fall acceleration and the distance fallen to compute the reaction time. 

 Students place a beaker of water on a scale and then predict/determine the scale reading
when a metal block is submerged in the water while suspended from a string. 

The workshop will provide further examples that can be implemented in your own classrooms.  

2 Workshop Activities

This workshop is intended to be an active-engagement experience for all participants.  We
will describe our adoption/adaptation of the collaborative approach at both George Washington
University and ETH Zürich. We will also discuss the challenges and possible drawbacks that 
might arise, as a contrast to typical physics lectures. Then we will participate together in a
series of hands-on (and minds-on) exercises to illustrate the possible range of physics activities 
in this group-learning environment. The focus will be on the in-class delivery of the exercises 
and the pedagogical value of the collaborative activities. Our primary aim is for participants to 
experience this from the student perspective, which is necessary in order to fully appreciate the
benefits of interactive engagement.  Workshop activities will include:

 Clicker questions using an electronic response system
 Whiteboard exercises comprising conceptual or numerical problems 
 Group quizzes using “lottery ticket” scratch-off cards
 Short hands-on exercises involving tangible manipulation

During the workshop, there will be time for questions and discussions, which are highly
encouraged in an active-learning environment. The workshop will be completely flexible, and
the emphasis can vary depending upon the preferences of the participants. 

3 Conclusion 

The objective of this workshop is to provide a clear and impactful example of the dynamic 
atmosphere that can prevail in a physics classroom that is conducted using such a collaborative
group-learning approach. Having the workshop participants play the role of “students” in this 
environment will help to convey the real sense of teamwork and group dynamics that is brought 
to bear in such a classroom. With this background, participants will be well prepared to identify
the benefits of the method and to deal with the potential challenges linked to this adaptation at 
their own institutions. The materials that are used in the workshop can also be shared with the
participants if they would wish to use some of these resources in their own classrooms.
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Abstract. We have used the Investigative Science Learning Environment (ISLE) as a framework 
for reforming the upper-level experimental methods course at a Midwest USA university.
Experiences have been reformed to focus on science abilities and experiment design, in contrast 
to “cook-book” content-verification labs. Students were tasked with designing and executing 
observation, testing, and application experiments to answer research questions in modern physics,
with these experiences scaffolded to build abilities. Specifically, students learn to recognize and 
linearize complex patterns in data, develop and test complex probability density models with 
systematic uncertainties, and develop multiple independent methods to measure an unknown 
value.

Introduction 

The student’s ability to “do” science has received renewed attention in university physics 
programs in the USA, where methods courses are tasked with explicitly incorporating science 
practice abilities in instruction. With many programs implementing assessments of modeling, 
conducting investigations, and analyzing data, new pedagogies and assessments are necessary 
whereby students learn to engage in authentic science practice in a classroom setting [1,2].   

We have used the Investigative Science Learning Environment (ISLE) as a framework for 
reforming the upper-level experimental methods course at a university in the Midwest USA. 
Learning experiences have been reformed to focus on science abilities and experiment design, in 
contrast to “cook-book” style labs that serve as content-verification of modern physics concepts. 
In this reformed course, students were tasked with designing and executing observation, testing, 
and application experiments to answer research questions in modern physics, with these 
experiences scaffolded to build abilities. Specifically, students learned to recognize and linearize 
complex patterns in data, develop and test complex probability density models with systematic 
uncertainties, and develop multiple independent methods to measure an unknown value. 
Furthermore, they built their abilities to the point where they could complete the entire ISLE 
learning cycle by studying a complex system where they defined their own research questions.

1 Investigating Science Learning Environment 

ISLE is an educational framework that engages students in scientific practice and 
facilitates the application of learned concepts to the analysis of new, complex phenomena 
[3,4]. The ISLE framework and classroom activities are described in detail elsewhere [3]. For 
the purposes of our course reform, experiment served three roles within the ISLE framework:  

1. observation experiments (Students make no predictions but observe, describe in 
simple words, and collect data. They later try to come up with explanations.) 

2. testing experiments (Students use the explanations to make predictions about 
outcomes, and test their explanations.) 

3. application experiments (Student use models to measure a value or solve a problem) 
The main focus of ISLE-based instruction is on the development of abilities, such as 

designing and conducting experiments, representing and analyzing data, and estimating and 
evaluating uncertainty. Fundamentally, the defining principles of ISLE are that (1) lab 
experiments should serve as a source of knowledge, as opposed to verification of previously 
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"learned" material; and (2) the abilities necessary to design and conduct experiments need to 
be explicitly taught and assessed, as opposed to left implicit. 

Tab. 1: The first sequence of reformed labs in the ISLE cycle.
Lab Type Abilities
Current Balance Observation Identify variables, recognize and linearize complex 

patterns in data, develop phenomenological 
models, evaluating model fit based on uncertainty

Muon Decay Testing Modifying a model to account for systematic errors, 
testing a complex non-linear model, fitting a 
probability density function to data

Verdet’s Constant (Faraday 
Rotation)

Application Designing independent methods to measure a value, 
advanced propagation of uncertainty, making 
judgements about values considering uncertainty

Spinning Tubes Full Cycle Develop testable research questions, design and 
conduct a series of observation experiments to 
develop a phenomenological model, design and 
conduct a testing experiment to test a model

2 Introductory Lab Sequence and Assessment 

Table 1 shows the first three labs completed in the reformed methods course and the final 
student project. Similar to reformed version of the introductory course sequence, students 
progress through observation, testing, and application experiments. In each lab, students are 
provided with a research question and basic instruction on the more advanced experimental 
apparatus. Students must then design their own experiments to answer the question and write a 
comprehensive report describing their methods and results. The design process is scaffolded 
based on cognitive apprenticeship, where simple experiment design is modeled, students are 
coached through more structured design labs, and finally, the scaffolding is slowly removed. A
similar process happens with respect to communication, where students are initially provided 
with very explicit templates for reporting methods and results, with those templates slowly being 
removed. 
 Students are assessed using scientific abilities rubrics that are provided to students before 
beginning each task. The rubric criteria were developed by breaking science abilities into sub-
abilities, with the expectations increasing with each new lab experience [4]. We report on growth 
in student abilities in the context of more advanced laboratory experiences, and demonstrate 
examples of student work and rubric scores for that work. 
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Abstract. Escape games provide challenging puzzles that can only be solved when working 
together in a team. The puzzles and the theme can be adapted to a variety of topics, allowing 
educators to turn these games into unique learning activities. Although educational escape games 
aim to provide a flow experience while at the same time supporting players in acquiring new 
knowledge, these goals are seldom evaluated. In this study, the game experience of high-school 
students is measured during and after taking part in an educational escape game. In addition, 
students’ perceived learning outcomes and attitude towards educational games are assessed. 

1 Introduction: Games Based Learning and Educational Escape Games 
Games can help learners to practice new skills and acquire new knowledge in a playful 

way. In the context of education, game-based learning refers to a type of games characterized 
by specific learning goals. What makes educational games special is their potential to have 
players reach an optimal experience (flow state) while at the same time support learning.  
Therefore, the design process of these educational games focuses on engaging activities with 
defined goals and progress indicators, immediate and clear feedback, and a balance between 
perceived challenge and perceived skills - all prerequisites of a flow experience. A mental 
state of flow is characterized, for example, by intense and focused concentration, distortion of 
temporal experience, and an intrinsically rewarding experience [1]. That means that players of 
educational games might be fully absorbed in an enjoyable game without noticing time 
passing while acquiring new knowledge and skills [2].  

In the past 10 years, a new type of live-action team-based game became extremely popular 
all over the world, so called escape (or adventure) games. Inspired by several influences 
reaching from role playing, digital adventure games, to treasure hunts, interactive theater, and 
movies, traditional escape games are based on a locked room and a number of puzzles which 
need to be solved by a team of players in a limited amount of time in order to reach a specific 
goal such as escaping from the room. After a brief introduction by a game master, participants 
explore the space looking for clues, solving the first puzzles which lead to something else, for 
example to new clues, new equipment, or a new room. The game master monitors the 
participants and might give hints to help participants if they get stuck. As the time goes by, 
puzzles get more complex, often leading to a final meta-puzzle, which requires players to 
combine several clues from previously solved puzzles. After the time is over, the game master 
helps the players during the debriefing session to arrive back in the “real world” by explaining 
the puzzles and let them cool down [3]. 

Escape games are fun and engaging activities that require teamwork, communication and 
delegation skills, as well as critical thinking while fully absorbing players in a different reality 
making them attractive activities for corporate training. However, if adapted to a specific 
learning content, the puzzles themselves can provide rich and engaging learning activities. A 
number of studies explored the feasibility of escape games in different educational contexts 
such as computer science [4], nursing training [5], or physics of fluids [6]. There are even 
commercial toolboxes, which can be used for hundreds of (partially free) educational escape 
games developed for a variety of subjects and topics [7]. 

Although reports of educational escape game designers are overwhelmingly positive, little 
is known about students’ experiences of the activity, in particular if and how many of them 

P02

"learned" material; and (2) the abilities necessary to design and conduct experiments need to 
be explicitly taught and assessed, as opposed to left implicit. 

Tab. 1: The first sequence of reformed labs in the ISLE cycle.
Lab Type Abilities
Current Balance Observation Identify variables, recognize and linearize complex 

patterns in data, develop phenomenological 
models, evaluating model fit based on uncertainty

Muon Decay Testing Modifying a model to account for systematic errors, 
testing a complex non-linear model, fitting a 
probability density function to data

Verdet’s Constant (Faraday 
Rotation)

Application Designing independent methods to measure a value, 
advanced propagation of uncertainty, making 
judgements about values considering uncertainty

Spinning Tubes Full Cycle Develop testable research questions, design and 
conduct a series of observation experiments to 
develop a phenomenological model, design and 
conduct a testing experiment to test a model

2 Introductory Lab Sequence and Assessment 

Table 1 shows the first three labs completed in the reformed methods course and the final 
student project. Similar to reformed version of the introductory course sequence, students 
progress through observation, testing, and application experiments. In each lab, students are 
provided with a research question and basic instruction on the more advanced experimental 
apparatus. Students must then design their own experiments to answer the question and write a 
comprehensive report describing their methods and results. The design process is scaffolded 
based on cognitive apprenticeship, where simple experiment design is modeled, students are 
coached through more structured design labs, and finally, the scaffolding is slowly removed. A
similar process happens with respect to communication, where students are initially provided 
with very explicit templates for reporting methods and results, with those templates slowly being 
removed. 
 Students are assessed using scientific abilities rubrics that are provided to students before 
beginning each task. The rubric criteria were developed by breaking science abilities into sub-
abilities, with the expectations increasing with each new lab experience [4]. We report on growth 
in student abilities in the context of more advanced laboratory experiences, and demonstrate 
examples of student work and rubric scores for that work. 
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really reach a flow state and how individual difference can be explained. Furthermore, 
students’ attitudes and their perceived learning outcomes are rarely evaluated.  

2 Research Questions and Methods 

Which level of flow state do the participants in an educational escape game reach? How 
does this state develop over time? How do participants describe their experience 
retrospectively? And what do they remember and learn while taking part in educational 
escape games? 

This study took place in the framework of a newly developed antimatter-themed physics 
escape game involving advanced level puzzles (e.g. on Feynman diagrams, magnets, UV 
LEDs, and electric circuits) and advanced equipment (such as 3D printers, X-ray machines, 
digital sun dials, and semiconductors) with high-school students aged 16-18. The game has 
been developed in an iterative process following the escapED framework [8] which suggests a 
6-level approach focusing step by step on participants, learning objectives, game mode and 
theme, puzzles, equipment, and evaluation. 

During, and after the game, players filled out the Game Experience Questionnaire [9]. This 
questionnaire has been developed to assess the multi-facet nature of game experience 
including immersion, tension, competence, flow, negative and positive affect, challenge and 
social pressure. In addition, students filled out open questions about their perceived learning 
outcomes as well as their attitude towards educational games. 

3 Conclusion and Preliminary Findings 

Escape games can provide fun and engaging learning activities for high-school students. 
However, careful design and an iterative design process are required to avoid frustration among 
participants and instead foster a mental state of flow. The next steps of this project include the 
detailed analysis of the game experience and students’ answers to several open questions. The 
results will be presented at the conference. 
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Abstract. In this paper, a research-based pre-service teacher education proposal on the topic of 
energy was designed and implemented in the context of initial training of physics and 
mathematics teachers in Chile. The teacher education proposal, based on the scientific practices 
framework, is structured around the modeling cycle to allow for the construction of a School 
Scientific Model (SSM) of energy. We have analyzed pre-service teachers’ qualitative 
productions to infer what model of energy theirs have both at the beginning and the end of the 
program and to get hints of a learning progression in this field.

1 Introduction 
The energetic vision of the world is one of the most relevant models in the experimental 

sciences, school science, engineering and other disciplines. Among the reasons are its integrating 
nature, its economic, social and environmental impact and its presence in our daily lives. 
Enhance this vision in pre-service teachers can help them develop the ability to understand their 
environment, have a critical opinion on things that happen in it and to make reasoned and 
substantiated decisions, as well as acquire tools for their next teaching task.

The focus of our proposal is on the scientific practice [4] of modeling for the construction 
of a School Scientific Model (SSM) of energy. Following existing literature in the field, the 
SSM of energy is structured around four core ideas [3]: that energy is associated with the state 
/ configuration of a system, that the transfer of energy occurs through the mechanisms of heat 
and work, and that energy is both conserved but qualitatively degraded along a process. We 
considered that the evolution in the mastery of this SSM shows us the contribution of the pre-
service teaching and learning sequence (TLS), based on the model-based teaching cycle [1],
to the competence-based acquisition of the content knowledge necessary to teach of the in-
service teachers. Based on this background, we consider the following research question: How 
do the energy models of future physics and mathematics teachers evolve with the 
implementation of a sequence of teaching and learning focused on modeling?

2 Method 
Based on a theoretical review in the literature and an analysis of the pre-service teachers’ 

qualitative productions (written explanations, drawings and schemes) we propose the stages of 
the ideas that make up the school scientific energy model (SSM). Subsequently, we inferred the 
energy models of the future physics teachers at the beginning and the end of the program and we 
made graphs inspired by the literature to know the learning progression of students [2]. In the 
graph we represent with a purple gradient the idea of the energy associated with the state of a 
system (ES), with blue gradient the idea of energy transfer (WQ), with yellow degradation the 
idea of energy degradation (D) and with orange gradient the idea of conservation of energy (C). 
With a dotted line of the color of each idea, we make the contrast between a moment of initial 
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really reach a flow state and how individual difference can be explained. Furthermore, 
students’ attitudes and their perceived learning outcomes are rarely evaluated.  

2 Research Questions and Methods 

Which level of flow state do the participants in an educational escape game reach? How 
does this state develop over time? How do participants describe their experience 
retrospectively? And what do they remember and learn while taking part in educational 
escape games? 

This study took place in the framework of a newly developed antimatter-themed physics 
escape game involving advanced level puzzles (e.g. on Feynman diagrams, magnets, UV 
LEDs, and electric circuits) and advanced equipment (such as 3D printers, X-ray machines, 
digital sun dials, and semiconductors) with high-school students aged 16-18. The game has 
been developed in an iterative process following the escapED framework [8] which suggests a 
6-level approach focusing step by step on participants, learning objectives, game mode and 
theme, puzzles, equipment, and evaluation. 

During, and after the game, players filled out the Game Experience Questionnaire [9]. This 
questionnaire has been developed to assess the multi-facet nature of game experience 
including immersion, tension, competence, flow, negative and positive affect, challenge and 
social pressure. In addition, students filled out open questions about their perceived learning 
outcomes as well as their attitude towards educational games. 

3 Conclusion and Preliminary Findings 

Escape games can provide fun and engaging learning activities for high-school students. 
However, careful design and an iterative design process are required to avoid frustration among 
participants and instead foster a mental state of flow. The next steps of this project include the 
detailed analysis of the game experience and students’ answers to several open questions. The 
results will be presented at the conference. 
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and final analysis of the TLS and a broken line of gray separated the ideas that make up the SSM 
of energy. 

3 Results 

Through the graph of evolution of the ideas of the energy model of the future teachers, it 
was possible to identify which were the simplest and most complex SSM ideas to build. The 
idea of the energy associated with the state of the system was one of the ideas that from the 
initial moments of the SEA was in the most sophisticated stadiums of the SSM and at the end 
of the SEA we found evidence of its understanding, when inferred from the students' 
productions the maximum levels of sophistication (73% in ES4) (see Fig. 1). For the idea of 
energy transfer, at the beginning of the TLS, a view of the transformation of energy and of 
energy transfer between parts of the system predominated, but at the end of the SEA this is 
one of the ideas that evolved the most and a 100% of students are placed in a logic of energy 
transfer identifying at least one of the two mechanisms (work or heat). At the beginning of the 
SEA, students only mention the dissipation of energy (64%) and at the end of the TLS 32% 
identify the decrease in the utility of energy. The idea of conservation of energy presents 
greater difficulties in its construction and at the end of the TLS, 45% of the students mention 
it but without identifying that the energy dissipated corresponds to the gain of this in another 
system or the environment. 
 

Fig. 1 Evolution of the energy model of the future teachers ant the beginning and end of the TLS 

4 Conclusion 

As shown in previous studies [1], the model-based program efficiently contributed to the 
construction of adequate versions, both in terms of sophistication of ideas and sort of model, of 
the SSM of energy, with the exception of the idea of energy conservation. 
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Abstract. Basic physics courses at our universities are filled with a considerable amount of con-
tent. The purpose of this course is to examine the essentials and present them in context.

There are additionally modern methods of scientific computing that are not part of the basic phys-
ics courses: such as symbolic and numerical calculation with computers. Therefore, this basic 
course is done with MATLAB's Symbolic Math Toolbox and Live Editor. 

Our approach to physics takes into account aspects of modern physics, especially of relativity and 
quantum mechanics. This means that the parting point is first and foremost the observer.

This course is intended to help review and deepen the understanding of basics in physics.

We work out the essentials, we try to clarify why the laws of physics are as they are and how 
the details are connected. Since it is assumed that the reader possesses fundamental knowledge 
of physics and mathematics, a more modern view of physics, mathematics and computation can 
be taken.

In the center of our considerations is the action field. It is introduced as scalar field whose 
four-gradient determines the four-momentum. It is considered as fundamental invariant expres-
sion of physics.

We get to classical mechanics by action on point particles, and to quantum mechanics by 
action on detectors. The laws of interaction evolve from the continuity equation for the gradi-
ents of the momentum components, where the latter is the gradient of the action function.

For the derivation of physical laws, we sometimes use symbolic computer software. This 
helps avoid long calculations which distract from the actual physics. For exercises, we use sym-
bolic and numeric computer software. This allows for more complicated problems, vivid 
graphics and a lot of animations. Students like it, it is play-like, and computers are their way to 
deal with all kind of affairs.

As computer language we apply MATLAB’s Symbolic Math Toolbox in the Live Editor.
MATLAB itself offers powerful methods for diverse numerical problems and graphic represen-
tations. The Symbolic Math Toolbox is very modern, and having both the symbolic and the 
numerical methods in the same editor is fascinating. With a simple statement, one can convert 
symbolic expressions and continue with numerical methods.

The course covers the following topics in 7 chapters: Vectors and Metric (Theory, Spherical 
Coordinates, Metric of a Mexican Hat), Structure of Physical Spacetime (Theory, Lorentz 
Transformation, Twin Paradox and Light Clock), Dynamics (Theory, Action Field of the Kepler 
Problem), Classical Mechanics (Theory, Keplerian Orbits, Roll Pendulum, Roller Coaster),
Quantum Mechanics (Theory, Quantization and Schrödinger Equation, Gauss Wave Packets, 
Bound States, Scattering States), Interaction (Theory, Helmholtz Coil, Charge over Conducting 
Sphere, Radiation of a Hertz Dipole, Schwarzschild Metric and Black Holes) and Chaos Theory
(Theory, Fractals, Duffing Oscillator, and Billiards Chaos). One example is shown in Fig. 1

The MATLAB scripts can be downloaded as pdf-files or as MATLAB Live Editor Scripts in 
the mlx-format [1][2][3]. The mlx-files can be executed in MATLAB’s Live Editor.
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and final analysis of the TLS and a broken line of gray separated the ideas that make up the SSM 
of energy. 

3 Results 

Through the graph of evolution of the ideas of the energy model of the future teachers, it 
was possible to identify which were the simplest and most complex SSM ideas to build. The 
idea of the energy associated with the state of the system was one of the ideas that from the 
initial moments of the SEA was in the most sophisticated stadiums of the SSM and at the end 
of the SEA we found evidence of its understanding, when inferred from the students' 
productions the maximum levels of sophistication (73% in ES4) (see Fig. 1). For the idea of 
energy transfer, at the beginning of the TLS, a view of the transformation of energy and of 
energy transfer between parts of the system predominated, but at the end of the SEA this is 
one of the ideas that evolved the most and a 100% of students are placed in a logic of energy 
transfer identifying at least one of the two mechanisms (work or heat). At the beginning of the 
SEA, students only mention the dissipation of energy (64%) and at the end of the TLS 32% 
identify the decrease in the utility of energy. The idea of conservation of energy presents 
greater difficulties in its construction and at the end of the TLS, 45% of the students mention 
it but without identifying that the energy dissipated corresponds to the gain of this in another 
system or the environment. 
 

Fig. 1 Evolution of the energy model of the future teachers ant the beginning and end of the TLS 

4 Conclusion 

As shown in previous studies [1], the model-based program efficiently contributed to the 
construction of adequate versions, both in terms of sophistication of ideas and sort of model, of 
the SSM of energy, with the exception of the idea of energy conservation. 
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Abstract 

The outreach programs of physics are an accepted mode of reaching out to a wider 
audience regarding the way physics as a basic science operates and how it has impacted 
the lives of people living in today’s highly connected world. It is also one of the best 
ways to instil scientific temper among students and audiences of all ages and also connect 
them to ideas and paths which led to major discoveries in science/physics. Students are 
exposed to the method of science and importance of basic science in development of 
mindboggling technologies and encouraging them to weigh physics as one of the possible 
career options. To meet these objectives, in the last couple of years in collaboration with 
Indian Science Congress Association and Indian Association of Physics Teachers, we 
have carried out Physics Outreach Programs for school, undergraduate and university 
students. Normally a theme is chosen around a life from science and a one day program is 
curated around the scientist’s life and discovery/ discoveries made by him/her through 
video resources on the web and converting this exposure into interactive sessions via 
quizzes and interactive lectures by experts in the field of the eminent scientist under 
focus. This program has been carried across many cities in partnership with the hosting 
institution in the form of physics workshops/seminars. More than 4000 students from 
schools, colleges and students have participated in these workshops/ seminars over a 
period of two years. An effort is made to make whole program participative in nature by
interspersing the program with hands on activities as well. The workshop is followed by a 
feedback session in which participants fill in their responses on a questionnaire regarding 
the mode, content and impact of the program and possible adoption of this approach in 
the classroom situations. The case studies of two such programs carried out around 
Satyendra Nath Bose of Bose Einstein Statistics fame and Dmitri Mendeleev, Father of 
the Periodic table will be presented with impact analysis of the process and the take home 
lessons of this approach. 
Key words: outreach program, workshop, video resources 
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Fig. 1 Example of a MATLAB Live Editor script. The field lines of a Helmholtz coil are calculated, 
graphically displayed and compared to an experimental setup of a Helmholtz coil with iron fillings 
on a glass plate. On the left side the expressions to be calculated are defined, the MATLAB state-
ments are given and at the bottom is the picture of an experimental setup. On the right side is the 
MATLAB output. We see the complete calculation, nothing is cut off! In the course itself, however, 
there are more detailed explanations.
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Fig. 1 Example of a MATLAB Live Editor script. The field lines of a Helmholtz coil are calculated, 
graphically displayed and compared to an experimental setup of a Helmholtz coil with iron fillings 
on a glass plate. On the left side the expressions to be calculated are defined, the MATLAB state-
ments are given and at the bottom is the picture of an experimental setup. On the right side is the 
MATLAB output. We see the complete calculation, nothing is cut off! In the course itself, however, 
there are more detailed explanations.
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Abstract 

Though the percolation of information technology is ubiquitous, however creating space 
for computational physics curriculum in undergraduate physics is still far from 
satisfactory  level  in the absence of good implementation strategy with well-defined 
learning out comes to create a comfort zone for the students to use it as a third way of 
doing Physics. The process of drafting the syllabus for its effective implementation has 
its challenges and opportunities.  In the year 2013, Himachal Pradesh University, 
Shimla took a lead to draft a 3 credit course to be taught in the first year Bachelor of 
Science course, which in 2016, was adopted as a model curriculum by University 
Grants Commission (UGC), New Delhi India to be rolled out in the undergraduate 
physics curriculum. During this period there had been lot of challenges to introduce the 
course from the point of views of faculty acceptance, faculty involvement and 
infrastructure availability. 
In this paper the various axis around which the syllabus is to be delivered to the students 
are discussed along with drafted learning outcomes and the web resources for the 
successful implementation. Paper also elaborates on the challenges to be overcome and 
affording new opportunities of learning computational tools of computational physics    
using web resources available through spoken tutorials under the National Mission of 
Education through Information and Communication Technology (NMEICT) of the 
Ministry of Human Resource Development, Govt. of India and other web resources 
under MOOCs on the world wide web (WWW). 

Key words: computational physics, curriculum, learning outcome, MOOC 
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Abstract. In a Design-Based research project we work on the development of a teaching-learning 
sequence for electromagnetic radiation at the middle school level. To build a solid foundation for 
all future design processes, in a first step a way to explain electromagnetic radiation and its 
properties is formulated and evaluated. These explanations were designed based on the respective 
body of physics education research and evaluated with the method of probing acceptance. The 
results are promising and give insights into the problems students face while learning about 
radiation. According to the results, the explanations were adapted and new ideas were added. 

1 Introduction and motivation 

The Austrian Curriculum declares that students at the middle school level should have basic 
knowledge about health issues as well as technologies in order to be able to make informed 
decisions in their everyday life. In our modern society, this includes knowledge about 
electromagnetic radiation – for example when you hear about the danger of mobile phones or
when confronted with the claim that the microwave turns your food unhealthy. However, 
research shows that students often lack basic understanding of electromagnetic radiation [1].
Therefore, a project is conducted at the University of Vienna to develop a teaching-learning 
sequence about electromagnetic radiation. In Austria the electromagnetic spectrum is only 
introduced after compulsory education, whereas this project aims to introduce it at the middle 
school level. 

Before the design of the teaching-learning sequence can start, it is necessary to decide which 
content should be included in the sequence and how to explain electromagnetic radiation and its
properties to the students. The focus of the sequence was set based on the existing literature (see 
section 2). Afterwards, the content was reduced to its central ideas and framed as very compact 
explanations. These explanations are called “key ideas”, short for “key science ideas” [2]. The 
key ideas build the foundation for all future developments of the project, as understanding is 
constructed around them.  

The aim of this research is to evaluate if students understand the presented key ideas. 
Therefore, it is evaluated if students accept the explanations and are able to apply them. Another 
goal is to detect typical learning difficulties.  

2 Theoretical Background 

The body of educational literature about electromagnetic radiation is quite small. A
contribution to the topic was made by Plotz, who investigated learning processes of students [1].
He suggested basic principles to teach electromagnetic radiation. These include (a) the order of 
the different types of electromagnetic radiation in the spectrum, (b) its propagation, (c) its 
omnipresence as well as (d) the transportation of energy and the interaction with matter. 

To build a good theoretical framework, it has proven useful to base upon the work of Haagen-
Schützenhöfer on teaching and learning geometric optics [3]. Given that light is a type of 
electromagnetic radiation, some design principles are transferable to the whole spectrum, such as 
the use of the sender-receiver model and the representation of light as cone-shaped light beams. 
Another aspect that can be drawn from optics is to introduce electromagnetic radiation neither as 
wave nor particles but to characterize it by its properties instead.  
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It was decided to implement the teaching-learning sequence about electromagnetic radiation 
after the students have had lessons on optics. Hence, the sequence is developed for grade 8. 

The following three key ideas were constructed: 
1. Radiation is completely different from matter. Radiation can’t be touched, it has no 

mass, it propagates really fast – nothing is faster than radiation! 
2. Radiation propagates until it hits matter. Part of the radiation is transmitted, part of it is 

reflected, and part of it is absorbed. How much is transmitted, reflected or absorbed 
depends on the type of radiation as well as on the type of matter. 

3. Sources of electromagnetic radiation emit energy. The energy is transported by the 
radiation. If radiation is absorbed by matter, energy is transferred to the matter. 

3 Methods 

To answer the research questions stated in section 1, teaching experiments are conducted. The 
method of probing acceptance described by Jung [4] is used for this purpose. Using this method, 
the interviewer presents explanations to a student and illustrates them with an experiment. The 
student is asked to review these explanations and to rephrase them. Afterwards, the student is 
instructed to solve problems by applying the explanations. This method allows gaining insight 
into individual learning processes and typical problems students face. It proved very fruitful for 
similar projects, for example in optics [3] and particle physics [5].  

To investigate if students were able to apply what they have learned the transcripts were 
analysed with the method of evaluative qualitative text analysis [6]. A coding manual was 
developed to rate the answers of students; the results were displayed within a profile matrix. As a 
next step, all passages were students have struggled were discussed with experts. Additionally, 
the students’ rephrasings’ of the explanations were analysed by looking at the changes they have 
made.

4 Results 

Six students participated in the first trial. The evaluation showed that students approved of the 
explanations and were able to transfer their knowledge to new tasks sufficiently. The difficulties 
that arose gave evidence on how to improve the key ideas. We also gained knowledge on which 
experiments help students to understand the key ideas and which examples activate 
misconceptions. A detailed description of the results will be presented on the poster. The 
phrasing of the key ideas was changed and new key ideas were added. The evaluation of the new 
version of key ideas is in the planning stage. 
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Abstract. In the seminar "Augmented Reality (AR) in Institutional Education" we developed 
together with STEM trainee teachers, a physical optics experimentation circle for pupils, 
including (real) experiments, enriched with AR technology. In every setting the real environment 
continues to be perceived, but is supplemented with visualizations of physical model concepts. 
This offers the opportunity to link those concepts statically but also in their spatial or temporal 
change in conjunction with the real experiment and to actively interact at the same time. 
Hopefully the experiments demonstrate the benefits of AR technology, so that more applications 
will find their way into STEM lessons. 

 

1 Introduction 

The relatively affordable availability of technical equipment has created many new 
opportunities for teaching and learning in institutional education in recent years but has also 
changed the way of teaching. Computer rooms, notebooks or tablets found their way into more 
and more classes and will become standard [1][4]. This provides teachers a direct access to 
digital educational materials and to information, images and videos, as well as to interactive 
simulations or even screen experiments and science education apps. Digital ways of teaching 
can have a particular impact on and support for student performances [2]. However, didactical 
concepts and methodical implementation that deal with the added value of these technologies 
are often missing for successful use. There is also a shortage of teachers who know the potential 
of these new technologies and are trained to use them in class [2]. The use of augmented (AR) 
and virtual reality (VR) technologies enables the visualization of highly complex scientific 
processes that cannot be visualized in reality [4]. We suspect that we can reduce students' 
misconceptions in physics and promote highly complex and technically correct modeling [3]. 

In the area of institutional education, teaching research has found a number of factors that 
improve learning in the widest sense when using VR/AR content [4][2]. For example, Radu 
(2014) reports that VR and AR technologies have the potential to make learning more 
effective and motivating and are increasingly accessible for young people and generally easy 
to use. In addition, AR learning scenarios help to anchor learning contents in the memory for 
a longer time and to better visualize spatial structures and processes. Wu et al. (2013) [5] also 
suggest that AR enables ubiquitous, collaborative learning and presentation of learning 
content in a 3D view, and can actually make the invisible (e.g., flow of current) visible. 

 
Fig. 1 Station Refraction (left): Real experiment with superimposed visualization of the ray model of light Moon 
phases & solar/lunar eclipses (right): To prevent a misconception of the proportions of sun, moon and earth. The 
students go visually into the solar system and see next to them the celestial bodies in their correct sizes. 
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2 Creation of the optical experiment circle 

Every semester the university of Würzburg offers the seminar "Augmented Reality in 
Institutional Education" to STEM teaching students. The students have to develop and to 
implement a didactical and technical conception for a VR / AR-learning scenario and to test 
its usability in school laboratories or in school practice. 

In this seminar, the students receive a theoretical introduction and were technically trained to 
be able to create their own AR applications. For the implementation, we capitalize the game 
engine software Unity, coupled with the tracking software Vuforia (both license-free for non-
commercial purposes). The students are supposed to create AR-learning environments to 
reduce misconceptions in natural scientific domains. In one semester our students developed a 
physical optics experimentation circle for pupils, including (real) experiments, enriched with 
AR technology. The instructions for the individual applications were printed in a "researcher's 
booklet" to record the results of the experiments. Two of the stations are explained here: 

Station Refraction: If somebody wants to hit an object underwater with a rod, he has to aim 
deeper than he would expect visually. Students can try this on the real experiment (Fig.1, left), 
but without seeing the actual light beam. Therefore, the light path can be digitally correctly 
blended via sliders (for adjusting the angle of incidence and the refraction angle) and allows 
in addition to the visualization the determination of the refractive index of the selected liquid. 

Station “Moon phases & lunar/solar eclipse”: In a three-dimensional simulation, the 
movement of the earth and the moon around the sun is shown. By observing the moving, by 
the sun illuminated celestial bodies, the students recognize the moon phases observable from 
the earths point of view. Because of the implementation of shadows, you can continue to 
follow the formation of a solar eclipse and a lunar eclipse from different perspectives. 
Furthermore a VR application (Fig.1, right) using a mobile phone put in VR glasses shows the 
correct proportions of the celestial bodies to each other. 

 

3 Planned Projects 

In order to evaluate the usability of different devices and the effectiveness in teaching 
cognitive knowledge content and in particular conceptual knowledge with the help of VR / 
AR technologies, an augmentation of real experiments of a complete teaching unit about 
electricity is planned. It is expected that the creation of misconceptions can be reduced by 
visualizing certain processes which are otherwise invisible. All learning scenarios are 
available to teachers free of charge via an online database. In addition, they will gradually be 
integrated into the already existing school laboratories of the university. 
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Abstract. The poster describes a framework for using modern devices in introductory physics 
courses. We provide examples and share our experience in using the framework in introductory 
physics courses, courses for prospective high school physics teachers and professional 
development programs.

1 Introduction  

Today’s society depends on modern technologies more than ever. While the expectations to 
integrate the latest knowledge in physics curricula are growing, the number of topics that fit into 
a curriculum remains more or less constant. Physics knowledge is hierarchical. Therefore, we 
cannot skip fundamental topics in lieu of more contemporary ones even though the fundamental 
topics are commonly several hundred years old. The tension between the need to teach both the 
fundamentals and the growing number of contemporary issues in physics and the need to fit the 
courses into the same time frame is widely recognized [1]. It requires careful attention to 
multiple aspects of learning and teaching. In this poster we focus on a narrower question, 
specifically, on how to productively integrate modern devices in introductory physics course 
without losing the coherence of physics as a subject and without overloading the curriculum 

2 Framework 

As an answer to this question, two of us (EE and GP) proposed a framework for using modern 
devices in introductory physics courses while developing a systematic library of materials for 
teaching and learning about light emitting diodes [2].  The framework consists of three different 
ways of using a modern device: 

1. as a black box,  
2. to learn how the device works,  
3. to learn new physics using the knowledge of how the device works. 

3 Example 

Let us illustrate the idea using an LED as an example.  
Black box. LEDs can be used as light sources when students learn optics, as current indicators 

when they learn electricity and magnetism or as blinking light sources when they study motion in 
kinematics [3]. Each of these cases offers opportunities for the students to discover some special 
features of LEDs without any need to explain how an LED works.   

Learn how a device works. After learning basics about DC circuits including Ohm’s law, 
students can start a qualitative investigation of an LED by trying to make a green LED glow 
using two 1.5 V batteries and then do the same for a small incandescent lightbulb. We ask 
students to compare and contrast what they found out for both light sources and to propose 
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causal explanations for the observed behavior of the LED. The students start with qualitative 
investigations and then proceed to quantitative description, constructing causal explanations and 
testing them [4]. Students learn that the graph for the lightbulb is symmetrical and for the LED is 
asymmetrical. They also discover that an LED starts glowing at a certain opening voltage of the 
order of 2 V and that this voltage is different for different color LEDs.  

Learn new physics using the knowledge of how the device works. Once students have learned 
the basics of LEDs as described in the previous step, we can engage them in an activity in which 
they discover fluorescence (a new phenomenon) while investigating how a white LED works [5].
We assume the students have also learned the basics of color light mixing, including the concept 
of complementary colors and the basics of wave optics. A brief description of the activity is 
given below. 

Give the students gratings or diffraction glasses and ask them to observe spectra of red, green 
and blue LEDs. Then ask them to observe the spectrum of a white LED and compare and 
contrast it with color LEDs spectra. Ask the students to propose several mechanisms that explain 
the spectrum of a white LED and how a white LED might be made. Students usually come up 
with two ideas that a white LED combines red, green and blue LED that are connected either in 
parallel or in series. After proposing testing experiments (such as measuring  graph for a white 
LED), making predictions for their outcomes and comparing the predictions with actual 
outcomes, students reject both explanations described above but they also find out that the  graph 
of a white LED is very similar to the graph for a blue LED. This finding helps them to come up 
with an idea that the white LED is actually a blue LED covered with some material that changes 
a blue light into yellow light when the blue light passes through it.  Students can test this idea by 
covering a blue LED with a “filters” that they make by coloring a white paper with yellow 
markers of different type. They find out that only filters made with certain markers turn blue 
light into white light. At this point students are ready to learn about a new phenomenon - a
fluorescence.  

4 Summary 

We described a framework for using modern devices in introductory physics courses. The 
proposed framework is not meant to be a “theoretical” framework, but rather a guide that will 
help teachers and educators to think of how to incorporate modern devices in introductory 
physics curriculum. The poster will describe the framework in details, give new examples and 
share our experience in using the framework in the programs for preparing future high school 
physics teachers. 
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Abstract. The experiment is a very important part of science. There are many ways to use the 
experiment in teaching from demonstrations to practical work. The role of physics experiment in 
teaching and learning is being investigated. This contribution describes the research of role of 
physics experiment in Czech education. For the research, an interview has been prepared to 
inquire with experienced physics teachers about the main aspect of experimentation and their 
experiences with the inclusion of experiments in the teaching of physics.    

1 Introduction  

The experiment is a very important component of science progression in discovering 
nature’s behaviour as well as linking practice and theory. Experiments also play a truly 
significant role in physics teaching and learning [1]. Many physics teachers cannot imagine their 
lessons without them. Experiments allow teachers to activate students in the lesson in different 
ways and motivate them to be interested in physics.  

There are many variants of the use of experiments from demonstrations to open inquiry 
providing students with opportunities of self-responsible activities, and each of them is 
suitable for different learning situation. There are many studies that research the teachers’ 
views of the goals of experiments in physics education. The first list of such goals was created 
in 1963 [2] and it was summarized in five points [3]: 

• to enhance understanding of scientific ideas; 
• to encourage accurate observations and description; 
• to make scientific phenomena more real; 
• to arouse and maintain interest; 
• to promote a scientific method of thought. 

It is still only the opinion of the teachers which may or may not reflect their actual classroom 
practice. However, some of these points are confirmed by various studies [4]. On the other hand, 
other authors claim that experimenting in lessons is confusing and an unproductive cause of ill-
conceived [5].    

2 Research goals and tool 

The main goal of this research is to find the role of physics experiments in teaching and 
learning in Czech education. This contribution is focused on the first part of this research 
which is finding out an opinion of secondary school teachers. For this purpose, a semi-
structured interview was chosen.  

Respondents are selected from experienced secondary school teachers who have been 
cooperating for a long time with our department. These teachers also participate in the 
experimental activities that we offer. 

Teachers are asked for their opinion about ideal experiments. We are talk about the 
realization of an experiment, time allocation in one lesson, influence of used aids on 
understanding of physics phenomena, involvement of students during the experiment and how 
they continue to work after the realization of experiments. 
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4 Summary 
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Each interview takes 30 to 60 minutes and then is transcribed. The results are evaluated 
from the written form. Until now, several interviews took place and the other will be done 
during the spring of 2019.  

3 Results 

The first conclusion of these interviews is that all respondents agree that the most 
important for better understanding is a discussion with students after experimenting. Teachers 
also consider important to write or draw the experiment in students’ notebooks. They also say 
that experimentations are time consuming to prepare and very demanding for beginner 
teachers.  

Further conclusion will be most likely drawn in the following months. 
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Abstract. As mobile devices become an increasingly integral part of our everyday life, the 
smartphone matured from a simple communication device to a progressively more versatile 
apparatus. In the present work, we investigate how these tools can be used in a classroom setting 
for exploring and understanding simple physical phenomena. We introduce an approach where we 
collect sensor data from multiple smartphones simultaneously and digest the gathered information 
on the fly in a browser-based interactive setting. The presented method is used to engage students 
by making them the subject of simple experiments and thus capture their imagination and expand 
their attention span. 

1 Introduction

Today the range and capability of applications available on mobile phones seem inexhaustible. 
More and more applications are download from the cloud by students and teachers alike each 
day to try out a new function on their mobile phone. The use of these ubiquitous smart devices 
and applications is thus an excellent avenue for communicating STEM subjects in an immersive 
and enchanting manner.   
The computational capability of a modern phone combined with browser-based technologies 
makes it possible to gather and digest sensor data that is both, accessible for a wide spectrum of 
students and serves as first-hand experimental evidence in understanding tough concepts.
Although so far several approaches [1,2] have been presented where individual device data is 
used as a teaching tool, accessing and processing sensor information simultaneously from 
multiple devices in a meaningful and engaging way remains a challenge.  In our work, we 
present such a concept.

2 Tools and approach 

Several readily available mobile applications were used for streaming sensor data from a host of 
individual devices to a central server via a local wifi network present in the classroom. Gathering 
and digesting the data of several mobile devices running the same applications is performed by a 
simple custom written python application which is capable of distinguishing different signals 
originating from different devices. The obtained and processed data is presented in a browser-
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based interface[3]. Depending on the used mobile devices and the specific application, a host of 
physical quantities are available for interactive exploration of physical phenomena. 

3 Experiments and evaluation

In the experiments we primarily focus on the acceleration, position and audio sensor data 
streamed from mobile devices of participating students.  
Accelerometry data is used in demonstrations where the students participate in movements that 
are described understandable in terms of steady linear acceleration, such as performing voluntary 
jumps from various heights, at the same time, while the acceleration of all their movement is 
followed in real time. 
Position data combined with acceleration sensors are used in a simple experiment where the goal 
is to measure kinetic and potential energy balance and to gain a deeper insight into energy loss 
due to friction inherently present in everyday situations.
Audio sensor data is used in measuring the speed of sound and the Doppler effect, using one of 
the student’s device as a stationary or moving source, while the rest of the student devices are 
listeners.

Before and after the performed experiments the conceptual understanding of the investigated 
subject is measured by a simple questionnaire and contrasted to that of a control group.  

3 Conclusion

Our approach demonstrates that with the help of readily available mobile phone applications and 
with a moderate amount of custom computer code the classroom experience can be transformed 
into a shared communal event where all participants are involved and contribute to the learning 
process.

References

[1]J. C. Castro-Palacio et al., Using a mobile phone acceleration sensor in physics experiments 
on free and damped harmonic oscillation,  American Journal of Physics 81 (2013) 472  

[2]J. Kuhn, RELEVANT INFORMATION ABOUT USING A MOBILE PHONE 
ACCELERATION SENSOR IN PHYSICS EXPERIMENTS, American Journal of Physics 82
(2014)  94  

[3]Kluyver, Thomas et. al, Jupyter Notebooks – a publishing format for reproducible 
computational workflows. Loizides, Fernando and Scmidt, Birgit (eds.) In Positioning and Power 
in Academic Publishing: Players, Agents and Agendas. IOS Press. 87 (2016) 



691

  

Historic Instruments to Foster Authentic Learning of Physics. 
The Historical Collection of Physics Instruments of the 

University of Palermo
Aurelio AGLIOLO GALLITTO, Onofrio Rosario BATTAGLIA & Claudio FAZIO

Dipartimento di Fisica e Chimica, Università degli Studi di Palermo, Italy

Abstract. The study of historic physics instruments may be a powerful didactic tool in physics 
education, as the understanding of their use also in terms of the social, political, and scientific 
contexts they were designed and built can help students to see physics also from a cultural 
viewpoint and to foster authentic, in context learning, In this poster we describe some instruments 
of the Historical Collection of Physics Instruments displayed at the Department of Physics and 
Chemistry of the University of Palermo, Italy, and their uses in the historical context they were 
designed and built.

1 Introduction 

All science teachers commonly agree on the fact that empirical inquiry is the hallmark of the 
natural sciences. So, it is hard to imagine learning science without observing natural phenomena 
and reproducing them in a controlled environment (i.e. doing "experiments") to isolate and study 
the quantities typical of the phenomena one considers relevant for their description and/or 
explanation. Experimentation substantiates and contextualizes scientific knowledge and 
understanding. Laboratory is a perfect environment to foster student authentic learning [1-3], as
it allows them to think about the phenomena they want to study, to discuss them in specific 
contexts, solving real problems related to data collection and to build models representing the 
relationships among the quantities experimentally studied. In this way students can develop 
skills and attitudes, not only knowledge, which is just an intermediary step in the process.
In this view, it may be interesting for the learner to deepen the relationships between the 
laboratory instruments as artifacts and the natural phenomena they were designed to study, also 
from an historical point of view. For this reason it is common to find in many university science 
departments collections of historical instruments, often even specifically designed for didactical 
use, whose description is offered to the visitor and the student interested in understanding their 
use also in terms of their social, political, and scientific contexts.
In this poster we describe some instruments of the Historical Collection of Physics Instruments 
displayed at the Department of Physics and Chemistry of the University of Palermo, Italy [4-6],
and their uses in the historical context they were designed and built. The oldest instruments date 
back to the early 19th century, when experimental Physics began to be taught in the University 
by using instruments and apparatuses. A remarkable input to the Collection was given when 
Domenico Scinà held the chair of Experimental Physics in 1811 at the old “Gabinetto di Fisica” 
of the “Reale Università degli Studi di Palermo”. The Collection consists of more than 500 
instruments, many of which have constituted part of the apparatuses used for scientific research. 
The Collection mainly concerns mechanical, acoustic, calorimetric, optical, electromagnetic and 
modern physics instruments made by manufacturers in France, Germany, England, as well as in 
Italy. Many of the earliest instruments were made in the physics laboratory of the Department.
Although the oldest instruments were only employed for didactic demonstrations, the Collection 
faithfully reflects the main topics of the scientific research carried out in Palermo since the 
second half of the 19th century onward.
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3 Conclusion

Our approach demonstrates that with the help of readily available mobile phone applications and 
with a moderate amount of custom computer code the classroom experience can be transformed 
into a shared communal event where all participants are involved and contribute to the learning 
process.
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Analysis of some selected FCI tasks using eye-tracking
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Abstract. In our contribution, we analyse the problem solving of six FCI tasks by first-year 
university students using obtained eye-tracking data. Some characteristics like attention maps 
and sequences of fixations provide a deeper insight into the students’ approaches to the tasks 
verifying their conceptual understanding to Newtonian mechanics. We can confirm the
correctly answering students found the correct solutions more straightforwardly making their 
decision between fewer options. This is also supported by the analysis of fixation numbers 
and fixation times. The results show differences in the way novices and experts process 
questions. And enable to identify some persistent misconceptions.

1. Introduction

In recent years, eye-tracking has been increasingly used to explore how high-school or 
university students solve the problems from various parts of physics (see e.g. [1−5]). 
Measurement of eye movements provides some information about the underlying cognitive 
processes and visual attention during problem-solving. 

FCI (Force Concept Inventory) is probably the most commonly used diagnostic test to assess 
a student’s knowledge of Newtonian mechanics [6] and there are a number of studies on 
analysing and revising FCI. However, it is difficult and interesting to investigate what strategy 
students are using while trying to solve FCI questions. We hope our measurement could bring 
another small step further into understanding students’ minds, and in the evaluation of the 
problem-solving processes at the level of an undergraduate introductory physics course.

2. Methodology and technical parameters

Twenty-one perspective physics teachers programme students of our faculty in their first 
year of their university bachelor study completed 6 multiple choice tasks taken from the FCI;
all the selected problems included important graphical information presented through a picture.
The students solved the problems after the completing the corresponding parts within an
introductory course of classical mechanics (8 weeks of lectures and seminars instruction), the 
problems covered the kinematics, the first and the second Newton laws and the motion in the 
homogeneous gravitational field. Two of the tasks showed as rather difficult (with the item 
difficulty index values 0.29 and 0.19 respectively).

For our experiment the Gazepoint GP3 eye tracker with the sampling rate 60 Hz and spatial 
resolution (RMS) 0.1 degree was used. The problems were displayed on a computer screen,
placed in front of the participants, who were asked to read and solve each task silently, and say 
the answer aloud when they have solved the problem. There was a time limit of 15 min to 
complete all the 6 tasks. The data were then processed and analysed by Ogama program. We 
defined several areas of interests for each task (questions, multiple choice distractors and related 
pictures. We compared attention maps for the areas of interest and sequences of fixations for 
each problem and all participants (see e.g. Fig. 1 showing count of fixations for each area for 
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one student). Also, some eye-tracking measures were calculated including viewing times, 
numbers of fixations and average fixation durations. 

3. Conclusions
Our eye-tracking analysis confirms that more successful students tended to focus faster and 

spend more time on task-relevant details, sometimes they were able to proceed to the right 
answer straightforwardly after reading the main part of the question. We were also able to 
identify persistent misconceptions connected with the first Newton law for uniform rectilinear 
motion and the composition of motions in a uniform gravitational field.

Acknowledgements

The authors are obliged to their colleagues dr. Stanislav Popelka, Lukáš Richterek and 
Jan Říha for their encouragement and fruitful discussions. The authors also gratefully 
acknowledge the support of the EU Operational Programme Research, Development and 
Education project “Science Didactics and a practicing teacher”, reg. no. 
CZ.02.3.68/0.0/0.0/16_011/0000669. The measurement was completed with the technical help 
of Alexandr Benda, Anthony Benedikt (VSB - Technical University of Ostrava) and Tomáš 
Juřica (Faculty of Science, University of Ostrava).

References

[1] E. Ohno, A. Shimojo, and M. Iwata, Analysis of Problem Solving Processes in Physics Based on Eye-
Movement Data, In  Proceedings of the GIREP/EPEC international conference (Wrocław, July 6−10, 
2015) 64−70.

[2] J. Han, L. Chen, Z. Fu, J. Fritchman, and L. Bao, Eye-tracking of visual attention in web-based assessment 
using the Force Concept Inventory, Eur. J. Phys. 38, 045702 (2017).

[3] E. Hejnová and M. Kekule, Observing Students’ Problem Solving Strategies in Mechanics by the Eye-
tracking Method,  Scientia in Educatione 9(2) (2018) 102−116.

[4] M. Kekule and J. Viiri, Students’ approaches to solving R-FCI tasks observed by eye-tracking method 
Scientia in Educatione 9(2) (2018) 117−130.

[5] A. Susac, A. Bubic, M. Planinic, M. Movre, and M. Palmovic, Role of diagrams in problem solving: An 
evaluation of eye-tracking parameters as a measure of visual attention, Phys. Rev. Phys. Educ. Res. 15,
013101 (2019).

[6] D. Hestenes, M. Wells, and G. Swackhamer, Force concept inventory, The Physics Teacher 30 (1992) 141.

Fig. 1 Example of an areas of interest for the well-known FCI elevator task (translated into Czech)



695

  

A response system Mentimeter in physics lectures for pre-service 
primary school teachers 

Jerneja PAVLIN
University of Ljubljana, Faculty of Education, Kardeljeva ploščad 16, 1000 Ljubljana, Slovenia 

Abstract. The contribution presents the results of evaluation of the Mentimeter response system 
use in the lectures of Science - physics contents. The research was carried by 1st-year pre-service 
primary school teachers. The focus was on students’ interest changes if the response system is 
used every time and students’ opinion of students about the appropriateness of its use in the 
physics lectures and in general as well. 

1 Introduction 

Some misconceptions during schooling are difficult to change, especially using traditional 
learning methods [1]. Therefore, the importance of active learning and teaching methods is 
increasingly emphasized. Activities reflecting active learning and teaching approaches and can 
be easily used at the faculty during the lectures involve the use of response systems. 

Response systems lead to positive learning outcomes and help evaluate the achievement of 
learning objectives instantly [2-4]. They provide information on the current level of knowledge 
of the learners and help the teacher in planning further activities to eliminate misconceptions, 
filling the gaps in knowledge and understanding. It gives learners an insight into their 
knowledge, learning right away. However, many response systems are in basic versions free of 
charge and only smartphone and internet access are needed. One of them is Mentimeter, simple 
software used by more than 8 million people for creating fun and interactive presentations [5].

The contribution presents the results of the research of evaluation of the response system 
Mentimeter use in the physics lectures, and the indication of interest of pre-service primary 
school teachers in Mentimeter activity in physics lectures if the response system Mentimeter is 
used regularly.

2 Methods

The study included 87 1st year pre-service primary school teachers in the summer semester in 
the academic year 2017/18 in the course of Science, physical contents. Lectures were regularly 
attended by 65%, often by 26% and occasionally by 9% of students, 3% of students do not have 
a smartphone. 

The data were collected directly with the response system Mentimeter and the questionnaire. 
Twelve Mentimeter presentations with questions were prepared for the purpose of deepening the 
learning contents and eliminating misconceptions on topics measurement, force, motion, fluid 
properties, temperature, heat, electricity, magnetism, wave, light, optics, fluid flow. The first 
activity of 12 lectures in the scope of 2 school hours in the lectures was devoted to Mentimeter 
activity. On the basis of students’ collected answers, a discussion followed. At the lectures, the 
attendance and the number of students who participated in the activity with the Mentimeter were 
recorded. At the end of the semester, students completed the questionnaire, for obtaining 
information about students and their views on physics lectures with emphasis on the Mentimeter.
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3 Results and conclusion 

Results show that the percentage of students in the activity with Mentimeter during the 
lectures do not statistically significant decrease in the proportion of students participating in 
Mentimeter activity in lectures during the semester. Students report that the performed 
Mentimeter activities are appropriate and motivational, questions were challenging enough and 
suggest continued use of Mentimeter in physics lectures. In the opinion on the level of education 
where Mentimeter can be used, students are not uniform. The higher percentage believes that the 
response system is more appropriate in the teaching at the faculty than with their potential pupils. 
The importance of relevant questions is identified as well. Pre-service teachers also highlighted 
the role of the teacher, who should critically evaluate the learning objectives set according to the 
extent the use of response systems and their contribution to students’ achievements.  
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diagrams on the web 
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Abstract. A coherent series of maintainable open-access JavaScript libraries used to generate 
physics diagrams are introduced, with supporting reasoning.

Expressive diagrams

Expressing physics diagrammatically on a web page with the fruitful precision required in order 
to best support learning tends to be seen as a demanding technical task for technical illustrators.  
Few teachers or authors develop the necessary familiarity with illustration software in order to 
generate their own diagrams. This tends to lead to diagrammatic representation becoming a 
second-class citizen in communicating physics to young people.  

A second issue is that such diagrams often combine technical conventions, textual and 
diagrammatic, that act as tripwires for the authors, and perhaps even more so for any non-PER 
aware technical illustrators or animators brought in as external resources to execute the diagrams. 

A third issue is one of maintainability, especially with respect to textual elements. Whereas many 
high-end illustration packages do have hierarchical symbol sets, which allow a change to be 
propagated though a set of diagrams, they do not do so well when faced with similar tasks based 
on technical text. 

The poster will present a designed and implemented lightweight diagram language, based on 
p5js, optimised for publishing and curating physics diagrams. It has roots in the idea of a sketch, 
as implemented in the processing language, and in the graphic language which has informed the 
supporting Physics Teaching Project over the last 17 years. 

Ultimate flexibility and accessibility is provided by the use of code, as more or less anyone can 
type – and with appropriate support, get to an iterate, useable diagram in only a few lines, as the 
language encapsulates complexity, providing primitives in the physics domain rather than 
leaving eh authors to assemble a collection of Euclidian graphical elements. 

Authoring can be in any text editor, with all the power that this implies, including support for 
code-completion, snippets and syntax highlighting, matching the construction of diagrams to the 
thinking patterns of teachers of physics (Think “force with magnitude and rotation”, rather then 
“that arrow, with the right style of head, of the right length, varying the length stem but not the 
head of the arrow, and other graphic details). 

There are elements to allow for interaction such as sliders, dividers, buttons and checkboxes, as 
well as the ability to work in the three-dimensional space and two separately engineered 
implementations of an infinite canvas, allowing for comparison across multiple diagrams  and 
short-form narratives where multiple-step diagrams are preferred. 

A version of this system has been used to curate and publish many diagrams on the Supporting 
Physics Teaching Project for the last three years. So the system is well tested for representing the 
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3 Results and conclusion 

Results show that the percentage of students in the activity with Mentimeter during the 
lectures do not statistically significant decrease in the proportion of students participating in 
Mentimeter activity in lectures during the semester. Students report that the performed 
Mentimeter activities are appropriate and motivational, questions were challenging enough and 
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response system is more appropriate in the teaching at the faculty than with their potential pupils. 
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diagrammatic elements physics for 5-19 year old children. The system complements the physics 
markup language, presented at GIREP2018. 
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Coding in STEM education 
 

David Featonby Execultive member of Science on Stage Europe. 
5 The Dene , Wylam, Northumberland , England, NE41 8EN 

 
 
Coding has become more and more important in our society in recent years. To help increase 
the level of knowledge on a wide scale and to encourage the interest of young people in 
coding and IT Science on Stage focuses on equipping  the teachers.  
 
With its initiative 'Coding in STEM Education' Science on Stage offers a large variety of 
projects and activities, together with funding to support teachers in primary and secondary 
school to implement coding in their STEM classes and develop this area.: 
 
23 teachers from seven European countries develop concrete examples and practical advice 
about how to acquire coding skills using microcontroller such as Arduino and Raspberry Pi 
not only in computer science lessons but also in subjects such as biology, chemistry, 
technology, mathematics and physics - even if you are no IT expert. 
 
Science on Stage will get you with a  free hard copy of their new ebook  with concrete 
examples and practical advice about how to acquire coding skills using microcontrollers such 
as Arduino and Raspberry Pi not only in computer science lessons but also in subjects such as 
biology, chemistry, technology, mathematics and physics. Science on Stage is also setting up 
a  European Code League  and information is provided: Science on Stage invites STEM 
teachers and their students to get creative and join the European Code League. At the 
competition teachers and pupils present  their  most innovative coding projects for STEM 
lessons in primary and secondary schools, for a prestigious prize as well as recognition across 
Europe. 
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Abstract. One of the interesting facts about human senses is that they register the intensity of 
perception in a logarithmic fashion. We offer a pair of activities which are focused on 
demonstrating this fact experimentally. We start with a simple experiment of measuring the 
relationship between the amplitude of a sound wave and its intensity where we discover that 
hearing is logarithmic. Later students can discover a similar relationship for sight. Such activities 
can bridge the subjects of sound and light.

1 Introduction 

Throughout teaching Physics at all its stages, the physics teacher reminds his students many 
times of the imprecision of their senses when determining the magnitudes of physical quantities. 
This problem can be observed with such senses as is the perception of light, sound, pain,
temperature, taste and so on. This imprecision is caused by the way our senses perceive stimuli. 
Ernst Weber was the first who noticed that the change of intensity of perception is proportional 
to the percentage change of the intensity of stimuli[1]. Such a relationship can be represented as 
following:

𝑑𝑑𝑑𝑑 = 𝑘𝑘 𝑑𝑑𝑑𝑑
𝑑𝑑 (1)

Where P is the intensity of perception, I is the intensity of the stimuli and k is a constant 
specific to the given sense. Gustav Fechner, who based his work upon Weber, later modified the 
formula into the following form[2]:

𝑑𝑑 = 𝑐𝑐 log 𝐼𝐼 (2)

He has shown that our senses perceive the intensity of stimuli in a logarithmic fashion. This 
means that a stimulus twice stronger would not be perceived as twice stronger but just as a small 
change.

Although the aforementioned formulas are not a required part of physics courses[3], their 
application can still be found in some textbooks, e.g. Giancoli’s Physics: Principles and 
Applications[4]. Therefore, we propose two activities the teacher can use to develop students' 
ideas about human senses and Fechner’s law for hearing and sight.

2 Activity: The Intensity of Sound

Fechner's law requires the ability to measure two quantities, the intensity of perception 
(sound level) and the intensity of a stimulus (sound intensity). To measure both quantities it is 
enough to use a smart-phone's or a tablet's microphone as a sound sensor. That is why our 
first proposal will be based on using smart-phones/tablets. 

Using the smart-phone application Sound Oscilloscope, for example, allows us to measure 
and observe both required quantities at once. Using a harmonic frequency sound generator, 
we generate a specific frequency and change the volume while writing down the values of 
sound level and sound intensity. After acquiring a sufficient amount of data, we represent 
them graphically to reveal a logarithmic relation (figure 1). 
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Fig. 1. The relation between the intensity of perception and stimuli for hearing 

3 Activity: The Intensity of Light

Another activity can be also proposed for the perception of light intensity. However, 
smartphone sensors are not able to measure the latter. That is why, the activity we propose is 
more subjective. First a circuit must be built with three lightbulbs, one with a maximum 
intensity of light, another with a minimum intensity and the third with a changeable intensity. 
The person doing the experiment changes the intensity of the third light, so it will be, in his 
opinion, exactly in the middle of the given intensities. The intensities are subsequently 
measured using a smart-phone app, Physics Toolbox Suite for example, as a lux meter. 
Finally, the acquired data are graphically represented (figure 2). 

 

 
Fig. 2. The relation between the intensity of perception and stimuli for sight 

4 Conclusion

Human senses do not usually work in a linear, but a logarithmic fashion. To demonstrate this fact, 
we proposed two activities focused on two of the human senses, i.e. hearing and sight. We 
believe such activities can offer an interesting addition to physics courses which teaching sound 
and light.
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demonstrating this fact experimentally. We start with a simple experiment of measuring the 
relationship between the amplitude of a sound wave and its intensity where we discover that 
hearing is logarithmic. Later students can discover a similar relationship for sight. Such activities 
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1 Introduction 

Throughout teaching Physics at all its stages, the physics teacher reminds his students many 
times of the imprecision of their senses when determining the magnitudes of physical quantities. 
This problem can be observed with such senses as is the perception of light, sound, pain,
temperature, taste and so on. This imprecision is caused by the way our senses perceive stimuli. 
Ernst Weber was the first who noticed that the change of intensity of perception is proportional 
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formula into the following form[2]:
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means that a stimulus twice stronger would not be perceived as twice stronger but just as a small 
change.

Although the aforementioned formulas are not a required part of physics courses[3], their 
application can still be found in some textbooks, e.g. Giancoli’s Physics: Principles and 
Applications[4]. Therefore, we propose two activities the teacher can use to develop students' 
ideas about human senses and Fechner’s law for hearing and sight.

2 Activity: The Intensity of Sound

Fechner's law requires the ability to measure two quantities, the intensity of perception 
(sound level) and the intensity of a stimulus (sound intensity). To measure both quantities it is 
enough to use a smart-phone's or a tablet's microphone as a sound sensor. That is why our 
first proposal will be based on using smart-phones/tablets. 

Using the smart-phone application Sound Oscilloscope, for example, allows us to measure 
and observe both required quantities at once. Using a harmonic frequency sound generator, 
we generate a specific frequency and change the volume while writing down the values of 
sound level and sound intensity. After acquiring a sufficient amount of data, we represent 
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Abstract. We propose interdisciplinary teaching-learning sequences focusing on colors. How do 
we perceive colors? How do animals perceive it? How do some animals make unusual colored 
liveries? The proposal was initially tested with high school students in a summer school, then it 
was discussed in a summer school for science teachers in order to enhance the interdisciplinary 
aspects. Finally, it was proposed and discussed in a training event for in-service science teachers. 
Involvement and motivation in the learning process were the main reactions expected and the 
forecasts were fully achieved.

1 Introduction  

Interdisciplinary topics are usually more effective in teaching because they are able to arouse 
greater interest and motivate students [1-2]. Rarely, however, they are proposed in didactic 
practice especially when the skills of teachers of two different scientific subjects are needed.

The main difficulty lies in the fact that science teachers have had no experience of 
interdisciplinary learning paths [3] neither in their university studies nor in their initial training. 
For this reason, in the last years we have been promoting the designing and implementation of 
interdisciplinary learning paths involving teachers of different subjects.

Color vision is a fascinating subject that lends itself to many interdisciplinary studies. 
Presenting the point of view of the physicist and that of the biologist enriches the understanding 
of the topic, while the four-handed presentation allows to focus the attention of the teachers on 
the conceptual knots of the two disciplines.

2 Human Colour Perception

The path begins with the light that interacts with the material, distinguishing the light sources 
from the materials that interact with the light and scatter it.

The next step is to understand how light interacts with the organ of sight, i.e. the eyes.
Anatomy and physiology of the eyes are revisited following the physical processes that govern 
the vision: eye as a camera obscura, absorption of photons that have not been absorbed by the 
retina from melanin to reduce the background noise of vision, transduction of light energy into 
an electrochemical signal that can be transmitted from the optic nerve to the brain. The organs 
responsible for transduction are cones and rods that interact with the light in very different ways.
The cones respond differently to the light of different wavelengths. And yet colors that do not 
exist or how light intensity can affect the perception of colors (Purkinje effect).

3 Animal Perception

Animals perceive light and colors often differently from us. From the vision of the dog to that 
snake, from bees to birds, some species have a greater or lesser number of sensors with a 
maximum sensitivity in visible light, while others perceive electromagnetic waves outside the 
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visible wavelength region. The infrared vision of the snakes or the UV of the bees are some 
examples, up to the mantis shrimp with 13 different sensors ranging from infrared to UV and can 
also distinguish the polarized light.

4 Unusual Colored Liveries

The colors full of colors that can be observed in nature can be realized in totally different 
ways. They range from cells that contain chromophores, whose pigmented granules can give rise 
to different colors with different concentrations, to non-pigmented structures containing melanin 
whose structure determines iridescent colours like in butterflies or peacocks. Also in this case 
anatomy, physiology, chemistry and physics are necessary to understand how the colours of the 
liveries of living organisms are produced and sometimes how they change.

5 Conclusion

The learning path suggested some activities in physics lab, in order to better understand the 
underlying physics. The laboratories were tested with high school students (41 aged 16-18 y) in a 
summer school and the complete learning-teaching path was proposed in an interdisciplinary 
summer school for science teachers (18 participants).  A shorter version was proposed in an 
advanced course for teachers of scientific subjects.

Teachers discussed some aspects of the path, in particular the need to change the sequence of 
topics in the physics and biology curricula. As with other in-service training opportunities, it is 
not clear whether and how much of the proposed innovations are then elaborated and tested in 
the classroom.
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Abstract. This work is part of a PhD dissertation carried out in the context of a semi-annual 
subject addressed to pre-service teachers. We present a tool we have developed to understand and 
classify our students’ models of force. This tool is based on previous studies that establish 
relationships between historical physical models and students’ mental models. 

1 Context of the research

This study is part of a PhD thesis that focuses on a semi-annual subject called Didactics of 
Matter, Energy and Interaction (DMEI) in the Primary Education Teacher’s Degree. The aim 
of the dissertation is to find out how mental models and external representations of forces and 
their interrelation can help develop new materials and practices to improve the learning of the 
concept of force and develop new ways of teaching it in pre-service primary science teachers 
training.

The PhD purposes are (1) to explore how mental models; the use external representation 
and their interrelationship may improve the learning of the concept of force and (2) to design 
materials and practices to develop a better understanding of the concept.

2 Methods and aim of the study

We have designed different questionnaires and interviews to know if and how teaching 
materials we have developed conduct to a better understanding of the scientific model of
force. In particular, to identify how are the students’ mental models, a qualitative 
questionnaire has been developed. Students have responded the questionnaire before and after 
the teaching force sessions during the subject. In addition, to understand better how they work 
with mental models and representations and how they think, interviews about different 
physical situations have been made to a few students.

To analyse the interviews and questionnaires is needed to define what is a scientific model 
of force and how many different mental models students could have. 

In this work we aim to define and identify these models. 

3 Conceptual background 

We need to define what are physical and mental models. We understand that a physical 
model mediates between theory and reality. When a theory refers to an idealized physical 
system, the resulting description will be a physical model [1]. Mental model allows people to 
do inferences and predictions and to understand phenomena [2].  

Jammer [3] and Sequeira & Leite [5] expose in their studies similarities between the 
models of force of pre-Newtonian scientists and those of the students when they are learning 
forces. Based on these similarities, Brookes & Etkina [5] analyse how different pre-
Newtonian scientists and Newton himself, express their own models of force. 

In Table 1 we can see how they classify the models of force based on if ‘force’ has an 
active or passive role in the situation and if is internal or external to the objects. They analyse 
how the students use the language to express their own models and compare it with that of the 
scientists. 
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The PhD purposes are (1) to explore how mental models; the use external representation 
and their interrelationship may improve the learning of the concept of force and (2) to design 
materials and practices to develop a better understanding of the concept. 

2 Methods and aim of the study 

We have designed different questionnaires and interviews to know if and how teaching 
materials we have developed conduct to a better understanding of the scientific model of 
force. In particular, to identify how the students’ mental models are, a qualitative 
questionnaire has been developed. Students have responded the questionnaire before and after 
the teaching force sessions during the subject. In addition, to understand better how they work 
with mental models and representations and how they think, interviews about different 
physical situations have been made to a few students. 

To analyse the interviews and questionnaires is needed to define what a scientific model of 
force is and how many different mental models students could have.  

In this work we aim to define and identify these models.  

3 Conceptual background  

We need to define what physical and mental models are. We understand that a physical 
model mediates between theory and reality. When a theory refers to an idealized physical 
system, the resulting description will be a physical model [1]. Mental model allows people to 
do inferences and predictions and to understand phenomena [2].   

Jammer [3] and Sequeira & Leite [5] expose in their studies similarities between the 
models of force of pre-Newtonian scientists and those of the students when they are learning 
forces. Based on these similarities, Brookes & Etkina [5] analyse how different pre-
Newtonian scientists and Newton himself, express their own models of force.  
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In Table 1 we can see how they classify the models of force based on if ‘force’ has an 
active or passive role in the situation and if is internal or external to the objects. They analyse 
how the students use the language to express their own models and compare it with that of the 
scientists.  

Table 1. Brookes & Etkina [5] models of force 
Model of 

force 
Force is an agent.  Force is an internal 

desire or drive. 
Force is a passive 

medium of interaction. 
Force is a property 

of an object. 
Role / 

Location 
Active / External Active / Internal Passive / External Passive / Internal 

4 From Scientists models of force to students models of force 

As our students are pre-service teachers, we must adapt these models to their non-scientific 
language and graphical representations. We present this adaptation in figure 1. We are using it 
nowadays to code the questionnaires and interviews.  

  
Fig. 1 Force models 

5 Conclusions and implications 
In spite of the necessary adaptation, motivated by the cultural difference and expertise 

between pre-service teachers and physics’ students or professional scientists, all the physical 
models have their correspondence in students’ mental models.  

When we analyse the questionnaire and interview responses with this model definitions we 
can arise some conclusions. Students’ mental models are not exclusive between them. They 
can argue some responses with an Interaction Model and others with a Property – Object 
model. We see that are the situations proposed to analyse and the objects that are interacting 
that may facilitate specific models to be explained.  
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Abstract. In this research we analyze teachers' speech during a science lesson  in relation to

theirs goals, comparing results before and after implementing inquiry based science education

methodologies. An analytical method proposed in literature was used to characterize teacher -

students interaction. We chose a case study to inquire about teacher discourse and about  the

role they give to experimentation. To collect the data, recordings of classes were used and in-

depth interviews were conducted with teachers.  These data and analysis are part of a broad

research and provide ideias to allow us to understand the reality of science education in this

context.

 

1. Introduction

Science education at school in Uruguay frequently consist on guided hand-on activities with

little  space  for  actual  research  where  results  may  differ  from what  is  expected  and new

questions might come up. The idea of science as something holding absolute results and truth,

is  reinforced and it  is  reflected  on teacher  speech.  In  this  proposal  we intend to  analyze

students and teacher discursive interactions in two different scenarios: traditional and inquiry-

based science lessons (IBSE) [1].

2. Methodology

A qualitative research methodology of case study was used [2]. The results are shown for

teachers of third-grade (8-year-old students – SK2 in UK) of a school in Montevideo. Some

classes of these teachers were observed, checking that they use in all science classes similar

approaches.  We  had  in  depth  interviews  with  them  to  extract  information  about  their

conception of science and the role they give to experimental activities, giving the opportunity

to reflect about that. During a school year we had several meetings with the teachers with the

aim of analyze their  usual practise and work together  in  IBSE methodologies.  After  that,

IBSE  lessons  of  new  topics  were  carried  on.  All  classes  were  filmed  to  compare  both

methodologies  for  each  teacher.   For  analysis  we  used  an  analytical  tool  proposed  by

Mortimer  and Scott  [3]  for  speech and interactions  at  science  classrooms,  specifically  to
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investigate  meaning-making.  These  tool  is  based  in  5  items:  Teaching  Purpose,  Content,

Communicative Approach, Teacher Interventions and Patterns of Interaction, and established

two dimensions for the discourse between teacher and students: dialogic or authoritative and

interactive or non-interactive.

3. Results

We analyzed all items mentioned in section 2,  before and after using of IBSE. We observed

marked changes in teaching purpose and content. At a first glance, it seems to be changes in

the others items too. Likewise, a deeper analysis of interviews and videos, analysed in the

framework of Mortimer and Scott,  showed that there was not real changes in teacher’s speech

and their interactions with children.  They continued using an authoritative,  non-interactive

communicate approach, characterized by a discourse in which there is a specific point  of

view. The interaction patterns corresponding to the analysis of the talking turns during the

development  of  the  lesson  are  of  the  type:  teacher’s  intervention  –  student’s  answer  –

teacher’s validation (I – A – V). Another difference between both approaches is that there are

interactions between children, which in the first one did not occur. It is important to notice

that these patterns of interactions contrast with the idea of science that they claim to have in

interviews, as a social construction of knowledge. 

4. Conclusion

One can often generalize on the basis of a single case, and the case study may be central to

scientific development using a naturalistics generalization [4],  as supplement or alternative to

other methods. So in a preliminary result, discursive analysis of teacher speech showed that

persist the pattern of interaction with children. Even working with methodologies that give a

more active role to children in the construction of knowledge, deep down, the teacher's idea as

carrier of knowledge persists. This means that changes in the attitudes of teachers toward

science and its teaching constitute a more complex problem which requires a deeper analysis.

These findings bring us other questions: Why is so difficult to change methodology? How

teachers' beliefs about science influence their science education methods? And these questions

allow us to investigate more broadly improvements in science education.
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Abstract. Recently, teacher education in Austria has received major changes. Among other factors, 
profound content knowledge is essential for the professionalisation of teachers and the quality of 
their instruction. First evaluation findings of our physics teacher education program revealed 
deficits in the conceptual understanding of introductory mechanics. Since conceptual difficulties 
hinder meaningful learning of advanced topics and the development of pedagogical content 
knowledge we adapted courses by integrating parts of tutorials of the University of Washington. 
Our strategy to integrate small adaptions without changing the teaching modus as a whole showed
changes in self-efficacy and some impact on content knowledge.

1 Introduction  

International competitive students’ performance tests like PISA, TIMSS and PEARLS revealed 
deficits in the Austrian education system. As a reaction, a paradigm shift from input- to output-
orientation was initiated by the implementation of educational standards on the level of secondary 
education. Simultaneously, the education of future teachers was restructured. Now, Austrian 
teacher education programs follow a Bologna conform bachelor – master structure.

So far the quality of science teacher education in Austria has only been partly researched in 
terms of the three professional domains first mentioned by Shulman [1]: content knowledge (CK), 
pedagogical knowledge (PK) and pedagogical content knowledge (PCK). The new physics 
teacher education curriculum in Graz was developed based on research findings on professional 
knowledge . Educational formats were created that are supposed to intertwine the development of
CK and PCK: Physics teacher students have to attend physics lectures e.g. on mechanics in parallel 
to calculus based mechanics courses, mechanics labs and didactics courses covering the 
educational reconstruction and implementation of these topic for secondary students. While 
teacher students attend lectures and labs together with physics majors, the calculus based 
mechanics courses and the didactics courses are sui generis. So far, research on the implementation 
showed that students appreciate this intertwined structure [2]. However, the output lags behind our 
expectations. In our case studies, we identified a lack of substantial CK: typical students’
conceptions were reproduced by teacher students while solving FCI items in think aloud studies. 
Therefore, it is not surprising that certain PCK facets, which comprise the identification of 
students’ conceptions and knowledge about instructional practices triggering conceptual change,
are poorly developed. These results also go along with the findings of Sorge et al. [3] who showed
that deep conceptual understanding of CK is a prerequisite for the development of PCK.

The aim of our study is to identify simple and thus by our faculty members accepted 
modifications in the courses for teacher students that can improve their conceptual understanding 
in mechanics. In doing so, our focus is not to change the teaching modus totally, but rather to 
integrate small adaptions. In our experience, this makes it easier to find faculty staff who is ready 
to integrate such changes in other courses.
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2 Implementation of a tutorial approach and research design

In pursuing our goal to improve physics teacher students’ conceptual understanding of 
mechanics, we implemented minimal changes into the structure of the didactics course and the 
calculus based mechanics course (2 EC). This course is sui generis for teacher students, however, 
there are similar courses for physics majors. Instructors are used to identical educational settings 
(same exercises, same exams) in the courses for both teacher students and majors. In the course,
the students have to present the solution of tasks, which they had to prepare at home. In addition, 
there are several written intermediate examinations during a semester which are also graded. The 
focus is put rather on the output demonstrated in students’ performance during sessions than on 
their learning processes. Without changing the content and the general structure of the course, we 
implemented a tutorial approach for some topics, using tasks from the Washington Tutorials [4].

A pre-post-test design with intervention- and control-groups was used for evaluation. The pre-
and the post-test consisted of CK-items and different scales on beliefs and self-efficacy [5].
Additionally, we asked students about their certainty of response on the CK-items. Overall, the 
sample consisted of N = 169 students. The intervention group consisted of three sub-groups: those 
students who worked with tutorials either in three sessions of the calculus based course (I1; N =
13) or the didactics course (I2; N = 9), or both (I3; N = 7). The control group consisted of teacher 
students (C1; N = 14) and physics majors (C2; N = 126) who were not instructed with a tutorial 
approach in any course. Additionally, the results of the intermediate examinations were collected 
and considered.
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References 

[1] L. Shulman, Knowledge and teaching: Foundations of the new reform. Harvard educational review. 57  
(1987) 1–23. 

[2] I. Krumphals, M. Renner, C. Haagen-Schützenhöfer, Fallstudie zu FW und FDW von Ph-LA-Studierenden 
zu 'Actio und Reactio'. In: C. Maurer, Das Energiekonzept als Kernelement naturwissenschaftlicher 
Grundbildung. GDCP Jahrestagung in Kiel 2018. Universität Regensburg, Regensburg (in print). 

[3] S. Sorge, J. Kröger, S. Petersen, K. Neumann, Structure and development of pre-service physics teachers’ 
professional knowledge, International Journal of Science Education. 28 (2017) 1-28. 

[4] L. C. McDermott, P. S. Shaffer, M. D. Somers, Research as a guide for teaching introductory mechanics: 
An illustration in the context of the Atwood’s machine. American Journal of Physics. 62 (1994) 46–55. 

[5] D. Woitkowski, Fachliches Wissen Physik in der Hochschulausbildung: Konzeptualisierung, Messung, 
Niveaubildung. Logos Verlag, Berlin, 2015. 

  

Investigating the impact of a tutorial approach in physics teacher 
education 

Robert SEEBACHER, Claudia HAAGEN-SCHÜTZENHÖFER 

University of Graz, Institute for Physics, Department of Physics Education, Universitätsplatz 5, 8010,
Graz, Austria

Abstract. Recently, teacher education in Austria has received major changes. Among other factors, 
profound content knowledge is essential for the professionalisation of teachers and the quality of 
their instruction. First evaluation findings of our physics teacher education program revealed 
deficits in the conceptual understanding of introductory mechanics. Since conceptual difficulties 
hinder meaningful learning of advanced topics and the development of pedagogical content 
knowledge we adapted courses by integrating parts of tutorials of the University of Washington. 
Our strategy to integrate small adaptions without changing the teaching modus as a whole showed
changes in self-efficacy and some impact on content knowledge.

1 Introduction  

International competitive students’ performance tests like PISA, TIMSS and PEARLS revealed 
deficits in the Austrian education system. As a reaction, a paradigm shift from input- to output-
orientation was initiated by the implementation of educational standards on the level of secondary 
education. Simultaneously, the education of future teachers was restructured. Now, Austrian 
teacher education programs follow a Bologna conform bachelor – master structure.

So far the quality of science teacher education in Austria has only been partly researched in 
terms of the three professional domains first mentioned by Shulman [1]: content knowledge (CK), 
pedagogical knowledge (PK) and pedagogical content knowledge (PCK). The new physics 
teacher education curriculum in Graz was developed based on research findings on professional 
knowledge . Educational formats were created that are supposed to intertwine the development of
CK and PCK: Physics teacher students have to attend physics lectures e.g. on mechanics in parallel 
to calculus based mechanics courses, mechanics labs and didactics courses covering the 
educational reconstruction and implementation of these topic for secondary students. While 
teacher students attend lectures and labs together with physics majors, the calculus based 
mechanics courses and the didactics courses are sui generis. So far, research on the implementation 
showed that students appreciate this intertwined structure [2]. However, the output lags behind our 
expectations. In our case studies, we identified a lack of substantial CK: typical students’
conceptions were reproduced by teacher students while solving FCI items in think aloud studies. 
Therefore, it is not surprising that certain PCK facets, which comprise the identification of 
students’ conceptions and knowledge about instructional practices triggering conceptual change,
are poorly developed. These results also go along with the findings of Sorge et al. [3] who showed
that deep conceptual understanding of CK is a prerequisite for the development of PCK.

The aim of our study is to identify simple and thus by our faculty members accepted 
modifications in the courses for teacher students that can improve their conceptual understanding 
in mechanics. In doing so, our focus is not to change the teaching modus totally, but rather to 
integrate small adaptions. In our experience, this makes it easier to find faculty staff who is ready 
to integrate such changes in other courses.
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Abstract. This paper analyses how the relationship between Science-Technology-Society (STS), 
concerning the theme of energy, is presented in questions of the National Exam of Secondary 
School (ENEM) in Brazil in 2009. The theme of energy becomes relevant as it comprises the 
centre of the school curriculum in physics and it is permeated by STS and environmental issues. 
Based on the literature review of the STS perspective, a set of categories was created to assist the 
inferences and material interpretation. Hence, it was identified that the STS interaction aims at a 
problematization directed to the impact generated in the development of technologies.

1 Introduction   

This paper analyses how the relationship between Science-Technology-Society (STS)1,2,
concerning the theme of energy, is presented in questions of the National Exam of Secondary 
School (ENEM) in Brazil in 2009. 

The choice for this exam is justified by its current importance in the Brazilian educational 
scenario and the fact that it constitutes the main university entrance exam in the country. 

The theme of energy becomes relevant as it comprises the centre of the school curriculum in 
physics and it is permeated by scientific, technological, social and environmental issues. It also 
appears explicitly in the exam objectives in aspects such as identifying and characterizing energy 
conservation and transformation in different processes of its generation and social use; 
comparing different energy resources and options and critically analysing the social, 
environmental and economic implications of the processes of natural, material or energetic 
resources usage from both qualitative and quantitative perspectives. 

Regarding the theme that guides our study, specifically, in the matrix of competences and 
abilities ENEM (BRAZIL, 2009), aspects related to the concept of energy are constantly 
mentioned. Some approaches are indicated in the matrix 3, such as: 

(a) identifying and characterizing conservation and energy transformations in different 
processes of their generation and social use, and comparing different energy resources and 
options;

(b) analyzing critically, qualitatively or quantitative, the environmental, social and economic 
implications of the processes of utilization of natural, material or energy resources (BRASIL, 
2009).

These approaches broaden the meaning of the scientific concept of energy, a structuring 
content of physics teaching, introducing social, cultural, technological and environmental 
relations in the context of the challenges of the contemporary world. These relationships have 
been conceptualized by the community of science educators under the STS approach to Science 
Teaching.
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It is important to emphasize that the theme of energy, in its multiple technological and 
scientific forms of expression, is present in our daily life or in the production of material goods 
and services and therefore it assumes great relevance in all spheres of education.

2 The Analysis 

The STS 1,2,5,6 framework offers the theoretical basis for the data analysis. In the 
methodological aspect, the analysis of the selected material was centred in the principles of 
Bardin’s Content Analysis4, being divided in three stages. 

The first stage consists in the pre-analysis, which comprises in-depth reading of the material 
aiming at selecting what would effectively be analysed. The second stage encompasses the 
exploration of the selected material for the analysis, and finally, the last stage comprises the 
treatment of results, inferences and interpretation of the material. 

Based on the literature review of the STS perspective, a set of categories was created to assist 
the inferences and material interpretation. We observed that the approach to the theme of energy 
is accompanied by a discussion of aspects such as water pollution, destruction of wildlife habitat, 
expressive increase of CO2 in the atmosphere among other environmental damages. 

3 Conclusion

The exam questions highlight scientific content such as energy transformation, types of 
energy generation and solar energy, also introducing technological aspects associated with this 
content such as thermosolar plants and icecaps. Hence, it was identified that the STS interaction 
aims at a problematization directed to the impact generated in the development of some 
technologies.  Despite the attempt to approach social aspects, most of the material analyzed does 
not evidence an effective problematization of the issues, prioritizing the approach of scientific 
content. 

The present analysis made us reflect on some converging and divergent aspects between what 
was analyzed. Among them we can observe that the scientific content of the energy theme is 
strongly approached in discussions related to daily life.
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Abstract. This article elaborates on the alternative and misconceptions of learners in five concepts.  
The concepts studied were learner’s descriptions of a distance of 0m, a displacement of 0m, a speed 
of 0m/s, a velocity of 0m/s and an acceleration of 0m/ss. The study identified learners' alternative 
and misconceptions using a free response tests.  Senior high school grade 12 learners completed 
the tests. Several misconceptions were identified.  For example, one of the learners described a 
speed of 0m/s as “the rate at which a body moves with is 0”. This idea, however, is not compatible 
with the definition of a speed of 0m/s. The implication of these results is that, when learners cannot 
conceptualise the meanings of concepts that related to each other, distance, displacement, speed, 
velocity and acceleration.  They are likely to struggle in applying these concepts further in Physics.  
For example, the results of this study shows that learners were not able to comprehend the meaning 
of a displacement of 0m, thus they had challenges in the understanding of the concepts such as a 
speed of 0m/s, a velocity 0m/s and an acceleration 0m/ss.

1 Introduction  

This study investigates learners’ definition/descriptions and understanding of concepts in 
physics. Consistent with studies (Duit, Treagust & Mansfield, 1996) the investigation of learners’ 
conception of concepts reveals important insights into the learners’ ways of thinking and 
understanding in science, therefore assisting researchers and teachers to revise and develop their 
own scientific knowledge. 

2 Methodology

Research was conducted in one of the high schools in the North West Province of South Africa. 
From the sample of 26 grade 12 learners fourteen (14) learners were purposefully selected to 
participate in this research. Learners’ performance in Physical Science was used to select the 
participants. The academic year consist of four terms and learners write class tests to evaluate their 
progress. The research took place in the last term of their academic year. Only learners with an 
average of 70% in Physical Science and above from all the tests written in the four terms were 
chosen to participate. Their ages ranged between 15 and 18 years. In terms of gender, eight were 
females and six were males. The language of teaching and learning is English, however their 
mother tongue is Setswana. Grade 12 is the highest grade in high school in South Africa. Therefore, 
the grade 12 learners were identified as information rich and likely to be knowledgeable (McMillan 
& Schumacher, 1997) about the concepts of displacement, distance, velocity, speed and 
acceleration. A free response test originally consisting of eight items were developed to investigate 
learners’ conceptions qualitatively. The test was piloted in a different high school on a group of 
ten grade 12 learners and their teachers. This was done in an attempt to establish content validity.
Based on the results of the pilot study, and the comments from teachers, the test was modified 
resulting in the removal of three items. The final paper-and pencil test consisted of five items. The 
test was administered to a sample of fourteen grade 12 Physics high school learners. The test was 
administered in a regular class period and lasted 45 minutes.
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The expected sets of data were 70 definitions/descriptions and 70 graphs/pictures (14 learners 
multiplied by 5 test questions). The data analysed were 67 definitions and 69 graphs/pictures. A 
small number of learners did not attempt some definitions and one definition/description was not 
supported by a graph/picture. A phenomenographic case study were used to qualitatively study the 
different ways in which grade 12 learners think of the concepts in the test. 

3 Results of the study 

The research revealed that many of learner’s descriptions included the phrase ‘nothing’ “no” 
associating the ‘zero (0)’ to ‘nothing’. This resulted in defining some of the concepts non-
scientifically, hence the misconceptions were displayed. One important reason contributing to the 
misconceptions in definitions/descriptions of concepts was their association of zero (0) to everyday 
mother tongue talk. Since the concept “zero (0)” share common properties with the concept 
“nothing” in their mother tongue, for these learners these properties were necessary and sufficient 
to define the concepts given in the test. The research also confirms that students hold 
misconceptions in kinematics. Furthermore, the research reveals that students fail to formalise and 
contextualise 0 as a concept in kinematics.

4 Conclusion

The results of this research show that learners who participated in this research has difficulty in 
describing/defining the concept of a displacement of 0m, a distance of 0m, a speed of 0m/s, a 
velocity of 0m/s as well as an acceleration of 0m/ss. To date the literature has shown that there 
are misconceptions in kinematics but this research offers misconceptions associated with the
concept of “0” zero numerically attached to concepts distance, displacement, speed, velocity 
and acceleration. While this research does not offer a conclusive answer to the question of the 
alternative conceptions and misconceptions that learners have on the description/definitions of 
a distance of 0m, a displacement of 0m, a speed of 0m/s, a velocity of 0m/s and an acceleration 
of 0m/ss, it does offer new knowledge in the sphere of misconceptions in kinematics. 
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Abstract. Action Research is an intense strategy of connecting practice and research. New 
teaching approaches and materials in Physics were developed during a master course at Ilia 
State University in Georgia. Pre-service teachers conducted Action Research using 
observations, interviews, and questionnaires to test and evaluate these innovative approaches in 
the classroom. The current paper describes how Georgian pre-service teachers have been 
working to improve physics teaching in the 7th grade. After implementing the inquiry-oriented 
lessons modules, the pre-service teachers noted a positive tendency in terms of students’ 
involvement and motivation toward physics. Some lesson sequences and small-scale classroom 
research methods will be discussed below.

1 Introduction 

Georgia is still struggling to overcome the purely academic, subject matter structured, and 
teacher-centered paradigm in science and physics education [1]; Instead of focusing on 
process-oriented skills and capabilities that promote a successful, responsible life in society-
at-large, a strong focus on theoretical learning is still dominant in physics teaching at 
secondary schools in Georgia. Teacher interaction with and among the students is limited to 
short periods that employ guided questions and short answers. This interpretation of learning 
does not correspond to that which educational theory suggests as proper. Students are not 
motivated to learn physics and science subjects. Georgian students have poor results in 
international studies such as PISA and TIMSS. 

2 Action Research in Science and Physics Education

Action research is described as a cyclical process of planning, implementation, observation 
and reflection [2]. These cycles allow teachers to evaluate classroom practices for ongoing 
improvement [3]. Action Research is an effective tool for helping teachers to reflect on their 
own teaching practices. As such, Action Research is part of professional development and 
university courses in many countries [4]. Through reflection, teachers and student teachers
better understand students’ learning difficulties and also critically look at their own teaching 
practices. 

The action research used in this study aimed to increase students’ motivation and to alter 
teaching methods in physics. Instead of traditional approaches, the students explored various 
types of topics via experiments and discoveries.   

Pre-service teachers from Ilia State University conducted the study using an Action 
Research method. They used different instruments – observation, interviews, and pre-post 
questionnaires. In total, 37 students participated in this study – 18 of them were in an 
experimental class and 19 in a control class. Students for the experimental class were chosen 
randomly. Interventions and data collection were done during one semester. 

From the interview with the physics teacher, it was clear that he conducted lessons based 
on a traditional approach. Having studied the positive effect of inquiry-based learning during 
the university course at the laboratory [5], the pre-service teachers prepared teaching modules 
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based on inquiry. The topic of the first module was Archimedes Law. The module consisted 
of four lessons. Archimedes Law was investigated experimentally. The pre-service teachers 
collected data – they used diaries and observation plans, which was prepared during the 
university course. They realized that only 30% of the class was actively involved in 
conducting experiments. Group interviews were done with the students. 

Based on the observations and data analysis, the pre-service teachers planned the second 
cycle of the teaching module. The topic of it was Pressure and it was consisted of three 
lessons. The pre-service teachers planned the lessons with motivational activities including 
videos and experiments with visible results (less calculations and more visible effects). 

The pre-service teachers compared pre-post interviews and they stated that students liked 
the lessons with the experiments and became more interested in the subject. 

For the quantitative study, the pre-service teachers used motivational questionnaire [6].
After analysis of quantitative and qualitative studies, it was clear that in experimental classes 
students became interested to study physics and expressed positive attitudes towards the 
subject in general. For the control class, the results for the pre-post studies were the same.

3 Conclusion

This paper describes how pre-service teachers conducted Action Research to raise 
students’ motivation in Physics.  

At the stage of implementation, it was revealed that research-based teaching practice 
necessitates proper preparedness from the teacher as well as from the students. We believe, 
that the idea and importance of the methodology mentioned here should be precisely 
understood by the teacher so that it is correctly implemented during the learning process. At 
the stage of intervention, a positive tendency in terms of students’ involvement was noted. 
They constantly asked questions and tried to connect materials covered during the lesson to 
everyday life.  

On the basis of conducted Action Research, we can assume that a learning process oriented 
on students’ interests and needs leads to students’ fascination and involvement in the lesson, 
both of which are indicators of enhancing student’s motivation.  
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From the interview with the physics teacher, it was clear that he conducted lessons based 
on a traditional approach. Having studied the positive effect of inquiry-based learning during 
the university course at the laboratory [5], the pre-service teachers prepared teaching modules 
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Abstract. In this article, we report the "gestures of interpretation" of students from the fourth year 
of the intial years of elementary School on the form of the planet Earth, through their drawings, 
after reading a children's story. The theoretical-methodological framework used was discourse 
analysis, according to Pêcheux and Orlandi, evidencing the relation of terms: Author, repetition 
and meaning. We realized that reading together with the science teacher, through discussions, 
allowed modifications in the production conditions of the same in the classroom.

1.Typing Area  
The present study deals with an excerpt from a doctoral research [1], which was held in a 
public school, through a partnership with the university, which was set to advise teachers of 
the initial years of elementary school, acting in the first and second cycle s, in matters related 
to the teaching of science, particularly physics. In this article, we report the "gestures of 
interpretation" of students from the fourth year of the intial years of elementary School on the 
form of the planet Earth, through their drawings, after reading a children's story [2].

2 Referencial teórico- Metodológico

We usethe theoretical-methodological framework of the Discourse Analysis, according to 
Pêcheux [3] and Orlandi [4]. Orlandi [4] emphasizes important aspects referring to the 
repetition related to the imaginary of the memory of Interdiscourse, which present three 
distinct forms: a) Empirical repetition: repeats, parrot effect; b) Formal repetition: technique, 
another way of saying the same thing, C) historical repetition: historicizes the saying and the 
subject; it shifts; It crosses the evidence of the imaginary, allowing the iraccomplished to 
burst into the already established. 
3 Date Analisys 
 
Form of the earth 
and position of the 
student on the 
planet Earth 
(before reading)

Form of the 
earth and 
position of the 
student on the 
planet Earth 
(after reading)

Students 
(fictitious 
names)

Repetition type (empirical, formal or historical)

Round Earth and 
pupil in the middle 
of the Earth

Round Earth and 
pupil located on 
the surface of the 
Earth

Sara, 
Lucas, 
Henrique e 
João

Historical. Because this category of drawings, the 
student presented evidence of being able to cross the 
imaginary, and erupting in the previously established 
in his drawing. In this case, imagining yourself on the 
surface of the Earth.
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Round Earth and 
pupil in the middle 
of the Earth

 Round Earth, 
flattened on the 
poles and pupil 
located on the 
surface of the 
Earth

Leila, 
Márcia, 
Carolina 
eVictor

Historical. 
Evidence that students were able to use elements that 
appeared in the book, such as the earth drawn 
flattened at the Poles and interpret them in the closest 
way to the scientifically correct, by considering it at 
the top of the Earth's surface. 

Round Earth and 
pupil in the middle 
of the Earth

Round Earth, 
with imaginary 
lines and pupil 
located on the 
surface of the 
Earth.

Gabriela, 
Maria, 
Izabel

Historical. Evidence that students were able to use 
elements that appeared in the book, such as the Earth 
drawn with their respective imaginary lines and the 
object written USA on the surface of the moon and 
interpret them in the form closest to the scientifically 
correct, to Consider at the top of the Earth's surface 
(the object and the child itself). In addition, it is 
notorious batante the difference of the drawings 
before and after reading the book.

Round Earth and 
pupil in the middle 
of the Earth

Round Earth, 
with imaginary 
lines and pupil 
located in the 
middle of the 
Earth

Júlia Empirical. In the children's book, the image of the 
Earth appeared with their respective imaginary lines. 
We interpret that the student only added (repeating) 
this element in her drawing.

Round Earth and 
pupil in the middle 
of the Earth 

 Round Earth and 
pupil in the 
middle of the 
Earth

Artur e 
Gabriel

Empirical. Evidence that the students failed to 
interpret the story differently. Their respective 
drawings after the reading of children's history, 
remained with the same characteristics as the form 
and their location on Earth.

Table 1: Characteristics of the shape of the Earth present in the students ' drawings

3. Conclusion
We noticed that most of the students were able to present evidences of aspects of repetition of the 
historical type. Thus, the children's history used, proved to be quite significant so that students 
could abstract important scientific aspects on the theme "Form of the Earth". In addition, we 
noticed that reading together with the science teacher, through discussions, allowed 
modifications in the production conditions of the same in the classroom. 
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Abstract. Physics is an attempt to understand Nature, the world around us. This effort requires the approaching 
of the content of terms and the logical implications describing physical concepts and processes. However, it has 
been noticed that many students, in their study, focus in a superficial approach which they hope to help them to 
pass the exams. So, they neglect the essential conceptual approach to the issues. 
The major difficulties that impede the formation of physical concepts in the minds of the students are exposed 
below. Some characteristic examples are discussed in the following accompanied by helpful hints. 

Physics, as it is established today, after long-term efforts, is taught as a sequence of concepts, 
quantities, symbols, laws, and theories whose origin and necessity are not always obvious. This 
causes to the students a difficulty in approaching and understanding of the subject. There is a 
strong international concern about this situation [1, 2, 3]. 

Nowadays, the only vindication and product of Physics is manifested by its many and 
impressive applications through Technology, while the general character of this Science has 
been overshadowed. The contribution of Physics to areas such as aesthetics, culture and ethics 
is neglected [4]. It should not be forgotten that Physics is called to interpret everything, even 
Man himself, something that the ancient Greek philosophers had recognized, at a time when 
notions and ideas were not yet “locked” into complex mathematical formulas. 
Indicatively it is reported that the Stoics described philosophy as a garden, where the fence 
corresponds to the logic, the fruits correspond to ethics and the soil which is the basis of 
everything corresponds to Physics. [5] 

In this contribution the major difficulties that impede the formation of physical concepts in 
the minds of the students are discussed. Such difficulties arise by the use of language, the 
identification of physical quantities, the evolution of models, the idealization of conditions 
and reality, the recognition of symbols and their relations (equations), etc. Besides, useful 
hints are given to surpass the above. Apart from the recognition of the difficulties, an 
important element of the teaching strategic is the use of characteristic simple experiments.  
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Abstract. Our group is carrying out a collaboration project with a group of high school physics

teachers engaged in a Professional Development course promoted by DiSAT in Como, Italy.

Teachers will be able to create balanced and effective learning activities to be used in class to

reinforce the scientific skills required in the Final Exam of the Italian Secondary School (Esame

di Stato) and in the entire physics curriculum. We aim to determine effective way of collaboration

with teachers to design teaching and learning materials that could be effectively integrated in the

daily classroom activities.

1 Introduction

The last education reform in Italy aims to improve the way sciences are taught in Secondary

School.  In  order  to  accomplish  the  last  European  Council  Recommendation  on  Key

Competences  for Lifelong Learning Goals, the new curriculum design practices should help

teachers change their role in student’s learning process: from operating as mere reviewers of

knowledge acquisition to becoming facilitators of scientific skills development processes.

One of the main concerns among Italian mathematics and physics teachers is related to the

gap between how the physics curriculum is developed in classroom and the framework of the

Final  Exam Paper  (Esame di  Stato).  The exam simulation published in the last  three years

focused the attention on scientific skills such as hypothesizing, interpretation of experimental

data and making conclusions before content standards. In addition to that in 2018 a new school

legislation introduced the possibility of having an exam paper with problems that integrates

mathematics  and  physics.  For  this  reason  at  the  beginning  of  the  current  school  year  the

Department of Science and High Technology of Insubria (DiSAT) promoted a collaboration with

a group of about 40 mathematics and physics teachers of the Como school district in order to

support them in defining appropriate teaching activities to prepare students for the Final Exam

Paper. In this way the analysis of learning needs and goals will be easily extended to all the

entire physics curriculum and be used to design and plan learning activities since the first year of

high school. .

2 Method

An analysis  of the past collaboration between DiSAT and local  schools showed that the

transfer process of learning and teaching material from science researchers to teachers had not

been effective in terms of implementing the use of new teaching strategies. Our intention is to

collaborate with the teachers to design together good quality classroom activities that could be

easily introduced in their lesson plan and seen as a part of their daily teaching activity.
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We organized  a  series  of  meetings  with  the  high  school  teachers  to  solve  together  the

problems of the exam paper simulations that were published in December 2018. During these

meetings teachers defined which parts of the test are particularly challenging for the students,

pointing out the main skills (problem solving, data analysis and interpretation) needed to tackle

the  problems.  Teachers  also  shared  their  teaching  experiences  on how to  prepare  last  year

students for the Final Exam Paper and the lesson materials they used. Following a teachers’

request, all the teaching resources produced in the meetings were shared among the participants

and will be available in a public website.

Together with the group of teachers we are promoting a new series of activities aimed at

creating readily accessible lesson plans that could be used to foster specific scientific skills in

classrooms. The group will create formal tests in the same format (content knowledge, problem

solving and data skills) of the Final Exam Paper with a proper assessment sheet. The content of

these exam paper is related to laboratory experiences that the group of teachers will  run at

DiSAT to get usable real data. We are planning laboratory activities related to the main topics of

modern  physics  (photoelectric  effect  and  measurement  of  Planck  constant,  Sagnac  effect,

spectrometry) and electromagnetism (magnetic field measurements, electromagnetic induction,

falling magnets in an aluminum tube).

3 Conclusion

The collaboration between researchers and teachers is crucial to promote the development of

science skills. 

The ongoing activities have showed how school teachers are determined to improve the level of

their teaching through collaboration. The meeting have been good opportunities to share teaching

experiences  and  materials.  The  teachers  agreed  that  high  quality,  scientific  based  learning

activities need to be implemented into the curricular classroom activities and then become part of

daily  teachers’  practices  in  order  to  be  effective  and  now  look  forward  to  the  laboratory

activities.
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Abstract. We describe instructional materials designed to teach computer-based experimental 
skills using the LabVIEW graphical programming environment. Over the course of this 
instruction, students learn the LabVIEW programming language while constructing computer-
based instruments (digital oscilloscope, digital thermometer, spectrum analyzer), writing 
programs that explore useful data analysis techniques (signal averaging, curve fitting, Fast 
Fourier transform), and communicating with a stand-alone instrument over an interface bus 
(GPIB, USB). Examples will be given of how students have used their LabVIEW training in 
implementing independent projects and suggestions will be offered regarding minimizing the 
required cost and time for LabVIEW-based instruction. 

 

1 Introduction 

The personal computer (PC) has revolutionized the world of experimental physics research. 
Using software to control data acquisition (DAQ) devices or stand-alone programmable 
instruments connected to a PC (e.g., via expansion slots or USB interface), experimental 
setups can now be managed and data acquired, analyzed, stored, and presented on a scale and 
with speeds that were unimaginable just a few decades ago. Thus, most university instructors 
involved in the design of contemporary laboratory physics curricula feel strongly that a 
portion of each student’s education should be devoted to instruction in computer-based 
experimental skills. In this work, we describe instructional materials based on the LabVIEW 
graphical programming environment that we have developed and used in our upper-level 
advanced laboratory course. 

 

2 Instruction in Computer-Based Data Acquisition and Analysis using LabVIEW 

The graphical programming language LabVIEW (a product of National Instruments, based in 
Austin, Texas, USA) was created to facilitate control of DAQ devices and stand-alone 
programmable instruments and is widely used in present-day instructional and research 
laboratories [1–3]. In this graphical programming environment, tasks are coded by selecting 
and then properly patterning a collection of graphical icons. LabVIEW is a full-featured 
programming language and so includes commonly required computing functions such as 
looping, branching, sequencing, but LabVIEW’s most powerful capabilities are in the area of 
computer-controlled data acquisition and generation. 

Using our instructional materials, students first spend two weeks learning the fundamentals of 
LabVIEW including its programming environment, control loop structures, graphing modes, 
mathematical functions, and text-based MathScript commands while writing digitized waveform 
simulation programs. Next, the features of DAQ devices are presented (analog-to-digital, digital-
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to-analog, digital input/output, and pulse counting), along with concepts of digitized data such as 
resolution, sampling frequency, and aliasing, and students write LabVIEW program to construct 
computer-based instruments including a DC voltmeter, digital oscilloscope, DC voltage source, 
waveform generator, and blinking LED array. Over the following three weeks, students study 
more LabVIEW programming fundamentals—data file input/output, local memory, and 
conditional branching, while writing several useful programs (e.g., spreadsheet data storage, 
signal averager). They also explore two of LabVIEW’s data analysis functions—curve fitting and 
fast Fourier transform, and construct two computer-based instruments, a digital thermometer and 
a spectrum analyzer. Finally, in the last two weeks, control a stand-alone instrument over the 
General Purpose Interface Bus (GPIB) as well as the Universal Serial Bus (USB) is studied. A 
Keysight/Agilent 34410A Multimeter is used to demonstrate the central concepts of interface bus 
communication between a PC and stand-alone instrument. 

In this talk, we will summarize the content of our instructional materials and present 
alternative ways in which it can be adapted to the time and financial requirements of other 
institutions. While these materials are used as an eight-week instructional module in our 
advanced laboratory course, a professor who wishes to focus on just the fundamentals of 
LabVIEW programming as well as the basics of computer-based experimentation using a 
DAQ device can easily truncate the presentation into a four-week introduction to LabVIEW-
based data acquisition. In addition, we will discuss various purchase options to assist in 
adopting this instruction in a cost-effective manner. Finally, we will provide a few examples 
of how students have used their LabVIEW training in implementing independent projects. 

 

3 Conclusion 

Programs written in LabVIEW can be used to supervise the functioning of a DAQ device, 
which is capable of digitizing incoming voltages, producing outgoing voltages, and 
performing counting and timing operations. LabVIEW can also be used to communicate with 
stand-alone instruments (such as a multimeter or an oscilloscope) by sending text commands 
and receiving acquired data over the instrument’s interface bus (e.g., GPIB, USB). Here, 
LabVIEW-based instructional materials are discussed, which explore a wealth of topics 
related to modern computer-based experimentation. In addition to equipping students with 
state-of-the-art experimental skills, this computer-based instruction provides a cost-effective 
approach to laboratory instruction. Rather than having to purchase an expensive collection of 
stand-alone electronic equipment (such as DC voltage sources, function generators, and 
oscilloscopes), by simply writing appropriate LabVIEW software programs, a DAQ device 
can satisfy a great many of one’s laboratory instrumentation needs. 
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mathematical functions, and text-based MathScript commands while writing digitized waveform 
simulation programs. Next, the features of DAQ devices are presented (analog-to-digital, digital-
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Abstract. The purpose of the article is to describe some of the changes in the nature and the function of the 

integrated methods in physics education for the establishment of scientific literacy. In the article is presented a 
good practice in the organization and the realization of a lesson “The phenomenon diffusion” with 16 years old 

Bulgarian students. We conducted a physical lesson implementing integrated methods with biology and 
chemistry knowledge. The lesson also uses interactive methods combined with ICT,  which is a good 

prerequisite for the formation of basic key competences and natural-science literacy. 
 
The formation of the scientific literacy is a main purpose in the learning of natural science, 

which is assumed by their unity with respect to the object of the study - nature in its diverse, 
scientific methods and approaches.  Given this application to the integrated approach in the 
learning process in physics is a good opportunity for purposeful formation of sceintific 
literacy.  

Using the integrated methods in teaching physics phenomena is wildly applicable in 
various areas of school. Moreover, when is thought by different teachers, subjects’ specialists’ 
leads to better understanding and reflection of the learning material. Here are specifically 
described some of the possibility, opportunities for discourse, illustration and explanation of 
the phenomena “diffusion” from different points of view in the field of biology and chemistry. 
By applying an integrated lesson in physics education we will adapt the idea of unity and 
diversity of natural processes which is the main component of scientific outlook. „The 
integrated training which consists of a full and harmonious 
development of autonomous and creative personality – this being the goal of contemporary 
education “. [1] An integreted approach to teaching and learning physics phenomena deffers 
from the traditional in several aspects. In the integrated approach we emphasize on the 
following statemens: 

- General sceintifical understanding of the phenomena; 
- Various pedagogical methods;   
- Scientific literacy on the three subjects - biology, chemistry and physics;  
- Critical thinking and creativity. 
Teaching physics in the 21st century is a real challenge for each teacher. Nowadays, 

technology plays a vital role in the life of young people. This requires changes in the student’s 
education. Multimedia, virtual classrooms, and cloud technologies are just part of the 
contemporary education. Furthermore, we can apply a moderate balance between the textbook 
and the computer in order to transform the compulsory teaching materials more enjoyable and 
easy to understand by the students. 
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Conclusion 

 
The integrated lessons with the use of the ICT tools develop students’ ability to think 

logically and make learning interesting and exciting. It is also helping students to assimilate 
more easily the learning material, preparing experiments by themselves and presenting them 
in front of the class. Using integrated methods in school’s education help students understand 
the nature of the phenomenon „diffusion“ more deeply and also its application. Students are 
convinced of the social importance of scientific knowledge. They understand the unity of 
nature, the generality of scientific methods that are used in the various natural sciences. 
Students have better comprehension of the relationship between theory and practice.  
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Abstract. There are emerging more and more Concept Inventories for measuring of gain, but 
most of them are concerned about the very basics of physics and mathematics education. 
However, just quite a lower number of attempts are public about modern physics. Therefore, we 
decided to tackle the understanding of particles, particle physics and related topics. This 
contribution presents the first steps for creating such concept inventory which could be used by 
teachers of gifted upper secondary students and university students to investigate the effect of 
their education.

1 Motivation

Concept inventories became to be favourite tools for examining of obtaining of the basic 
concepts of some physics or mathematics topic. At [1], we can find more than 90 research-
based assessments, some of them translated in many languages. There is no instrument which 
can be used for the education of particle physics and related phenomena. That is the main 
reason why we decided to try to address this topic. Also, our faculty has long term 
experiences in particle physics outreach.

2 Other Concept Inventories 

The first worldwide known publication of extensive research related to a concept inventory
is Hakes introduction of Force Concept Inventory [2]. That article led to the boom of similar 
tests. One of the main criteria used to measure the degree of competences acquired during 
teaching is often called Hake’s gain. Although it has been upgraded, e.g. to normalized 
change [3]. Another example is the Calculus Concept Inventory which lies on the intersection 
of mathematics and physics [4] which we translated into our national language. 

3 Current state of preparation of Particle Physics Concept Inventory

The works on the Particle Physics Concept Inventory are just in the early stages. Even the 
name of this concept inventory is just provisional. At the moment it is only in our national 
language – 20 + 4 questions from different aspects of physics related to particle physics. 
Currently, most of them are closed question. The distractors are picked as expected wrong 
answers. We plan to switch question in different pilots to open-ended to find more tempting 
distractors. The reason for this mixed solution is that we usually observe low willingness to 
fill open-ended questions and that much more time is consumed for answering an open 
answer.

Example question: How many of nuclei decay due to radioactivity if we take 10 000 at 
time 0 and we wait for 1 minute when the half-time of radioactive decay of this isotope is 10
minutes?

A. 341
B. 500
C. 670 (right answer) 
D. 1 000 
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4 Plans for future

We want to establish cooperation with some organisation which could provide more 
respondents. 

The goal is to create an inventory for 15 – 30 min time for solving with 20 – 30 questions that 
is highly valid a reliable. 

We want to shift the inventory to be conceptual. Current version is testing in many cases
maybe more knowledge than its application. The goal is to rephrase and improve questions and 
to add also some more constants and some introductory information at the beginning of the 
paper. 

Any offers for cooperation are kindly welcome! 
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Abstract. In this work we show the implementation of the theorical construct Didactical 
suitability, withing the framework of the onto-semiotic approach (OSA), for the design and the 
analysis of the teaching practice in the subject Observation and analysis of the school culture,
corresponding to the second semester of the Degree in teaching and learning of physics. The 
study was carried out at the Escuela normal Superior de México (ENSM), in Mexico City. 
This scenario combines the work in the secondary school, with the preparation of stays and 
the analysis of the obtained experiences.
 

1 Introduction 
It is imperative to transcend the image of the teacher as a mere transmitter of knowledge. 
They are educational professionals, able to create inclusive, equitable and highly dynamic 
learning environments. The aim is for each teacher to have the necessary knowledge, skills, 
attitudes and values that lead to a high quality teaching practice. 
In the implementation of the study programs of the major in Teaching and Learning of 
physics in normal schools, particularly in the Escuela Normal Superior de México (ENSM). 
We propose a design and the analysis of the teaching practice from the theoretical approach of 
Didactic Suitability in the subject of Observation and analysis of the school culture, 
corresponding to the second semester of the major. In order to carry out a suitable 
instructional action, we consider that indicators are required to guide the teaching practice of 
teachers in training. The EOS [1], with its six components and corresponding indicators, 
constructed with curricular orientations for initial training and the competencies: generic, 
disciplinary, and professionals of school physics, provides us with a framework for the design 
and analysis of a study process. 

2 Theorical aspects 
We include in this section the criteria of suitability, the competences of Physics and the 
formative path in the stay in the secondary school. 

2.1 The scope of study and competences

The subjects and learning activities that make up the curricular map of the ENSM, have been 
defined from the desirable profile of a professional of higher education dedicated to teaching 
in secondary school [2].

The curricular design of the Bachelor in Teaching and Learning of Physics in 
Secondary Education under a competency-based approach includes: general education, 
specific training of the discipline and its didactic approach, together with this, the 
competences of a foreign language and those of the discipline of Physics. As a formative path, 
the student is incorporated from the first year to secondary school through teaching practice.
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2.1.1 Generic competences

- Solve problems and make decisions using critical thinking.
- Learn autonomously and shows initiative to self-regulate and strengthen your personal 
development.
- Collaborate with diverse actors to generate innovative projects with social and educational 
impact.
- Use critical information and communication.
- Apply communication and linguistics skills in different contexts.

2.1.2 Disciplinary competences

- Demonstrate deep understanding of fundamental physical concepts and principles, by 
posing, analyzing, solving problems and evaluating their solutions and processes.
-Build and compare mental and scientific models, identifying their essential elements and 
validity domains, as a basis for the understanding of physical phenomena.
-Use multiple representations to explain concepts, processes, ideas, procedures and methods 
in the field of physics.

2.1.3 Professional competences

-Use knowledge of physics and its didactic to make transpositions according to the 
characteristics and contexts of the students in order to address the curricular contents of the 
current plans and study programs.
-Designs the processes of teaching and learning according to current approaches to physics, 
considering the context and characteristics of the students.

2.2 Didactical suitability criteria

Epistemic suitability, cognitive suitability, affective suitability, interactional suitability, 
mediational suitability and ecological suitability. The operability of eligibility criteria requires 
defining a set of observable indicators, which allow assessing the degree of suitability of each 
of these criteria [3].

3 Methodological issues 
The study was conducted at ENSM in Mexico City. We worked with three students in
training, with an intensity of four and a half hours per week, for two months. Through
observation and educational practice under guidance, where these activities relate what has
been learned in the different subjects with the knowledge of the secondary school. This
scenario combines work in secondary school with the preparation of the stays and the analysis
of the experiences obtained, as well as that carried out in normal school.
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Abstract. This study aimed to evaluate student understanding of measurement uncertainties and 
graphing skills from solutions to open-end problems. Three problems from International Young 
Physicist’s Tournament (IYPT) in 2018 were selected. Data were from experimental reports to 
solve these problems submitted to a competition of best solutions. There were 24 reports of 
dancing coin, 27 reports of Heron’s fountain and 21 reports of conical piles. The analysis were 
performed by two physics instructors. As results, most reported significant numbers of data 
incorrectly and inconsistently. The reports indicated students might have problem with reporting 
uncertainty of data measured with digital instruments and time measured with stop watch. Many 
students also showed their lacks of skills in plotting graphs and including appropriate error bars. 

1 Introduction  

Acquisition of data relate to the measurement is fundamental to every science experiments 
(Jirungnimitsakul & Wattanakasiwich, 2017). Measured data have to be accurate and precise to 
enable correct interpretation. Students have to learn laboratory skills including recording their 
measurement of physical quantities with appropriate accuracy and representing data analysis in 
appropriate graphical terms. Graphs are an important means of communicating scientific data, 
and graphic representations are also powerful tools used by physicists to help them understand 
multifaceted experimental data. Physics teachers and students should use graphs as tools to 
understand complex data sets. In this study, we aimed to evaluate students’ data recording and 
graphing skills from experimental reports in solving two open-end problems. 

2 Methods 

2.1 Data collection 

 Data were experimental reports submitted to a best solution competition organized by 
Institute for the Promotion of Teaching Science and Technology (IPST). We only chose to 
analyze reports of three problems. These were “Dancing coin”, “Heron’s fountain” and “Conical 
piles” problems from International Young Physicists’ Tournament in 2018. Here are the problem 
statement: 

 Dancing coin— Take a strongly cooled bottle and put a coin on its neck. Over time 
you will hear a noise and see movements of the coin. Explain this phenomenon and 
investigate how the relevant parameters affect the dance.

 Heron’s fountain— Construct a Heron’s fountain and explain how it works. 
Investigate how the relevant parameters affect the height of the water jet.
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 Conical piles— Non-adhesive granular materials can be poured such that they form a 
cone-like pile. Investigate the parameters that affect the formation of the cone and the 
angle it makes with the ground.

There were 24, 27 and 21 reports for each problem, respectively. The reports were prepared 
with PowerPoint and submitted electronically.  

2.2 Data analysis 

The reports were analyzed in terms of how data was reported and represented graphically. 
Two college physics instructors had developed criteria in analysis. Figure 1 shows examples of 
uncertainty in measured data and a graph. 

Fig. 1 Examples indicating uncertainty in measured data and plotting graph 

3 Results and Conclusions 

This study is focused on evaluating students’ laboratory skills in recording precise and 
accurate data and plotting appropriate graphs. We found that most recorded significant numbers 
of data incorrectly and inconsistently, as shown on table in figure 1. Many schools did have 
problem with reporting uncertainty of data measured with digital instruments and time measured 
with stop watch. The findings indicated similar difficulties that most students have with 
measurement and associated uncertainty (Susac et al., 2017; Volkwyn et al., 2008). Many 
students also showed their lacks of skills in plotting graphs and including appropriate error bars. 
These were similar to previous findings about students’ graphing skills and difficulties (Nixon et 
al., 2016).  

  

Acknowledgements 

The authors would like to thank Institute for the Promotion of Teaching Science and Technology 
for providing experimental reports. 

References 
[1] S. Jirungnimitsakul and P. Wattanakasiwich, J. Phys.: Conf. Ser. 901 (2017) 012121.
[2] A. Susac, A. Bubic, P. Martinjak, M. Planinic, and M. Palmovic, Phys. Rev. Phys. Educ. Res. 13 (2017) 

020125.   
[3] T. S. Volkwyn, S. Allie, A. Buffler, and F. Lubben, Phys. Rev. ST Phys. Educ. Res. 4 (2008), 010108.  
[4] R. S. Nixon, T. J. Godfrey, N. T. Mayhew, and C. C. Wiegat, Phys. Rev. ST Phys. Educ. Res. 12 (2016),

010104.

  

Evaluating Student Understanding of Measurement Uncertainties 
and Graphing Skills from Solutions to IYPT Problems 

Nirut PUSSADEE 

Department of Physics and Materials Science, Faculty of Science, Chiang Mai University,          
Chiang Mai 50200, Thailand 

Pornrat WATTANAKASIWICH 

Thailand Center of Excellence in Physics, Commission on Higher Education, 328 Si Ayutthaya Road, 
Bangkok 10400, Thailand 

Abstract. This study aimed to evaluate student understanding of measurement uncertainties and 
graphing skills from solutions to open-end problems. Three problems from International Young 
Physicist’s Tournament (IYPT) in 2018 were selected. Data were from experimental reports to 
solve these problems submitted to a competition of best solutions. There were 24 reports of 
dancing coin, 27 reports of Heron’s fountain and 21 reports of conical piles. The analysis were 
performed by two physics instructors. As results, most reported significant numbers of data 
incorrectly and inconsistently. The reports indicated students might have problem with reporting 
uncertainty of data measured with digital instruments and time measured with stop watch. Many 
students also showed their lacks of skills in plotting graphs and including appropriate error bars. 

1 Introduction  

Acquisition of data relate to the measurement is fundamental to every science experiments 
(Jirungnimitsakul & Wattanakasiwich, 2017). Measured data have to be accurate and precise to 
enable correct interpretation. Students have to learn laboratory skills including recording their 
measurement of physical quantities with appropriate accuracy and representing data analysis in 
appropriate graphical terms. Graphs are an important means of communicating scientific data, 
and graphic representations are also powerful tools used by physicists to help them understand 
multifaceted experimental data. Physics teachers and students should use graphs as tools to 
understand complex data sets. In this study, we aimed to evaluate students’ data recording and 
graphing skills from experimental reports in solving two open-end problems. 

2 Methods 

2.1 Data collection 

 Data were experimental reports submitted to a best solution competition organized by 
Institute for the Promotion of Teaching Science and Technology (IPST). We only chose to 
analyze reports of three problems. These were “Dancing coin”, “Heron’s fountain” and “Conical 
piles” problems from International Young Physicists’ Tournament in 2018. Here are the problem 
statement: 

 Dancing coin— Take a strongly cooled bottle and put a coin on its neck. Over time 
you will hear a noise and see movements of the coin. Explain this phenomenon and 
investigate how the relevant parameters affect the dance.

 Heron’s fountain— Construct a Heron’s fountain and explain how it works. 
Investigate how the relevant parameters affect the height of the water jet.

P32



732

  

A study of characteristics of initial physics education in Japan 
based on students’ notebooks

Fumiko Okiharu

Center for Teacher Education, Tokyo University of Science, 278-8510, Japan

Akizo Kobayashi
faculty of Education,Niigata University, 950-2181, Japan 

Abstract. The normal students’ notebooks written in late 1800s were analyzed in order to clarify a new aspect of 
reality of initial physics education in Japan. Since the contents described in the notebooks reflects the contents of 
the actual lesson, there is a possibility that it differs from the educational reality made clear based on 
conventional laws and published textbooks. As a results, we clarified that teachers taught including cutting-edge
research results and social matters in addition to several textbooks.

1 Introduction  

We obtained digital data of many students’ physics 
notebooks written in late 1800s, from archives throughout 
Japan. In Japan, the modern educational system was 
estabulished in 1872, and it is well known that most of 
educational contens of science were imported from Europe and 
America. General research methods to cralify the reality of 
education at that time are to ascertain from laws or published 
textbooks. On the other hand, from our previous research based 
on analysis of students’ notebooks, it has become clear that
actual situation were quite different from common opinion[1].

We have clarified real physics education in middle school at 
that time, where contents of physics were sorted out topic by 
topic, reffered by many textbooks, such as written by M.Ganot, 
B.Stewart, M.Goto and so on. Futhermore, teacher’s ingenuity 
was also seen as thought to have actuallly been experimented 
with daily materials[2]. In the common opinion, it was unclear 
whether teachers experimented or not in the classroom. Fig. 1
shows Seiichiro Hirano’s notebook written in 1887, and the 
content of this notebook was almost same as a popular 
textbook, ”Shogakko seito you butsuri sho”, written by M.Goto 
published in 1885. Fig. 2 shows the figure of balance illustrated 
at the textbook. Comparison with Fig.1 and 2, you can see that 
the principle is easier to understand in the notebook and also 
specific experiment materials were also described.

In this study, we focus on the teachers’ aspect, and we will 
clarify from the notebooks, what they learn and if possible, how 
to learn.

2 Research target 

In this study, we analyse two students’ notebooks. 
One was written by G. Kurashige. He wad born in 1870, and learned at a normal school in 

Niigata from 1887 to 1891, when he was 17 to 21 years old. After graduate, he became a 
primary school teacher, and in late years, he was active as a principal at primary schools and a 
professor at the normal school. His many notebooks of his normal school days were oreserved 
in archive. Among them, we discover four physics notebooks and one teaching plan. 

 
Fig.2 the balance 
illustrated in the popular 
textbook (1885). 

 
Fig.1 the balance, in the 
notebook (1886). 
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Second one was written in 1890 by unknown student. However, teacher’s name was 
written. His teacher, Fusaki Sakurai was one of the first Bachelor in Japan. Sakurai graduated 
at science department of  physics, Furench course, the university of Tokyo in 1878, and 
became a teacher at the higher normal school in Tokyo in 1881. And in 1882, he studied in 
England and France. Becouse of teacher’s brilliant career, analysis of this notebook can be 
expected to be able to clarify the state of state-of-the-art physis education at that time. 

3 Result of analysis and conclusion 

From analysis of Kurashige’s notebooks, contents of popular textbooks written by 
B.Stewart and J. Udagawa. In the topic of “three state(solid, liquid, gas)”, there is following 
description, “In addition to what Stewart wrote, several years ago(from 1885), French and 
Russian physisists made new descoveries and now they are understood like this.”. It means, 
information of cutting-edge research results were introduced in Japan not only among 
physisits, but also educators. 

In the description of the meter definicion, it was written about the British inch, the French 
meter and the definition of the Japanese scale, “Shaku”. The meter treaty was made in 1875, 
and Japan joined 1885. The notebook was written in 1887, in 1889 the first International 
Conference on Weights and Measures was held and decied on the standard of length meters, 
so that the social topics of the time it might have been. As we introduce, there are so many 
international topics were written in this notebooks. 

Moreover, we descover the proof of experiments. Fig. 3 was a figure of the Cartisian diver 
in the notebook, which is exactly same as the one in the catalog of teaching materials 
company, published in 1882, while we have not discovered the same figure in the popular 
textbooks. 

As for the second notebook, it was clarified that it was cosiderably high level of 
educational contents. On the other hand, relationship with Sakurai’s carrer is still under 
investigation. 
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Fig. 3 Cartesian diver in 
the notebook (1887). 

 
 

Fig.4 Cartisian diver in the 
catalog of teaching 
materials company (1882). 

 
Fig.5 Cartisian diver in the 
popular textbook (1889, 
heavt edition). 

  

A study of characteristics of initial physics education in Japan 
based on students’ notebooks

Fumiko Okiharu

Center for Teacher Education, Tokyo University of Science, 278-8510, Japan

Akizo Kobayashi
faculty of Education,Niigata University, 950-2181, Japan 

Abstract. The normal students’ notebooks written in late 1800s were analyzed in order to clarify a new aspect of 
reality of initial physics education in Japan. Since the contents described in the notebooks reflects the contents of 
the actual lesson, there is a possibility that it differs from the educational reality made clear based on 
conventional laws and published textbooks. As a results, we clarified that teachers taught including cutting-edge
research results and social matters in addition to several textbooks.

1 Introduction  

We obtained digital data of many students’ physics 
notebooks written in late 1800s, from archives throughout 
Japan. In Japan, the modern educational system was 
estabulished in 1872, and it is well known that most of 
educational contens of science were imported from Europe and 
America. General research methods to cralify the reality of 
education at that time are to ascertain from laws or published 
textbooks. On the other hand, from our previous research based 
on analysis of students’ notebooks, it has become clear that
actual situation were quite different from common opinion[1].

We have clarified real physics education in middle school at 
that time, where contents of physics were sorted out topic by 
topic, reffered by many textbooks, such as written by M.Ganot, 
B.Stewart, M.Goto and so on. Futhermore, teacher’s ingenuity 
was also seen as thought to have actuallly been experimented 
with daily materials[2]. In the common opinion, it was unclear 
whether teachers experimented or not in the classroom. Fig. 1
shows Seiichiro Hirano’s notebook written in 1887, and the 
content of this notebook was almost same as a popular 
textbook, ”Shogakko seito you butsuri sho”, written by M.Goto 
published in 1885. Fig. 2 shows the figure of balance illustrated 
at the textbook. Comparison with Fig.1 and 2, you can see that 
the principle is easier to understand in the notebook and also 
specific experiment materials were also described.

In this study, we focus on the teachers’ aspect, and we will 
clarify from the notebooks, what they learn and if possible, how 
to learn.

2 Research target 

In this study, we analyse two students’ notebooks. 
One was written by G. Kurashige. He wad born in 1870, and learned at a normal school in 

Niigata from 1887 to 1891, when he was 17 to 21 years old. After graduate, he became a 
primary school teacher, and in late years, he was active as a principal at primary schools and a 
professor at the normal school. His many notebooks of his normal school days were oreserved 
in archive. Among them, we discover four physics notebooks and one teaching plan. 

 
Fig.2 the balance 
illustrated in the popular 
textbook (1885). 

 
Fig.1 the balance, in the 
notebook (1886). 
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Quantum Physics Course for future secondary school teachers: 
active learning approach and visualization tools

Zdeňka KOUPILOVÁ

Charles University, Faculty of Mathematics and Physics, Department of Physics Education, 
V Holešovičkách 2, 180 00 Prague, Czech Republic

Abstract. This contribution describes aims and implementation of the Quantum Physics course 
specially designed for future physics teachers at secondary and high schools. Although the course 
syllabus is the same as for the courses for future physicists, emphasis is placed on understanding
of basic concepts and students’ ability to discuss about them. The active learning methods and 
various means of graphical representations are used to meet this goal. The course has been tuned 
to its present form for about ten years and reaches very positive feedback from students.

1 Introduction

We have seen shift from traditional teacher-centred teaching approach to student-centred 
active learning (AL) approaches; there are various researched-based AL methods and physics 
education research has confirmed their higher effectivity. [1]

This contribution describes such shift in undergraduate Quantum Physics course for future 
physics teachers which gives us unique opportunity to let them experience the complex use of 
AL approach personally in order to inspire them in their own future practice. The course 
syllabus is nearly the same as for future physicists, however, teaching methods and aiming are 
different – we place great emphasis on understanding the basic concepts and the ability to talk 
about them without using advanced mathematics and aware of possible misunderstandings.

2 Course characteristics

The course is included in the 4th semester, usually includes 13 weeks of instruction. The 
course consists of two sessions per week (one is 180 minutes, the other 90 minutes long), both 
with the same organisation – no traditional differentiation to lecture and problem-solving 
seminars occurs. Our study groups are relatively small, not more than 20 students. 

3 Teaching methods

The instruction consists of lecturing parts (e.g. formulations of theoretical principles, 
mathematical derivations of formulas etc., 10-30 minutes long) and AL blocks following one 
another. These AL blocks include dealing with ConcepTests using the Peer Instruction method 
[2], small group and whole class discussions and collaborative problem solving. 

Our intention is to gradually implement the flipped classroom approach, however, we are 
limited by the absence of an appropriate study text in Czech (though we are developing one).
We have successfully integrated regular Just-in-Time teaching assignments [3] and for time-to-
time reading assignments and online chat, we use Perusall environment (http://perusall.com/).

4 Visualization and other graphical methods

To meet our goals – understanding of basics concept and ability to speak about them, we use 
various “picture-based” activities (Fig. 1). Emphasis on graphics is the most-visible difference 
of our course from other lectures. We discuss various pictures and charts in books. 
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Fig. 1: Students exploring characteristics of Schrödinger 
equation solution by picture matching

Fig. 2: Screenshot of 1D Quantum Potentials 
program (made by Tomáš Škraban, student of the 
course, http://fyzweb.cz/materialy/qm-potencialy/)

Very beneficial are interactive applets; we use some well-known ones like Physlets Quantum 
Physics [4], PhET applets (https://phet.colorado.edu/) and QuVis project (https://www.st-
andrews.ac.uk/physics/quvis/). In case there are not any suitable applets available, we create 
our own ones in software like MS Excel or Wolfram Mathematica. Furthermore, two projects 
arose from needs of this course – Orbitals [5] for hydrogen eigenfunction visualisation and 1D 
Quantum Potentials displaying solution of various 1D problems (Fig. 2).

5 Feedback

For four years, this course has been among the best rated courses in official student feedback
of our faculty. We have obtained also very positive feedback in our own surveys, e.g.

• I appreciate the great number of pictures, animations, applets we worked with. I
cannot imagine how I could understand what quantum physics is about without them.

As negative aspects, students typically mention unusualness, less arranged notes and higher 
time demand during the term. The course success is proven by students’ behaviour, i.e. students 
willingly fulfilling voluntary tasks. From several students who had already finished their studies 
we have received reports that they have tried to use those teaching methods they had 
experienced in our lessons.

6 Conclusion

We have a unique opportunity to have a course tailored to the needs of future teachers. We
have good student feedback and excellent results in the faculty survey. We have also started a
research to compare the test results of our students and students of other courses, Quantum 
Mechanics Survey (QMS, [6]) will be used. 
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Networked professional learning of physics teachers in  
a remote area of Scotland

Stuart FARMER 

Institute of Physics, 37 Caledonian Road, London, N1 9BU, UK 

Abstract. The literature shows that professional learning is most effective when it is 
collaborative, in the context of the teachers, includes input and challenge from knowledgeable 
others, and focussed on valued pupil outcomes.  The project described here investigated what 
professional learning was most valued by teachers of physics, what barriers exist to prevent 
teachers access valued professional learning, and how a networked learning community of 
physics teachers in a relatively remote area can be developed to best meet the professional 
learning needs of teachers.

1 Introduction 

The Institute of Physics (IOP) has supported teachers of physics by providing subject-
based professional learning (PL) through its Teacher Network since 2003. This study, 
conducted between September 2017 and June 2018, first determined what the PL needs and 
aspirations of teachers of physics are in the north-east of Scotland and investigated what 
barriers exist which prevent these being realised. This was done using focus groups involving 
26 teachers across 6 schools in 4 local authorities (districts) in the north-east of Scotland. It 
then investigated in greater depth the development of a networked learning community 
(NLC), of 17 physics teachers across 8 secondary schools in a relatively remote area of 
northern Scotland; a drive of around four hours from the main cities of Edinburgh and 
Glasgow. 

2 Views of physics teachers regarding their professional learning 

The main findings from the focus groups were: 
2.1 Subject-specific and generic PL 

Teachers valued highly PL opportunities with their departmental colleagues, in local 
networks, and from subject specific organisations such as the Scottish Schools Education 
Research Centre (SSERC) and the IOP. This contrasted with negative views displayed 
towards much generic and less context-specific PL and many sessions during events such as 
whole-school in-service days. 
2.2 Coherence of PL provision 

Teachers and schools are subject to a mixture of competing policy agendas - national, local 
authority, school, department and individual - which are often not well aligned with teachers 
feeling disenfranchised in the decision making process.   
2.3 Collaboration 

Teachers in all focus groups expressed a desire to collaborate with others, both formally 
and informally. There was a recognition that it was appropriate for teachers to be members of 
several networks or discourse communities, such as departments, between-school networks, 
and online fora. All teachers identified their departmental colleagues as a significant source of 
PL. Subject networks were seen by most as important opportunities for collaborative 
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between-school working. Teachers in all schools did not think the most was made of these 
meetings or that they operated effectively.  Improved co-ordination, facilitation and leadership 
is required. 
2.4 Inputs from Knowledgeable Others 

Teachers valued inputs from KOs. This included colleagues with specialist expertise as 
well as others from SSERC, IOP, universities and elsewhere. 
2.5 Remoteness and rurality 
Remoteness from the main population centres was a more significant issue regarding access 
to PL than rurality as the issue of remoteness was reflected in the responses of teachers in 
urban areas in the same way as in more rural areas. 
2.6 Barriers to effective PL 

The (interrelated) barriers to effective PL included:  
 Lack of time  
 Excessive workload  
 Initiative overload 
 Lack of appropriate access to PL in more remote areas  
 Other commitments, such as child-care, conflicting with the PL available  
 Insufficient funding  
 Lack of opportunity for choice or influence of PL provision  
 Lack of PL leadership, facilitation or co-ordination within and between schools. 

3 Developing a Networked Learning Community of physics teachers 

During 2017-2018 six twilight meetings were organised to help develop a discourse 
community and promote the collaborative working of the physics teachers in a relatively 
remote area. These meetings had a mix of inputs drawing on KOs from within and beyond the 
group. Teachers in this group were sent questionnaires at the beginning and end of the year 
and around half were interviewed at the end of the year to determine the impact of the NLC. 

The main findings were: 
1. Although the NLC meetings were valued, they had led to only a limited amount of 
collabrative working between meetings. There was no evidence that the NLC meetings had 
stimulated teacher enquiry approached to PL. 
2. The NLC provided the only face-to-face input of subject-specific KO support for many of 
the teachers. 
3. Time and support was required for leadership and facilitation to enable the NLC to operate 
more effectively. 
4. A consistency of attendance is required to allow teachers to build good relationships. As 
the NLC was meeting outside normal working hours pressures on teachers’ time prevented 
many from attending as many of the meetings as they wished. 

4 Conclusions 

It was found that a NLC can meet the PL needs of physics teachers by providing an 
effective discourse community and access to some KOs. However, for further progress to be 
made a clear alignment of teacher, school, local authority and national policy is required, with 
teachers having significant input to its direction. By doing so both physics teacher PL needs 
will be met as well as national PL policy agendas. 
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Wetting and Capillarity – What to do at Physics Lessons?  
Vera KOUDELKOVA 

Charles University, Prague, Czech Republic 

Abstract. We present in the contribution an activity which is focused on wetting and capillarity. 
Experiments with hydrophobic coating are part of the activity too. We use this activity at both 
upper and lower secondary school level, detailed description of the activity and our experience 
with it will be discussed at the poster. 

1 Introduction 

Capillarity and wetting play a very important role in many peoples´ activities – from 
agriculture on the one side to washing dishes on the other side.  

During the latest years some hydrophobic coatings have become available and are used in 
many, not only industrial, applications. Is it possible to use them for example for walls from 
which water would flow; terrace without rime; car window which is (according to advertisement) 
always clean; impregnation for clothes… and many more. 

There are many questions, which could be interesting for students. They ask about 
impregnation, detergents, behavior of outdoor materials etc. 

The topic is interesting for students; it is possible to show them many applications for their 
normal life, and some experiments which are very attractive for students. So the wetting and 
capillarity effect could be very useful topic for teaching physics or science.  

Teaching-learning activity we present in the poster shows what is possible to do in this topic.  

2 About the activity 

The whole activity is prepared for one or two lessons. In the first part, students discuss a few 
photos of water droplets on different surfaces (see fig. 1). The main goal of this task is to show 
them that wetting of (not only water) depends on both – the liquid and the surface. It is possible 
to discuss with them contact angle between liquid and surface and tell them what the 
hydrophobic surface is.  

The next part concerns modification of surfaces of liquids, which we used for less or more 
wetting – students know different types of impregnations, we can discuss how detergents work. 
How impregnation or detergent work can be seen on water droplets (on the same surface with 
and without impregnation or water with and without detergent on the same surface) too. 

   
 

Fig. 1 Water droplets on different surfaces: Teflon (left), outdoor jacket (center) and plexiglass (right) 
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Third part of the activity is about behavior of water on hydrophobic surfaces. We use 
hydrophobic coating Newer wet [1], but it is possible to buy some other (for example, some 
students know video [2] in which different coating is used).  

Last part concerns capillarity effect. This topic is obligatory in Czech upper secondary school 
curriculum, but is often taught at lower secondary too. 

The activity was used in physics lessons at both upper and lower secondary school level, the 
feedback is very positive – students appreciate that the topic is practical, it is from their normal 
life. Students impulsively comment experiments with hydrophobic coating such as “Wow, that is
great!”. We use experiments with hydrophobic coating at some outreach activity for public and 
people appreciated it too. 

3 Conclusion 

Topic concerning wetting is interesting for students and is related to students´ normal life. 
Hydrophobic surface is very attractive for students and give teachers the opportunity to show 
them a material which is new but important in industry. 

The poster will present the activity in detail; we will discuss our experience using this activity 
during physics lessons too. 
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Accelerated computation for accelerated physics 

Duncan Carlsmith

Dept. of Physics, University of Wisconsin-Maison, 1150 University Ave., Madison, WI, USA

Abstract.  Development of computational skills in physics students is one pressing challenge
identified  by  the  2016  AAPT/APS  JTUPP  report.  This  challenge  has  been  addressed  by
integrating computation in an introductory 2-semester honors course first-year university physics
students.  The  computational  aspect  of  the  curriculum is  physics  data  driven  and  introduces
modelling  and  analysis  techniques  normally  reserved  for  an  upper-level  undergraduate  or
graduate level numerical methods course. An example exercise is the reproduction of published
LIGO results on compact object mergers from open-source data.

1 Introduction 

The 21st century is increasingly a world of big data with new challenges and opportunities for
physics students. To compete in pure and applied science, and in other arenas, physics students
need preparation in basic computational skills and practice in every-more sophisticated data
analysis techniques using computers. In recognition of this fact, a recent AAPT/APS Joint Task
Force on Undergraduate Physics Education report [1] has emphasized the need to provide or
improve the computational experience of physics undergraduates in a localized fashion.

In response, rather than re-ignite an upper-level computational methods course for pjhysics
majors, I have introduced a rigorous computational element beginning with 1st-year students who
intend to major in physics, applied math engineering and physics, or astronomy physics. The
computation aspect is designed to enhance rather than compromise physics content. It includes
weekly computational  exercises  that   explore simple  and quite  sophisticated methods using
simulated or real large physics data sets. Topics include maximum likelihood fitting of nonlinear
functions to data such as open data from the LHC and QUARKNET and notch filtering and
periodogram analysis of open LIGO data (Figure 1). The same techniques are then applied by
students  to  acoustic,  video,  and  other  electronic  data  they  collect  themselves  in  laboratory
sessions. The most ambitious students have embarked on deep learning exercises. 

Student feedback in surveys has been largely appreciative despite the larger workload. For
several students, their computation immersion has positively impacted their ability to land a
research position as 1st year students or in the summer after their 1st year.
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Fig. 1 Comparison of simple analysis of gravitational interferometer compact-object merger data with published
result used in the curriculum. The same techniques are applied by students to analyze acoustic data. [Image by

Duncan Carlsmith]

2 Conclusion

Combining computation with introductory physics presents many exciting opportunities to
enhance  and  widen  the  traditional  curriculum  while  providing  skills  undergraduates  may
immediately exploit in their intermediate and advanced course work and in research experiences.
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simulated or real large physics data sets. Topics include maximum likelihood fitting of nonlinear
functions to data such as open data from the LHC and QUARKNET and notch filtering and
periodogram analysis of open LIGO data (Figure 1). The same techniques are then applied by
students  to  acoustic,  video,  and  other  electronic  data  they  collect  themselves  in  laboratory
sessions. The most ambitious students have embarked on deep learning exercises. 

Student feedback in surveys has been largely appreciative despite the larger workload. For
several students, their computation immersion has positively impacted their ability to land a
research position as 1st year students or in the summer after their 1st year.
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Diagnostic competence is a key component of teachers’ professionalism. In educational settings, 
diagnostics aims to support students’ individual learning processes. In teacher education, the 
development of teachers’ diagnostic competence must be focused. Therefore, the aim of the 
presented study is the implementation of a learning environment to foster teacher students’ 
diagnostic competence with regard to students’ conceptions. Following a Design-Based research 
approach, a first version of the learning environment was implemented and accompanying 
research was conducted. Preliminary findings of the 14 case studies show that teacher students’ 
ability to predict and detected students’ conceptions increased. 

1 Introduction  

Recently, teachers’ diagnostic competence has generated considerable research interest. 
Appropriate diagnostics is seen as a requirement for high quality instruction [1]. In addition, 
teachers’ diagnostic competence influences teachers’ actions e.g. teachers’ lesson planning and 
teaching as well as dealing with heterogeneity. Therefore, the development of teachers’ 
diagnostic competence should be an essential goal of teacher education [2, 3]. 

Within educational research, the understanding of the term diagnostics is diverse. Based on a 
broad literature review von Aufschnaiter et al. [2] established four kinds of diagnosis: status 
diagnostic, process diagnostic, change diagnostic and course diagnostic. All four kinds share the 
major aim of diagnostics namely, the support of students’ knowledge and skills [1]. In order to 
best accomplish this aim, a cyclical diagnostic process, using diagnostic competence and 
knowledge, has to be carried out [4]. So, in order to address the purpose of teacher education to 
further the development of teacher students’ diagnostic competence, appropriate learning 
environments must be developed and implemented.  

The consideration of students’ conceptions plays an essential role for high quality physics 
instruction [5]. Therefore, the diagnosis of students’ conceptions for adaptive teaching is 
important. The presented study aims to develop and implement a learning environment in a
physics didactics course to foster teacher students’ diagnostic competences concerning students’ 
conceptions. 

2 Research Design & Methods 

The design of the learning environment, focusing on diagnosis of students’ conceptions, is 
following a Design-Based Research approach [6]. Thus, our study is guided by the major 
research question: Which elements of the learning environment foster and hinder teacher 
students’ learning processes concerning diagnostics with regard to students’ conceptions? 

The learning environment is designed for a physics didactics course of the 6th semester. 
Major elements of the learning environment are three training video vignettes [7]. Each video 
shows secondary students (in groups of 3-4) during their collective solving process of an item 
of the Force Concept Inventory (FCI). So, these videos provide learning opportunities for 
teacher students’ to train their diagnostic competence in detecting students’ conceptions. 
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The first version of the learning environment was tested in a physics didactics course, 
attended by 14 students, in spring 2018. Data collection included teacher students’ written 
artefacts produced in the course, recorded videos of the group discussions during the training 
through the video vignettes, course evaluation and a self-reports of teacher students’ learning 
gains. In addition, questionnaires covering pre-knowledge and conceptions about diagnostics, 
content knowledge, beliefs about teaching and learning [8] and self-efficacy dealing with 
students’ conceptions [9] were conducted. Overall, a case study taking several possible 
influencing aspects of teacher students’ learning processes was carried out.

3 Preliminary findings & Conclusion 

Preliminary findings show minimal changes in teacher students’ content knowledge 
concerning content covered by the used video vignettes. As basic content knowledge is a
prerequisite for the diagnosis of relevant students’ conceptions, fundamental concepts addressed 
in the video vignettes have to be more focused in the next design cycle of the learning 
environment. In terms of beliefs about teaching and learning and self-efficacy dealing with 
students’ conceptions, no significant change was detected. Furthermore, first indications for the 
impact of the learning environment on diagnostic competence of teacher students’ such as
teacher students are able to predict and describe students’ conceptions more precisely, were 
found. In order to get deeper insight in physics teacher students’ learning processes, a more 
detailed analysis and the triangulation of the collected data has to be done. As the whole study 
covers a broad range of data, we will focus on presenting a few interesting aspects of the case 
studies in our poster presentation.  
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Abstract. Standardized tests to measure the knowledge of students in different domains are an 
important area of physics education research. A test like this is missing for the topic of 
electromagnetic radiation. To construct such a test, key ideas were developed, and 18 open ended 
questions were generated. Those question were given to 25 teacher students in Vienna and their 
answers were analyzed. The results met expectations and showed a basic knowledge about 
radiation for most of the teacher students. The false answers will be applied to a future test in the 
multiple-choice format where they will act as distractors.

1 Introduction and theoretical background 

Since the beginning of the 20th century, mankind has been actively using radiation in various 
forms (terrestrial television, X-ray, radio waves, etc.). Although radiation is omnipresent, there is 
still very little research on the knowledge and ideas of students in this field. Both nationally and 
internationally elaborate test instruments, such as the FCI-Test [1] for Newtonian mechanics or 
the PCK-test [2], which can be used to evaluate teaching concepts, do not exist. This gap will be 
filled with this research project which focuses on the development and evaluation of a conceptual 
test for the field of electromagnetic radiation. In order to be able to construct an appropriate test, 
it is necessary to know previously documented students’ conceptions and to incorporate them 
accordingly. 

Plotz [3] did a thorough literature review for most students’ conceptions on radiation. As he 
pointed out, there are different conceptions for different kinds of radiation. UV for example is 
referred to as “very bright blue” or infrared as intense red light. Students also are not able to 
distinguish between ionizing and non-ionizing radiation. In addition, the difference between 
different types of radiation was practically unknown. Rego and Peralta [4] conclude their article 
with the following quote: “Radiation issues must be one of the topics present in non-university 
physics programs, or else, an important aspect of our modern daily life will continue to be a 
mystery.“. Little has changed since then. 

2 Method 

The development of the test follows the "classical" steps. In a first phase, items are developed 
and evaluated through an expert rating, analyses of the empirical data and improved if necessary. 
The items themselves are open-ended first and will be multiple-choice in the final test. The 
development is initially taken place in German, with the aim of translating the finished test to 
English. The improved items are piloted and evaluated in a larger sample. After a further 
improvement and development, the test will be used to collect an Austria-wide baseline. The aim 
is to develop a valid and reliable test instrument for the content area of electromagnetic radiation. 

First, a detailed description of the knowledge area was given, which is based on the 
preparatory work carried out (literature review and basic ideas). This description led to a 
structural model which described and modeled the field of knowledge of electromagnetic 
radiation in different facets. This model was the base for the creation of a task or item pool. The 
author designed the initial 18 open-ended questions. Those question were than discussed with 
four experts in the field. Afterwards they were given to 25 teacher students in Vienna. The 
answers were analyzed to get some insight to the thought process of students on the topic. In 
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addition, we were looking for false answers to get some ideas, if the initial students’ conceptions 
can be found in our group.  

3 Preliminary results 

After reviewing the literature, the key ideas proposed by Plotz [3] were used to create the first 
items for the questionnaire. Understanding those four key ideas should enable students to get a 
sound understanding of electromagnetic radiation.  

1. Electromagnetic radiation is classified by wavelength and ordered at the spectrum. 
Every electromagnetic radiation has a defined place on the spectrum. 

2. Electromagnetic radiation needs no medium to propagate. Every electromagnetic 
radiation propagates with the speed of light through vacuum. 

3. Electromagnetic radiation is omnipresent. We are surrounded by all types of 
electromagnetic radiation in different intensities. 

4. Electromagnetic radiation transports energy and interacts with matter in different 
ways depending on the wavelength and matter. 

For each of the four principles three to five questions and items were developed. As an 
example, one question is displayed: “Is there a place that is free of any form of radiation? If so, 
what are the requirements of such a place. If not, why do you think so?”

As expected, most teacher students got some answers right and were able to give the right 
explanations to the questions on the questionnaire. Surprisingly though, some answers were 
completely wrong. Some students differentiated the velocity of different kinds of radiation 
because of the different wavelength and other students answered the question above with 
“maybe it’s possible although it’s technically complex” or with the vacuum as a place without 
radiation. The teacher students also made a distinction between artificial and natural in relation to 
danger although there is no influence on the probable danger of a kind of radiation. 

Overall, we were surprised that the number of false questions or false explanations was that 
high. Most of the students were in their 7-th semester and near their graduation and should have 
at least a good understanding of the subject. 

4 Discussion 

The first stage of the development was successful and the answers of the teacher students 
helped to get a better understanding of the problems the questions raise. The fact that teacher 
students did not excel in the test showed that the topic of electromagnetic radiation should be 
paid more attention. As we move forward we will incorporate the results from this first pilot 
study to develop the questions for the next stage. In the winter term 2019 the next stage of the 
test will be enrolled to 400 students of physics in their first semester. At our poster we discuss 
the different results and implications for the development of the future test. 
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The concept of students’ conceptions is central in science education and research. However, a 
concise and accurate definition of the term students’ conceptions is still absent. Therefore, a 
Delphi-study, inviting more than 200 professors and postdoctoral researchers in the field of 
German-speaking physics education, was conducted. Main purpose was to find, opinions about 
necessity for a general definition and if possible, implicit agreement among this term. First results 
indicate a need for a concise definition, especially for its use in physics teacher education. Based 
on our results, broader discussion among other communities dealing with this term is necessary.

1 Introduction  

For more than 30 years, the concept of students’ conceptions is an important part of science 
education research. In physics teacher education the curricula often cover the concept of 
students’ conceptions already in introductory physics didactics courses. Additionally, following 
the educational reconstruction [1], students’ conceptions play a main role in designing learning 
arrangements. Therefore, students’ conceptions are central in physics education and research. 

However, a stringent definition is still missing, particularly in the German-speaking literature. 
Wodzinski [2, 3] further developed the first attempts to define the term students’ conceptions by 
Schecker [4] and Niedderer and Schecker [5]. In Wodzinski’s definition, "...this [refers] in 
general to students’ understanding before they receive formal instruction [...]" [2], the terms 
pre-conceptions and students’ conceptions are used synonymously and both refer to a temporal 
connection prior instruction. Additionally, the term misconception that categorises a student’s 
conception as false. Within the German-speaking community, Wodzinski’s understanding of 
students’ conceptions still remains undisputed. Possible explanations for this fact could be either 
the missing attempts to define the term on a normative level or still no studies have been 
published to empirically grasp the concept of students’ conceptions [6]. 

Concerning physics teacher education, the concept of students’ conceptions is a basic concept 
taught in physics didactics courses. First evidence shows, that teacher students develop an 
insufficient understanding of students’ conceptions within their studies [7, 8]. Therefore, a 
concise definition of the term students’ conceptions for physics teacher education is required. 

Main purpose of the presented Delphi-study is to clarify (1) whether a concise definition of 
the term for students’ conceptions has been established implicitly in the German-speaking 
community and (2) whether the community explicates the need to formulate such a concise 
definition for physics education research as well as for teacher education. 

Beforehand, an explorative study on physics teacher students’ conceptions about the term 
students’ conceptions was conducted. This exploratory study aimed to empirically confirm 
students’ partially inadequate conceptions about students’ conceptions and therefore, reveals the 
issue to define the term for teacher education. 

Within the next sections, the methods and the results of explorative study as well as the 
Delphi study will be described. 
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2 Research Design & Methods 

The explorative study of physics teacher students’ ideas about the term “students’ 
conceptions” comprises an open questionnaire administered at two Austrian universities. All 
students (n=110, 4th – 6th semester) already had instruction about the topic of students’ 
conceptions within their introductory physics didactics courses. 

The results of the explorative study underlined the issue for a clarification of the term 
students’ conception for physics teacher education. Consequently, a Delphi-study within the 
German-speaking community was conducted, inviting over 200 professors and postdoctoral 
researchers to take part. The classical design of the Delphi-study [9] consists of three phases. 
Within all phases we used online surveys. The qualitative analysis of the answers and its 
provision with the community aims to reach consensus.  

3 Preliminary findings & Conclusion 

Results of the exploratory study show that teacher students mainly describe students’
conceptions in combination with false ideas. Additionally, the answers show that students’ 
conceptions can be eliminated by instruction. Furthermore, the majority of students connect 
students’ conceptions just with pupils. 

The first phase of the Delphi-study is already finalised. 27 experts in physics education 
research completed the first online survey. First findings show a disagreement about the 
necessity of a concise definition due to the fact that about half of the participants answered the 
yes-no question with yes. We additionally found several ideas and some attempts to give a 
definition. The analyses points to different forms of constructivism as one core component of the 
definition. Nevertheless, we are looking forward to the results of next phases. 

In our poster presentation we will report the results of the Delphi-study as well as of the 
explorative study. We hope to start a discussion about the term of students’ conceptions beyond
the domain of physics education research and connect to other science domains.  
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Abstract. Almost everywhere in the world the STEM labour force is under pressure. Students’ 
interest in technology decreases steadily from the age of 8 to 16. Many interventions have been 
proposed to counter this decrease. In this study fifteen-year-olds were sent on a two-day 
internship inside a technical company to see what the effects of the various design principles of 
these internships was on their attitude towards technology and the informedness of their choice 
towards a STEM career. 

1 Introduction  

In many countries in the world people are looking for ways to have more students 
successfully finish a STEM education in order to prevent an imminent shortage of technically 
educated people in the labour market. Based on a review of relevant literature Barmby [1] states 
that the interest in technology decreases steadily with age in pupils in secondary education. In the 
only longitudinal study in this area Ardies [2] reports that this decrease mainly takes place 
between the ages of 8 and 16. To contribute to the knowledge about this decrease and to find 
solutions to reverse it, a two-day internship with technical companies was developed. Such an 
internship may change pupils’ attitudes towards technology, and motivate them to choose a 
STEM career. During the design process the internship was tested on in total 68 pre-college 
fifteen-year-olds in two cycles of try-outs. 

2 Method 

To measure pupils’ attitude towards STEM various measurement instruments have been 
developed out of which we have chosen the reconstructed Pupils’ Attitude towards Technology 
(PATT) test [3]. Both before and after their internship the PATT-test has been given to the pupils 
together with background questions on internship characteristics that are considered to be 
influential on pupils’ career choices. Pupils’ senior secondary school choices for onward 
education (culture, economics, health, or technology) were registered both before and after the 
internships. To assess the effectivity of the internships both the results of the PATT-test and 
pupils’ choices for onward education were compared with the possibly influential characteristics 
of the internship. 

3 Results 

In the first try-out we found similar decreases in pupils’ scores on the PATT-test in both the 
group that experienced the internships and the control group. Based on the results of the first try-
out we redesigned the internships to have more involvement of pupils’ parents/caretakers and 
encouraged the pupils’ mentors to involve the pupils in actively using technology available 
within the company. 

Using this internship in the second try-out resulted in no decreases in pupils’ scores on the 
PATT-test in both the test and the control group. There was only one internship characteristic 
that was confirmed to be influential in both the first and second try-out. Internships in which 
pupils had the idea that their internship had been useful to the company showed a positive 
influence on pupils’ attitude towards technology.
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The design principles behind the internship, their effects and more will be discussed during 
the presentation. 
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Abstract. Working in the advanced fields of Quantum Computing and Quantum Cryptography 
requires a deep comprehension of basic QM concepts and formalism. We present a formative 
intervention that was carried out with five computer science PhD students at the University of 
Verona (Italy) centered on the superposition principle in the space of photon polarization states 
and aimed at building the basic QM concepts and related formal structures by means of 
experiments based on laser interferometry and computer simulations, with a focus on quantum 
information applications. The proposal includes an experiment-based session using the Mach-
Zehnder set-up of the Thorlabs optical Quantum Eraser Kit.  
 
 

1 Introduction 
 
Teaching Quantum Mechanics (QM) at graduate and post-graduate levels is becoming 

increasingly important in non-physics specializations such as Mathematics and Computer 
Science. In particular, working in the advanced fields of Quantum Computing and Quantum 
Cryptography requires a deep comprehension of basic QM concepts and formalism also in an 
operational way. The Qubit is a quantum mechanical superposition of mutually exclusive 
physical variables, Quantum Key Distribution (QKD) consists in the generation (e.g. with a 
laser) of a train of quantum particles (e.g. single photons or two correlated photons) and on the 
measurement of incompatible observables (e.g. polarizations in the rectilinear vertical/horizontal 
and diagonal 45°/135° bases). This kind of professional formation requires learning how to 
manage concepts and formal structures concerning photon polarization and building a functional 
understanding of the superposition principle, mutual exclusive and incompatible properties, and 
of the new concept of measurement in quantum mechanics. 

In this work, we present a formative intervention for teaching QM to Computer Science post-
graduate students. Starting from the works of Ghirardi and Michelini [1,2,3], we developed and 
experimented a didactic approach centered on the superposition principle in the space of photon 
polarization states aimed at building the basic QM concepts and related formal structures by 
means of experiments based on laser interferometry and computer simulations, with a focus on 
quantum information applications. 

 
2 Description of the formative intervention 

 
The formative intervention was experimented with five Computer Science PhD students at the 

University of Verona (Italy) divided into two phases. The first one (three hours) is based on the 
qualitative exploration of the interaction of light with a calcite birifrangent crystal and with 
Polaroid filters addressing the concept of intensity, polarization and the Malus law and their 
interpretation in terms of electromagnetic waves. Then the photon model is introduced leading to 
the interpretation of the intensity of a photon beam as related to their number, of the Malus law 
in probabilistic terms and to the recognition of polarization as a property of photons. This arises 
the question of the meaning of polarization as a property of a single photon and of the 
superposition principle for a single photon in the space of polarization states up to the difference 
between a statistical mixture of photons and a beam of photons each one in a superposition state. 
The Dirac formalism that allows describing the polarization in the circular left/right, rectilinear 
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vertical/horizontal or diagonal 45°/135° bases is explained, highlighting the distinction between 
mutual exclusive (orthogonal) states and incompatible observables and the concept of 
measurement in QM. 

The second phase (four hours) is an interactive experiment-based session conducted through 
assemblement of the Thorlabs optics kit for the Quantum Eraser experiment [3]. The 
experimental set-up is a Mach-Zehnder laser interferometer, equipped with linear polarizers, 
which allows to perform measurements on separated arms at the cost of some difficulty in the 
alignment. With this set-up students are guided to understand through constructive and 
destructive interference the meaning of H and V (as well as 45° and 135°) polarization states 
being mutual exclusive (orthogonal) and of the two (H, V) and (45°, 135°) bases being mutual 
incompatible.  

The laser interferometry and the polarization measurements allow also to conduct the Which-
Way Feynman experiment of the double-slit to demonstrate the complementarity of wave and 
particle nature of light [4,5]. The limit down to the single photon interpretation is here obtained 
through a computer MATLAB simulation that allows to understand the experimental results in 
terms of single photons. On the simulation, the laser source is simulated as train of discrete 
particles and the interference figure obtained in the Mach-Zehnder set-up is built from the (slow) 
arriving of separate hits by sampling the wave-intensity as probability function of the photon 
position in space.  
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Abstract. The coefficient of restitution of the bounces of a marble on a table is here studied and 
measured in terms of the total bouncing time. Interesting links arise with mathematics (geometric 
series) as well as philosophy (Zeno's paradox), which make our proposal appealing for an 
interdisciplinary teaching-learning sequence. The relevance of this work for high school and 
undergraduate students is discussed. 

 

1 Introduction 

In this contribution we study the bouncing of a marble on a table by focusing on the 
progression of time intervals separating successive bounces. We find that, by measuring the total 
time of bouncing Δt, the coefficient of restitution ϵ can be estimated. In fact, in an inelastic 
collision the kinetic energy is not conserved, therefore the speed decreases. There is a simple 
relation between speeds vi and vf, before and after the collision, respectively, which defines ϵ: vf
= ϵ vi (ϵ < 1) [1]. By measuring the initial height h0 from which the marble is released, as 
depicted in Fig. 1, the coefficient of restitution ϵ can be expressed in terms of the total bouncing 
time as:  

𝜖𝜖 𝜖
∆𝑡𝑡𝑡𝑡2ℎ0

𝑔𝑔

∆𝑡𝑡𝑡𝑡2ℎ0
𝑔𝑔

, (1) 

where g is the gravity acceleration. The derivation of Eq. (1) allows us to talk about 
kinematics, mathematics and philosophy in a simple way and, then, to perform experiments. 
Indeed, obtaining the total bouncing time t requires the sum of a geometric series [2] and we 
show how, for the particular value ϵ = ½, this is related to the solution of Zeno’s paradox.

2 Kinematics of the bouncing marble 

We consider successive bounces of a marble on the ground and study the progression of the 
time intervals separating such bounces, according to the simple experimental setup depicted in 
Fig. 1.  Energy conservation before and after the collision together with kinematics allow us to 
relate the coefficient of restitution to the ratio of the heights and finally to the times between 
collisions: 

𝜖𝜖 𝜖 𝑡ℎ1
ℎ0
𝜖 𝑡𝑡1

𝑡𝑡0
. (2) 
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Under the assumption that the coefficient of restitution is the same for all bounces, these times 
are found to satisfy a geometric progression: 

𝑡𝑡𝑛𝑛 = 𝜖𝜖𝑛𝑛𝑡𝑡0. (3) 

This allows us to compute the total bouncing time in terms of the sum of a geometric series: 

∆𝑡𝑡 = [2(∑ 𝜖𝜖𝑛𝑛∞
𝑛𝑛𝑛0 ) − 1] = 1+𝜖𝜖

1−𝜖𝜖 𝑡𝑡0, (4) 

and then to get the final expression for the coefficient of restitution, Eq. (1).
It is possible to give an interesting geometric interpretation of sum of the series in Eq. (4), by 
considering the case ϵ = ½. In this way students could understand why Zeno’s paradox of 
Achilles and the turtle is only an apparent paradox, which can be exactly solved by summing an 
infinite series. 

3 Conclusions 

A simple and common setup made of a marble bouncing on a table, allows us to measure the 
coefficient of restitution ϵ in terms of the initial height h0 from which the ball is released and of 
the total bouncing time Δt. Further analyses aimed to the computation and the measurement of 
the coefficient of restitution are described in [3,4] and references therein. 
Our discussion provides a fortunate example of how a kinematics topic can be related to a strictly 
mathematical subject; namely, geometric series. Moreover, having tackled the problem of 
motion and of geometric series, we can show how the argument utilized in Zeno's paradox can 
be proven to be false.  
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Fig.1 The experimental setup for measuring the total bouncing time.
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Abstract. Nuclear magnetic resonance (NMR) is an essential tool in chemistry, biology and 
medicine. Its fundamentals can be explained with introductory university physics. As such, the 
topic fits well in an introductory physics curriculum for students of life sciences, providing an 
applicative context to the content of the curriculum. We introduced a lesson on NMR in a physics 
course for biotechnology students using active engagement with personal response systems. 
Students’ reflections on the lesson as well as their analyses of a related scientific paper were 
collected and analyzed to evaluate the achievement of the lesson’s goals. 

1 Introduction  

A physics course for students in life sciences has the purpose of developing functional 
understanding of physical concepts [1, 2]. Students should be able to: 

(a) recognize the role of physics in their specific area [3, 4], 
(b) apply the physics concepts in different contexts of their specific field, and  
(c) build physics competences relevant for their field [5].

A course for biotechnology students has been previously developed which is designed to 
meaningfully integrate physics into the knowledge base of biotechnology students, focusing on 
the topics relevant for this field. Lessons are supplemented by seminars which are followed by 
students’ analysis of a scientific paper on the topic. This year, NMR was introduced as one such 
seminar, using active engagement via on-line personal response systems (PRS).  

The contribution presents our findings on how well the goals (a) and (b) were achieved in the 
NMR lesson, and (d) which topics of magnetism result difficult for students. 

2 Methods 

The topic of magnetism was covered with a two-hour lesson on the basics of magnetism in 
the form of a traditional lecture. This was followed next week by a two-hour seminar on NMR 
with active engagement via an on-line PRS. After the seminar, students filled in a reflection 
questionnaire, including questions on difficulties and topics they would like to elaborate. From 
this, we extracted findings on goal (a) and question (d). Students were also assigned a 
homework: read a given scientific paper on the topic of NMR, make a summary, clearly 
explaining your understanding, and identify within it the content from the physics course and 
from the seminar. This was analyzed using a grounded theory approach and a scoring rubric to 
extract findings on goal (b), as well as (a) and (d). The PRS responses were also analyzed to 
extract findings on question (d). 
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Table 1. Some of the aspects identified by students as important and/or difficult. 
Aspect Identified as 

important for 
NMR. 

Identified as 
already covered in 
lessons. 

Identified as 
difficult. 

Identified as worth 
elaborating upon. 

Interaction spin-
magnetic field 

38% 13% 29% 
(some cases) 

 

Imaging 43%   54% 
Precession 34% 11% 17%  
Diffusion 39%  50% 13% 
Induction  13%   

3 Findings 

The analysis is still a work in progress, but some preliminary results from the questionnaires 
are presented in Table 1. Students of biotechnology would prefer to elaborate on applicative 
aspects, like imaging and diffusion, rather than fundamental concepts, like precession or 
induction. This is in accordance with the difference in the view of important topics between 
physicists and biologists [4]. It is encouraging to see that although 50% of the students find the 
topic of diffusion difficult, 13% would still like to elaborate on it. This indicates that when a 
topic is relevant to them, students are willing to engage in it, even if they find it difficult.  

Results of the formative assessment reveal that the most difficult topic of magnetism is the 
interaction between the magnetic field and charged bodies with between 70% and 85% of 
students answering incorrectly the first time and only between 60% and 65% answering correctly 
after discussion. On the other hand, the basic topics on induction were answered with a success 
rate of between 67% and 90% on the first try, which is encouraging. 

4 Conclusion 

Our preliminary results already offer some tentative conclusions. The most important 
appears to be the fact that focusing on topics, relevant to their specific field, can help engage 
non-physics students in physics. Further analysis will provide additional insight in the 
comprehension of the topic of NMR and how it affects the consolidation of physics 
knowledge for life sciences students.
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from the seminar. This was analyzed using a grounded theory approach and a scoring rubric to 
extract findings on goal (b), as well as (a) and (d). The PRS responses were also analyzed to 
extract findings on question (d). 
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Abstract. We study the evolution of the explanations made by a group of pre-service physics 
teachers when experiencing with a variety of electrostatic phenomena, such as the Faraday cage 
effect and the pointed conductor effect. By using a teaching and learning sequence (TLS) to help 
students improve their explanations about these electrostatic effects, we find that these 
explanations improve when teachers are able to combine the electric-field model with the charge-
distribution model.  

1 Context and Research Question 

This research was carried out in a course of electromagnetism taught in the third year of the 
Physics and Mathematics Teacher Training Program at the University of Santiago de Chile 
(USACH). In this course, pre-service teachers study the model of distribution and interaction of 
electric charges, and the model of electric field, as key tools to their future teaching roles. We 
propose a teaching learning sequence (TLS) for this course based on existing research on the 
domain [1], that includes experiments that deal with electrostatic phenomena, such as the 
Faraday Cage effect and a Pointed Conductor effect. In order to explain these two phenomena, 
students have to use both the charge-distribution model and the electric-field model (see Fig. 1). 
In this context, the question that guides our research is the following: 

1. How do pre-service physics teachers combine the electric-field model with the charge-
distribution model when explaining complex electrostatic phenomena such as the Faraday 
Cage effect and a Pointed Conductor effect? 
 

 
 
 
 
 
 

Fig. 1 the two images on the left represent the Faraday Cage effect; the image on the right represents the Pointed 
Conductor effect. 

2 Methodology 

This research follows a qualitative approach where the students’ answers along the TLS were 
analyzed and then inductively categorized. The sample was composed by a total of 67 pre-
service Physics teachers. We first implemented the TLS in 2016 and then again in 2017 after 
making the necessary changes, following a DBR approach [2]. This modified TLS was 
implemented for one last time in 2018. We used a comparison by contrast technique to 
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categorize the answers. The data were then triangulated to guarantee the validity of the results. 
Table 1 shows the categories, definitions and examples of the type of answers obtained. 

 
Table 1. Categories of Analysis 

Categories Definition Example Faraday’s Cage Example Tip Effect 

Level 3: 
Combination of 

charge-based 
and field-based 

explanations 

The effect is explained by the 
uniform charge on the surface 
of a conductor keeping the 
potential constant. In this way 
the electrostatic equilibrium 
occurs. 

"It becomes charged and it 
generates an electric field as 
intense as the one of the 
VDG but on the contrary, so 
that inside the cage the 
electric field is zero" 

 “Because the electric field 
strength increases when the 
radius decreases, because 
to maintain the constant 
potential the charge density 
must increase"  

Level 2: 
Charge-based 
explanation 

The effect is explained by the 
movement of charges. This 
movement can be: random, of 
induction or discharge type. 

“It is negative on one side 
and on the other positive, 
generating an induction that 
leaves the electroscope 
neutral" 

 
 

Level 1:  
Object-based 
explanation   

The effect is explained because 
the cage can be protective or 
amplifier of external electric 
fields. The tip can address the 
induction. 

“This is because the field 
will hit the cage.” 

“This effect depends on the 
shape of the figure since 
when having a smaller 
surface the charge is more 
intense”  

Level 0: 
Description 

The effect is not explained. 
Only what could happen is 
described. 

“The electroscope will not 
move”  

“The sector of greater 
radio will make move the 
electroscope the more"  

3 Results and Conclusions 

The results of this study show a positive evolution of students’ answers regarding the way 
they combine the distribution of electric charges and the electric field. They pass from inaccurate 
responses (Level 0 and 1) to highly consistent ones (Level 3). For example, in the case of the 
explanations about the Faraday cage, the percentage of students who could relate the two models 
increased from 2% to 82%, while those who only make reference to the role of the Cage (Level 
1) dropped from 48% to 2%. Moreover, the students who could not relate the models (Level 2) 
fell from 29% to 6%. 

The TLS also managed to help students understanding how the electric field behaves on 
the outside of a pointed loaded conductor. The percentage of students who were able to 
integrate charge-based and field-based explanations (Level 3) moved from 46% to 77%, while 
answers where the electric charges and field were not related (Level 2) decreased from 30% to 
21%. Those responses related to the shape of the pointed conductor (Level 1) also diminished, 
moving from 11% to 1.6%. Within students’ evolution, we also identified that hands-on 
activities were not enough to improve students’ understanding of combined concepts, and 
teacher’s scaffolding to improve students’ model play a key role.  
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Abstract. The paper presents informal activities implemented for elementary school students to 
familiarize them with simple sensors, actuators and BIT microcontrollers that can be programmed 
with simple software. 

1 Introduction 

Robotics in elementary school has seen a rapid increase in recent years in many developed 
countries. In Romaniasuch activities are not in the curriculum and the majority of the initiative 
are local. The robotics became more accessible to the teachers and students due to the robot kits 
available on the market.[1] The LEGO company educational products have greatly contributed 
to the development of excellentactivities bringing children into STEM's mysteries since early 
age.[2] At the NanoTechFun Robotics club at the St. John of La Salle Technological High 
School, the club’s members decided to developed a series of attractive and interactive activities 
for elementary school students using the BBC microcontroller (Micro Bit). Some elementary 
school in the area were targeted for after school informal sessions. [3] 

BBC MICRO: BIT is a powerful, fully programmable computer with a GO MB158 GO 
microcontroller with 32-bit ARM Cortex-M0 architecture, equipped with 5 x 5 LED array, a 
magnetometer, an accelerometer, and temperature sensor, digital / analog and power pins, 
Bluetooth and USB connectivity, two programmable buttons and can be powered either via USB 
or an external battery pack. It can be encoded from any web browser in Blocks (Microsoft 
MakeCode), Javascript, Python, Scratch, and more. 

The activity were based on simple, block-based programming projects using 
MicrosoftMakeCode based on workbooks (Micro: Bit, Bit on Micro: Bit and Smiley and Micro: 
Bit Bit) by primary school pupils with the help of club members, followed by the presentation of 
projects. The elementary school students were able to realize that with the help of the 
microcontroller it is possible to control and do many things. 

 

2 Examples of activities 

Milk Monster: is a small robot built from a milk box, a 9g SG90 servomotor and a micro-bit 
plate. The board is programmed in Microsoft MakeCode that when is sent a light beam on it (can 
be used the flashlight of cell phone), the robot opens its mouth, and when we remove the light, 
the robot closes it. [4] For the Milky Monster to move, the micro-bit must command the 
servomotor to go between 0 and 180 degrees at a certain pace. In the code I entered the 
instructions: press the A button to switch the servo motor to 180 degrees (to close Milky 
Monster's mouth) and press the B button to switch the actuator to 0 degrees (to open the mouth 
of Milky Monster). 

Reaction Time: This project uses Micro Bit to measure the student's reaction time to in 
switching an electric circuit built on a cardboard stand. This cardboard stand is a "bed" on which 
is an "electric bed" consisting of a pine that represents the table and two pins connecting our card 
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to the micro-bit plate. Students have to test their reaction time by simultaneously pressing the 
GND pin with a link pin, thus closing a circuit. When the start button is pressed, students have 3 
seconds to prepare their reaction. Once the microcontroller has given the green light, the students 
must close the circuit as soon as possible by simultaneously pressing the GND pin and the 
connecting pin). An information (an X on the LED display) will appear on the screen of the 
plaque on the side of the student who was fastest. 

3 Conclusion 

Familiarizing students with robotics at early ages the passion for STEM can be seededin 
students mind motivating for deep knowledge. During the conference, the activities with pupils 
in primary education will be outlined. 
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Abstract. Due to the rapid pace of development of new technologies, 
technology can be a hopeful ally in many areas, including education. By using 
new progress science classes can thus be more attractive. Experiments with 
classic and outdated devices are not exciting for students but can now be 
replaced by modern devices based on sensors, actuatorsand microcontrollers. 
The paper describes how can be find solutions for experimental physics 
devices using in vocational education sensors, microcontrollers, actuators, etc. 
New technologies into the learning process can be a factor of inspiration and 
motivation for students embrace a career in STEM. 

1. Introduction

A wide variety of experimental devices based on sensors and microcontrollers can be 
designed and realized by students under supervision of a dedicated physics teacher. Many 
reasons can encourage physics teacher to introduce modern devices in physics classroom. The 
most important is to increase the interest and sympathy of students for physics as scholar 
discipline but also for physics applications and implications in students’ daily live. But the 
most effective way to connect students with outcomes of learning and to prepare they for 
professional insertion is to use new technologies and new gadgets. 

At "St. John of La Salle" Technologic High School is functioning a club entitled 
NanoTechFun dedicated to robotics. The members of the club are using the simplicity and 
flexibility of Arduino microcontroller and the open-source community to develop series of 
tools that can be used in experiments to investigate physics phenomena. The Arduino based 
experimental set – ups are programmed in the Arduino IDE language, based on the C / C ++ 
adapted for this environment. The devices developed cover all chapters of Physics studied at 
the high school level: Mechanics, Thermodynamics, Electricity and Optics. The experiments 
are used by the physics teachers in daily activities in ordinary classrooms. [1] 

2. Some examples of experimental set – ups. 

Using a QwiicSparkFun Module with CCS811 / BME280 Sensors and an Arduino Uno 
programmed in the Arduino IDE C / C ++, the students developed a device able to analyse 
various external factors such as barometric pressure, humidity, temperature and altitude. The 
Arduino board commands the BME 280 sensor from the SparkFunQwiic module to 
gatherdata (signals of air temperature, atmospheric pressure, humidity and altitude) and 
convert them into digital signals. [2] In fact a micro meteo station this experimental set – up 
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can be use in different activity. The BME 280 sensor measures: temperature: from -40 C to 85 
C; humidity: 0-100% RH; pressure: from 30,000 Pa to 110,000 Pa (absolute accuracy of 100 
Pa); altitude: from 0 km to 9.2 km (relative accuracy between 1 m and 2 m). Using this device 
in class students can understand how the atmospheric pressure changes correlated with air 
temperature and altitude. The device can be used, for example, in thermodynamics lessons to 
exemplify the simple gases laws. 

Using a HC-SR04 ultrasonic sensor, a DHT11 sensor and an Arduino controller, the 
students developed a device that demonstrates that the sound velocity depends on the density 
of the medium it is crossing or in understanding Doppler effect. [5] The ultrasonic sensor can 
be used alternative to measure the distances and speed of an object in free fall experiments or 
in determine movement law of an object. , transmits sounds through the air which is a gas. 

In gases, the sound velocity is mostly affected by the temperature of the gas, less by the 
humidity of the gas and even less by the gas pressure. In order to be able to demonstrate that 
the speed of sounds depends on the density of the medium can be realized a simple 
experimental set – up using a sensor for reading the temperature and humidity of DHT11. 

Within the presentations many other experimental set – ups and their implementation in 
physics classes are shown.  

3. Conclusions 

By working with devices based on sensors, microcontrollers, teachers and students can 
find modern ways of studying physics effect, laws, phenomena, and can thus foster the 
student interest in STEM. Sensors, actuators and microcontrollers have a great impact in 
today's society such as robotics, mechatronics, mobile science and smart home technologies.
By introducing in classroom practice the traditional passive learning model can be replaced 
by active learning teachers taking the role of mentors, innovators, counselors or coaches while 
the students the role of designers of desired tool in studying a peculiar physics lesson. 
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Abstract. In this work, results of a methodology centered in the student, is presented. This 
proposal seeks to improve the subject learning by introducing striking experiments like those 
used in the science fairs, although in the formal environment of school, they are carried out by the 
students and explained through the construction of physical models. The models are tested in 
different situations, which allows students to adjust them and gradually approach to the scientific 
model. This proposal has shown to be a good way for the understanding of the subject, because 
students are interested, actively participate and get correct conceptual meanings.

1 Proposal 

 Experience shows that students arrive enthusiastic to science fairs, but not to physics classes. 
This is because, in the first case, striking experiences are presented, sometimes as acts of magic, 
and in the second one they get bored with mathematical demonstrations or solving problems by 
substitution, which is not at all an engaging situation for students. 

This proposal captures the charm of divulgation, which help to keep students’ enthusiasm 
during the development of the formal class to improve the understanding physics concepts and 
explain the striking experiments beyond an act of magic. This proposal has been applied three 
semesters which has allowed adjustments to be made, mainly in the way of moving from 
entertainment and divulgation to formal education. What has worked best, is to involve students 
in the conceptual construction and mathematical formulation through a guided discussion. 

The experiments are designed to proceed in an inductive way, from the concrete to the 
general, they encourage students to make explanatory and intuitive models and thus favor the 
development of scientific thinking and the skills of analysis and reflection. Concepts are 
constructed by students using the results of their observation, guided by the teacher through 
questioning. 

Unlike other physics classes, this proposal encourages the analysis of topics with 
experimental activities and not with formulas, this allows students to show that physics is not just 
problem solving and that it explains things from daily life.

It is assessed through the models that students build to explain physical phenomena. This 
exhibits the knowledge acquired by students to be able to explain the observed phenomena in 
their own words, even though some of them do not use the appropriate language. This way of 
working like students because they do not have to memorize the concepts and can explain them 
with their own words, because the physical terminology and the mathematical expressions make 
sense, for the students, from the experiments and group discussions. 
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2 Results 

Students’ motivation to attend class and their learnings are an indication of the validity of this 
type of strategy with high school students. 

One of the achievements that stand out from the proposal is that students who do not 
understand mathematics improve their understanding of the issues by not having a class focused 
solely on problem solving, but also in the words and explanations of the students , One student 
comments: "The problems become simpler when you understand what is asked", this indicates 
that there is an improvement in their learning by understanding the concepts involved and not 
just trying to memorize a procedure. 
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Abstract. In this study, reserchers aspire to developing candidate elementary science teachers’ 
conceptual understanding and reinforcing their data and graph interpretation skills in inquiry-
based Phsycis laboratory. Freshman elementary science education students who were taking 
Physics II Laboratory (Electricity) constituted the sample of this study. The research is a real 
experimental study. The sample size in this study is 58  students. The SPS which was developed 
by Burns, Okey & Wise (1985) and adopted to Turkish by Geban, Aşkar & Özkan (1992) was 
used to determine level of students’ science process skills and the SECDT developed by Peşman 
and Eryılmaz (2010) was used to assess students’ conceptual understanding and misconceptions 
about simple electric circuits. The data was anaylsed using MANCOVA. According to results, 
preservice science teachers’ conceptual understanding level was not statistically significantly but 
there is a small effect size in favor of the experimental group.

1 Introductıon 

Science is not only articulation of concepts but also it involves science processes, applications 
of science, and nature of science (Gallagher, 2007, p. 14). Therefore, the National Science 
Educational Standards has encouraged the use of inquiry teaching in science classrooms for 
scientifically literate citizens (NRC, 2000). There is evidence that inquiry based science 
instruction has got positive impacts on attitudes towards science, motivation in science, and 
content achievement (Abraham, 1998). Furthermore, there is evidence that inquiry physics 
teaching may be more effective for students with higher level of data and graph interpretation 
which is a dimension of science process skills (Arı & Peşman, 2016). This study reports the 
results of an experimental research designed for exploring whether training students on data and 
graph interpretation helps them benefit more from inquiry-based physics laboratory. 

2 Sample 

The accessible population of this study is candidate elementary science teachers at Fırat
University. Freshman elementary science education students who were taking Physics II 
Laboratory (Electricity) constituted the sample of this study. Therefore, the sampling method is 
convenience cluster sampling (Fraenkel & Wallen, 1996, pp. 91-113).  

3 Method 

There were an experimental and control group in this study. Both groups took inquiry-based 
physics laboratories during the spring term. However, the experimental group was trained on 
data and graph interpretation prior to the treatment so that the students in the experimental group 
would have a higher ability of data and graph interpretation. To compare their data and graph 
interpretation skills after the training, the Science Process Skills Test (SPS) was administered to 
the groups. To detect which group benefitted more from the inquiry-based physics laboratory, 
the Simple Electric Circuits Diagnostic Test (SECDT) was administered before and after the 
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treatments. In addition, the 58 students were randomly assigned to the groups. Therefore, the 
study is the randomized pretest-posttest control group design, a true-experimental research 
(Fraenkel & Wallen, 1996, pp. 270-275). 

4 Instruments 

     The SPS which was developed by Burns, Okey & Wise (1985) and adopted to Turkish by 
Geban, Aşkar & Özkan (1992) was used to determine level of students’ science process skills. 
The SECDT developed by Peşman and Eryılmaz (2010) was used to assess students’ 
conceptual understanding and misconceptions about simple electric circuits. 

5 Conclusion 

     The multivariate analysis of covariance (MANCOVA) was conducted in this study after 
checking assumptions. According to results, preservice science teachers’ conceptual 
understanding level was not statistically significantly but there is a small effect size in favor 
of the experimental group (F (1-53) = 3.340; p = .391; partial eta squared = .014; power = 
.434). Therefore, conceptual understanding level of the experimental group which learned 
data and graph interpretation prior to intervention was a few better to control group. 
Consequently, it was observed that data and graph interpretation was important for 
reinforcing the students’ conceptual understanding in inquiry based physics laboratory. 
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Modular schoolbooks supported by ICT-technology
Zsanett FINTA

ELTE Bolyai János Gyakorló Általános Iskola és Gimnázium

Bolyai János utca 11.,Szombathely, Hungary

Abstract My colleagues and I have written a chapter into a modern, experimental textbook on 
the topic of waves. The textbook only contains the necessary parts, extended with QR codes. 
Those are filled with videos and simulations of science experiments as well as quizzes to help 
to understand the topics. The form of the topics isn't traditional. Instead of the linear structure, 
it's based on a parallel structure between the similar effects of the type of waves. We measure
and compare the students’ knowledge in an experimental and a control group for drawing 
conclusions about the effects of the book.

Introduction 

In recent times we experience that many of the textbooks are not enough for the growing 
expectations. We cannot give a proper answer to the question: "What defines an adequate 
textbook?" It is one which is used with pleasure by the teacher and the students. A good 
textbook is easy to read and understand. It does not have to include a massive pile of facts and 
data. It should be suitable for independent work which is appropriate for the students' age. A 
good textbook can make a difference in the opportunities and effectiveness of pedagogical 
work. [1,2] 

The schoolbook 

In the result of the countless expectations for cascading-styled textbooks, they can be over 
200 pages long per volume, which means they are quite long. Recognizing this we searched 
for a new type of solution. Digital applications might bring radical changes. Digital solutions 
and traditional printed textbooks can work simultaneously. Course books contain only the 
prime material and some diagrams for deeper understanding but other tasks are available on 
the internet. Students could access them fast via QR codes in the printed schoolbooks.  Fig 1. 
shows a sample side of the textbook (in Hungarian language). 

For refinement we have written an actual chapter. We picked the topic waves as the theme 
of the chapter, knowing waves are one of the hardest parts of the primary and high school 
curriculum of physics. This section is special because it connects classic physics with the 
modern chapters which frequently appear in everyday life. [3] The chapter is excellent for 
students who want to continue their education in sciences, so they want to take a matura exam 
in physics. To begin with, we would use our concept in two classes, then expand it into 
broader circles using our experience from the first two classes. 

Hungarian National Curriculum suggest to teach this part in a linear structure. We used to 
teach the features of waves after each other illustrated it by mechanical waves then teach 
sound, light and other electromagnetic waves repeating the same features again three times.  
In this book we use a parallel structure instead, talk about features of waves and illustrate 
them by all types of waves. 
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Methods 

We are calling in a "control group” next to the students who learn based on the modern 
textbook. We analyse the students' knowledge and understanding in the topic. We will report 
our results and experiments at the conference.  

Fig1. A page from the book
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Abstract. This work presents the electricity topic from a Physics course for Biological and 
Health Science students in High School. These students believe that Physics is not relevant to 
their future career or professional life. They consider themselves not capable to succeed in the 
subject, unless they learn by heart a lot of mathematical formulas and use them into the exam. In 
this way we exposed the relation between Physics and Biological and Health Science, showing 
them the electricity involved in biological phenomena. It has been observed how student's 
attitudes changes depending on the examples and contexts used in class. 

 

1 Introduction 

In the last year of high school, students of Physical-Mathematical and Life Science areas most 
take a compulsory Physics course. In many cases this two courses are almost the same, not 
taking into account the different interests of these students [1]. In the last update of the 
curriculum, a clear differentiation between the examples and applications that should be 
presented for the Physical-Mathematical and Life Science areas is done, however, many of the 
teachers still do not take these suggestions into account.  

This is probably the last course of physics for students that belong to the area of Biological 
and Health Sciences that want continue at the university studies in careers like: biology, 
dentistry, medicine, nutrition, psychology and others. 

They think that Physics is not necessary or useful to their careers and neither to the 
professional life, mostly because the examples used in Physics courses are related to 
Engineering and Physics [2], which provokes a generalized demotivation and that many of 
them just attend with the only goal to obtain a good grade, no matter if they learn something 
or not. 

Most of Biological and Health Sciences students consider that they are not good at Physics 
because it is identified with solving algebra problems that do not need to be understood to 
obtain the right answer, so they are only interested in being promoted and quickly forget 
anything related to this subject. We know that learning is achieved when the student wants to 
learn significativily, is interested and thinks that he is capable of learning and understanding 
the subject matter [3], therefore the first thing that the teacher has to do is convince them of 
the usefulness of the subject and that they are capable of learning it. 
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2 Proposal 

In order to generate a genuine interest in the students, a more active class is proposed where 
the teacher is not the only speaker but a moderator that allows collaborative work and 
generate the discussion among peers, thus promoting meaningful learning based on 
experiences, allowing the student to see the clear relationship between Physics and their 
professional interests. 

In this work the principal Physics topics are related with Biological and Health Sciences 
issues, taking into account the suggestions provided in the institutional program for the 
subject. The scheduled of this subject includes two sessions, by week, of two hours each one, 
divided in theory and laboratory. Most of the laboratory sessions are used to introduce the 
topic and catch the interest of students. 

We bet that the bad attitude and low expectations toward physics of this group of students 
may be change if the teacher provides physics examples that can be related to topics of 
interest in their career and shows high expectations in their learning. It is supposed that this 
may changes their self-perception and positively modify their pose towards the subject. 

 

3 Results 

The work done in the subject is illustrated with the topic of electricity, where the membrane 
potential, nerve impulse, heart, electrocardiogram, defibrillator, encephalograph, cardiac 
pacemaker, among others, where used to focus the students' interest. 

The students reacted positively to the proposal, as it is showed by the final course evaluation 
where they answered anonymously and feeling free that the answer will not affect their final 
score. Also, the students reduce disinterest and obtained more self-confidence about their 
Physics learnings and expectations, being capable of understand Physics concepts and apply 
them into Biological and Health Sciences area. 
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1 Primary objectives  

The main goal of the poster is to present two examples of early science learning by being 
engaged in scientific experiments.  

Key words: early years, low-cost science, inquiry-based learning, testing hypothesis, 
student experiments, outdoor science. 

2  Description of projects 
 
 

2.1. “Let’s Play Science!” courses 
 
These courses are for 6-10 years old children. The thematic experiments support the 

establishment of interest in science in the early years and help the development of thinking 
skills. The special learning environment frequently provides opportunity for inquiry-based 
learning.  

Simple objects, like spoons, straws, rubber bands, basic electric circuit, pins, nail polish 
and other materials from the household are turned into science experiments during the 
courses. Well-known and self-developed experiments are also used, most of which haven't yet 
gained awareness internationally. The experiments help developing and improving children's 
scientific skills and motivation, since they suit their abilities and interests.  

Despite the fact that the age group is 6-10 years in our classes, teachers from kindergarten 
to high school can implement our experiments. The complexity of the explanations can be 
altered to fit the level of education, and even calculations can be added to practice. The simple 
materials and the fact that the experiments can be financed with reasonable expenses make it 
easy to prepare the setups even in schools that are lack of laboratory. 

The activities not just complement, but also go beyond the curriculum of kindergarten and 
primary school. International studies, for example TIMSS and PISA studies have shown that a 
great problem of teaching science is low motivation and weak attitude of children. The 
courses set an example for a possible, fun and adventurous way of teaching science in the 
early years that could address these problems.  

These experiments not only promote students interest in science and have connection to 
everyday life, but are also beneficial in the foundation of learning the following topics: 
balance and torque, evaporation, isolation of salt and sugar from water (straw-balance) 
vibrations and  waves in acoustics (straw-horn),  geometrical optics phenomena (mirrors and 
lenses), interference of visible light (nail polish rainbow), electricity (black box) and 
connection of magnetism and electricity (Oersted-experiment with pin), etc. 
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2.2. Attic of Secrets courses 
 
The so called Attic of Secrets (Titkok Padlása) is a science programme that has been 

designed specifically for 6 to 10 year-olds. These science classes are held on one Saturday 
morning every month. Using the human and material resources of the Szeged Regional 
Science Student Laboratory we try to make kids understand and love science.  

At one time there can be 24 students in the laboratory, they are divided into 3 groups of 8. 
Each group has got different task, with a completely new and exciting scientific topic, being 
taught by three different teachers. Each session lasts 45 minutes and all activities are 
interactive, catering for a lot of different learning styles and keeping the children’s attention. 
After the first short break the groups go to the next teacher in a rotating stage. After having 
the second session children go to the third teacher’s class. At the end of the mornings all 
children took part in three different classes. 

The topics of the sessions are chosen in a way that they fit to children’s everyday life and 
experiences. An important aspect in selecting the experiments is that they can be performed 
by children as well. In the experiments our aim is to use well-known materials and the 
simplest household equipment and materials. We try not to waste large amount of materials 
used for the experiments and avoid the use of unnecessarily large quantities. In many cases 
materials are recycled. While we are preparing for the sessions we put emphasis on the 
development of thinking operations, the development of the research skills of the children as 
well as the complex development of their multiple competencies. We want to study cross-
curricular problems. When we are making our lesson plans we try to choose such experiments 
where children can try and practice the use of measuring instruments. 

 
 

3 Conclusion 
 
 

The experiments have been used in practice for more than 10 years. The improvement of 
scientific and critical thinking is supported by all activities. 
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1 Primary objectives  

The main goal of the poster is to present two examples of early science learning by being 
engaged in scientific experiments.  

Key words: early years, low-cost science, inquiry-based learning, testing hypothesis, 
student experiments, outdoor science. 

2  Description of projects 
 
 

2.1. “Let’s Play Science!” courses 
 
These courses are for 6-10 years old children. The thematic experiments support the 

establishment of interest in science in the early years and help the development of thinking 
skills. The special learning environment frequently provides opportunity for inquiry-based 
learning.  

Simple objects, like spoons, straws, rubber bands, basic electric circuit, pins, nail polish 
and other materials from the household are turned into science experiments during the 
courses. Well-known and self-developed experiments are also used, most of which haven't yet 
gained awareness internationally. The experiments help developing and improving children's 
scientific skills and motivation, since they suit their abilities and interests.  

Despite the fact that the age group is 6-10 years in our classes, teachers from kindergarten 
to high school can implement our experiments. The complexity of the explanations can be 
altered to fit the level of education, and even calculations can be added to practice. The simple 
materials and the fact that the experiments can be financed with reasonable expenses make it 
easy to prepare the setups even in schools that are lack of laboratory. 

The activities not just complement, but also go beyond the curriculum of kindergarten and 
primary school. International studies, for example TIMSS and PISA studies have shown that a 
great problem of teaching science is low motivation and weak attitude of children. The 
courses set an example for a possible, fun and adventurous way of teaching science in the 
early years that could address these problems.  

These experiments not only promote students interest in science and have connection to 
everyday life, but are also beneficial in the foundation of learning the following topics: 
balance and torque, evaporation, isolation of salt and sugar from water (straw-balance) 
vibrations and  waves in acoustics (straw-horn),  geometrical optics phenomena (mirrors and 
lenses), interference of visible light (nail polish rainbow), electricity (black box) and 
connection of magnetism and electricity (Oersted-experiment with pin), etc. 
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Abstract. In our school’s talent nurturing program pupils of the physics camp take part in an 
inquiry based project work. I present a part of 15-year-old students’ project on circular motion. 
The circular motions with friction and air drag were achieved by a LEGO-robot, and the videos 
were analysed by Tracker program. The dragged brick’s coefficient of kinetic friction was 
measured and the bifurcation of the system was observed. With a dragged balloon we experience 
a surprising phenomenon: the angle formed by the dragging string and the circle path’s tangent is 
independent of angular velocity. 

 

1 The physics camp and the project work 

There are a lot of talented, inquiring pupils in my school. As a talent nurturing program, based 
on my proposition, we organize every spring a four-day long physics camp for them. This is a 
kind of out of school activity focusing on physics. About 45 pupils are invited to the camp by 
their teachers’ recommendation. Every invited pupil takes part in a project through months 
before the camp. They investigate something, or build an experiment, or measure something in 
small groups. They work in an inquiry based project with their teachers’ support. In the camp 
they show the projects to each other, and of course there are measurements, problem solving 
events, lectures, excursions, and creative games. 

With a 15-year-old group we studied the circular motion [1]. A lot of interesting things were 
collected about kinematics and dynamics of circular motion. The boys decided to build the 
experiment from their favourite: LEGO, and a LEGO-robot was used to produce uniform 
circular motion with controlled angular velocity. The pupils have made video films about the 
motions and then used Tracker program to analyse them. It is important to get familiar with this 
program, as it is a part of the advanced level physics baccalaureate requirements in Hungary. 
For the camp they made several animations as well using Blender program. Two parts of the 
project [2] will be presented below. 

 

2 Circular motion with friction 

We wanted to check the well-known problem of frictional circular motion. A horizontal long 
rod with a string on its end was rotated by a LEGO-motor and a wooden brick (with mass m) 
was drawn by it. We placed a camera above the experiment and made a video. By Tracker 
program we could measure the radius of the circular trajectory (r), the angular velocity (ω) 
and the angle formed by the string and the radius of the circle (α). On the ground of these data 
using elementary considerations we were able to find the average value of coefficient of 
kinetic friction (μ) (Fig.1). 

An interesting phenomenon has been observed: if the angular velocity isn’t large enough, the 
brick drifts into the centre of the circle. But if ω reaches a threshold value, the motion takes 
place as expected. (The system is passing through a bifurcation.) 

For a math-based explanation a special case was taken into consideration where the length of 
the rod and the string are equal (Fig.1). So a theoretical explanation has been found which 
was followable even for 9th-class students. 
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Fig.1 The experimental layout (line drowingon the left and a photo on the right) 

 

3 Circular motion with air drag 

The equipment built by the children was able to draw a balloon in the air. So we could 
investigate circular motion with air drag force. With tape bands we balanced the balloon to 
levitate in air while the average density was the same as that of the air. Assuming a spherical 
balloon with basic calculations we came to the conclusion that the angle formed by the string 
and the radius of the balloons’ path is independent of angular velocity. The angle depends 
only on the ratio of the radius of the balloon-sphere and the radius of the circular trajectory, 
and the drag coefficient of the balloon. It was really surprising, so we had to check it. The 
pupils made videos in case of different angular velocities and found the same angle. 
Measuring the radii and the angle with Tracker we could calculate the drag coefficient. As the 
balloon is doing circular motion with centripetal acceleration, the air also accelerates around 
it, so instead of the balloon’s mass we had to calculate with its effective mass [3]. 

 

4 Conclusion 

The “circular project” was interesting for the participants. Using the LEGO set and the 
balloons made it attractive. The Tracker program and the calculations gave the pupils the 
feeling of scientific research. We worked in the afternoons and outsider pupils joined us 
several times. From the teacher’s point of view, the project gave opportunity for showing the 
pupils nice and surprising momentums, arising their interest and discussing their questions. I 
could teach them on a higher level than the official curriculum. For my colleagues, I presented 
a nice, not well-known fact about the circular motion with air drag. In the camp the students’ 
presentation made a hit, it was told by the others trendy and enviable. 
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Abstract. A complete teaching sequence is presented, concerning the instruction of prospective 
Primary School Teachers (undergraduate, as well as post-graduate) – with a not strong Physics’’ 
background – about the quantum-mechanical concepts of the wave properties of matter, as well 
as of the wave-particle duality. The benefits of teaching such notions to teachers are thoroughly 
examined, their previous knowledge and views on such things are scrutinized and their progress 
on learning these is monitored. As a further step, the overall outcome of the improvement of these 
learners on the given concepts in examined, through  the  use of educational research  tools.   

In the current research the aim is to form a teaching sequence (a teaching methodology), in 
order to teach prospective Primary School teachers, about two central notions of Quantum 
Mechanics: the concept of the wave properties of matter and the concept of wave–particle 
duality. It is considered as important for teachers to be familiarized with these concepts, 
because in this way they could alter their view on what “being somewhere in space” means 
and because this would help them clarify the difference between “a body” and “a wave”. [1] 
Furthermore, by the use of educational research tools, the effectiveness of this teaching 
methodology is scrutinized. This teaching sequence is primarily designed for and addressed to 
learners not possessing a strong Mathematical and Physical background. As a result, the 
sequence is based on the interaction with computer models and simulations (mainly in the 
environment of NetLogo) and on the methodology of the “teaching experiment”. [2] 

A first – necessary – step was to teach the prospective teachers about basic properties of 
waves, assisting in the highlighting of the wave-particle duality. Such properties are: a. the 
wave interference and b. the wave diffraction. A sample of N = 12 post-graduate students of a 
University Department of Education were interviewed with the aid of experimental 
arrangements, in order to reveal what their pre-instructional ideas are and what their mental 
representations are, with respect to the two aforementioned wave phenomena. The findings of 
this initial research are presented here. 

The second step was to use computer simulations and experimental settings, in order to 
teach these students about the aforementioned wave phenomena and to research what the 
learning outcomes were. The methodology used was the one of the “teaching experiment”
and this stage of instruction was largely based on previous research efforts about teaching 
wave behavior to learners [3], [4], as is also the case for the scrutiny of the learning outcomes, 
where also previous methodologies were used and extended [5], in an analogical manner. 

At a next stage, the students were taught about how the aforementioned wave properties do 
appear in the case of particles. Here educational computer simulations (of NetLogo and other 
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pieces of software) were used as the instructional tool, having the Davisson – Germer 
experiment as its central component, with the aim to present it to future teachers possessing a
low Mathematics’ and Physics’ background. 

After the performance of the instruction (the teaching sequence) once more – together with 
the use of pre-tests and post-tests – an evaluation was carried out in order to measure the 
extent to which the students had altered and/or improved their pre-existing views about the 
distinction between a particle and a wave, and to the idea of “something being found in a 
specific place in space”.
The results – with the validity limitations imposed by the sample and the settings of the 
research – seem to be encouraging, This led us to a first set of conclusions, regarding the 
ability to teach elements of Quantum Mechanics, and especially core ideas of it, to future 
Primary School teachers, who will teach Science in 5th and 6th grade, and who are not very 
strong in Mathematics and Physics.   
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Abstract. The purpose of the report is to examine and justify the feasibility of practice-oriented 
teaching of physics in the training of engineers. A training model (at the level of physics), 
including such structural components as a model of a specialist’s activity, a model of practice-
oriented learning, a structural model of cognitive activity and independence, the technology of 
their formation, the result of preparation lies in our research. This model is being tested at Almaty 
University of Power Engineering and Telecommunications for bachelors studying in 
telecommunications and energy.  

1 Introduction  

Higher technical education is the most important part of Kazakhstan’s engineering training 
system. Modernization of Kazakhstan education should correspond to the world trend of 
professionalization of engineers' training, which is aimed at strengthening the practical 
orientation of educational programs. But new directions in the technology of the educational 
process are very slowly implemented in practice in our country. Graduates of our universities are 
often not ready for professional activity that, in turn, is the reason for the “lack of demand” of 
young specialists.

The transformation of the university into a modern dual system is associated with a very low 
level of readiness of the majority of students to study in new conditions, especially those who 
have graduated from Kazakh schools. This provision determines the huge demand for the 
definition of new educational models for the development of an active and independent student 
already in junior courses, focused on mastering their practical skills in the subject being studied. 
Therefore, practice-oriented teaching of basic disciplines (in our case, physics) is the main 
condition and environment, forming the main motives of students' independent cognitive activity
[1-3].

2 Theoretical basics of practice-oriented learning. Research method 

In the modern literature the following definition of the concept of practice-oriented 
learning is given: a practice-oriented educational environment is a specially created 
educational space which brings together targeted, informative, procedural components, and 
performs communicative, informational, activity, and professionally oriented functions. All 
this ensures the achievement by students of personal, metasubject and subject results. 

The principles of the organization of this training are: 
1) motivational support of the educational process, 
2) the relationship of learning with practice 
3) the consciousness and activity of students in learning, 
4) activity approach. 
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Students receive practical skills in the field of energy (or telecommunications) mainly in 
industry or in relevant laboratories after studying a course in physics. Therefore, the 
application of this method for 1-2 years of study at the university (when studying physics) is a 
difficult task. At the same time, the transition to such training can be accomplished with the 
simultaneous use of the principles of personal-activity, professionally directed and practice-
oriented learning in the context of a technical profile specialist model. We call these models 
the energy, heat and power engineering, the field of telecommunications specialists.

We develop the structure of practice-oriented lectures and practical exercises for each 
specialty separately. The lecture material on physics according to its content for different 
faculties does not have any special distinctions, but by professional orientation they acquire 
distinctive features. Lectures are formed by the presentation of the material with the greatest 
possible closeness of physical theories to solving the problems of future engineering activity. 
You pay special attention to physical tasks. Students experience the greatest difficulty at the 
stage of formalizing a practical task in the first place. We are correcting the method of 
forming the key competences of students in the Kazakh language of instruction using design 
and research activities. Also, we look at the students' activeness and self-sacrifice as well as 
their personal qualities. The end result is diagnosed according to the requirements of the 
trained students.

3 Conclusion 

Building a practice-oriented learning process based on professionally-oriented allows you 
to maximize the content of the physics course to their future profession through a system of 
learning goals, formulated in the language of professional tasks, determined from the model 
of the specialist’s activities. We envisage transformations at the technology level if 
inconsistencies between learning outcomes and training requirements are possible. 
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Abstract. Like other countries, Malaysia seeks to provide its citizen who can compete globally 
in science and technology but the science subjects particularly physics at school seems fail to 
attract students to learn. Other than being considered as difficult, physics is also distinguished 
by its extremely high level of abstraction. Few approaches have been introduced to overcome 
this issue but the results are still not satisfying. Through this paper, the researchers present their 
experiences implementing German Didaktik in Malaysian secondary school physics with the 
hope that this tradition would fruit a new approach and can be used effectively in teaching and 
learning of physics. The research is conducted at SMK Inanam, Kota Kinabalu, Sabah as the 
first school in Malaysia has acknowledged the Didaktik tradition, whereas here the curriculum 
tradition is implemented since its independence.

1 Introduction 

After independence, Malaysia has given a high priority to educational development and 
has invested extensively in science education. They are committed to provide the majority of 
the students, as citizens in the twenty-first century, firm foundation in science and at the same 
time to achieve the target number of students needed in the science and technology workforce 
for supporting Malaysia’s 2025 Vision in achieving the status as a developed nation. 

 
In an interview conducted by Prime Leadership Foundation, the fourth Prime Minister of 

Malaysia (currently he was re-elected as the seventh Prime Minister), Tun Dr. Mahathir 
Mohamad, was asked whether the National Education Policy had reached its goal or not 
within his 22 years of administration. This is because, when he took over as Minister of 
Education in 1974, many efforts were made by him primarily to transform the British 
education model into German education model. He explains; 

 
“Through the German system, we practice something we learn. We prove in a 
clearer way by doing the work itself. That’s why we find the Germans so efficient 
in engineering (science). But we still find that Malaysia is more geared towards 
theoretical learning system, written or verbal examination system without proving 
their ability to make it practically. This goal should be continued because if we 
want to compete with other nations, our competence and capabilities will 
practically prove to be” [1]. 

 
However, Tun Dr. Mahathir Mohamad states that he has not succeeded in changing the 

system. According to him, the Malaysian Education Ministry should continue to pursue a 
more effective method of education through a more authentic and hands-on German way. 
Thus, the researchers are just one of the groups who wanted to see to what extent Tun Dr. 
Mahathir’s view of German education can be implemented in Malaysia and the study focuses 
on the implementation of German Didaktik in secondary school physics.  
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The first step taken by the researchers was to carefully observe and illustrate the 
differences between the system that applied extensively in Malaysia which is known as 
curriculum tradition and compared to the German Didaktik tradition, as shown in Table 1 [2].  

 
Table 1 Curriculum tradition versus Didaktik tradition 

Education System in the Curriculum 
Tradition Education System in the Didaktik Tradition 

Malaysian Curriculum Development Centre Purpose of Schooling Disciplinary Science 
Knowledge Sources 

Detailed Science Content to be taught 
Teacher 
Appropriate Pedagogy 
Learners 

Teacher 
Didaktik Analysis 
Knowledge for School Science 
Appropriate Pedagogy 
Learners 

 
In short, the ideas of Didaktik tradition are used to analyse the particular role of designing 

the process of teaching and learning of physics subject such as energy concepts. The content 
structure of energy instruction in such a way that should meets the students own knowledge 
that constructed early before they enter formal school. This idea is clearly briefed in the 
Model of Educational Reconstruction (MER) [3]. Within the model, clarification of physics 
content includes physics issues, educational issues and students’ conceptions toward physics 
seeks to bring into balance and interact with one another. It helps to avoid one-sidedness in 
curriculum development. There are three intimately linked components of the MER: 
clarification and analysis of physics content; research on teaching and learning of physics; 
and construction for physics instruction. However, in this paper the researchers only provide 
the first component.   
 

The aim of the first component is to clarify the specific physics conceptions and the 
content structure from an educational point of view. Two processes closely linked to 
clarification of energy concepts and analysis of educational significance. Interestingly, taking 
students’ pre-instructional conceptions into account have proven not to be in accordance with 
the science concepts to be learned. This phase also called as elementarisation process. It leads 
to a set of “elementary” ideas comprising the key features of the content. For the energy 
concepts, the following elementary ideas may result: conservation, transformation, transfer, 
and degradation. On the basis of this set of elementary ideas the content structure for 
instruction is constructed. This process rejects the thinking of many teachers that the content 
for instruction has to be simpler than the physics content to make it accessible for the students 
as they call as reduction or simplification of the physics content structure for instruction. 
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Abstract. Like other countries, Malaysia seeks to provide its citizen who can compete globally 
in science and technology but the science subjects particularly physics at school seems fail to 
attract students to learn. Other than being considered as difficult, physics is also distinguished 
by its extremely high level of abstraction. Few approaches have been introduced to overcome 
this issue but the results are still not satisfying. Through this paper, the researchers present their 
experiences implementing German Didaktik in Malaysian secondary school physics with the 
hope that this tradition would fruit a new approach and can be used effectively in teaching and 
learning of physics. The research is conducted at SMK Inanam, Kota Kinabalu, Sabah as the 
first school in Malaysia has acknowledged the Didaktik tradition, whereas here the curriculum 
tradition is implemented since its independence.

1 Introduction 

After independence, Malaysia has given a high priority to educational development and 
has invested extensively in science education. They are committed to provide the majority of 
the students, as citizens in the twenty-first century, firm foundation in science and at the same 
time to achieve the target number of students needed in the science and technology workforce 
for supporting Malaysia’s 2025 Vision in achieving the status as a developed nation. 

 
In an interview conducted by Prime Leadership Foundation, the fourth Prime Minister of 

Malaysia (currently he was re-elected as the seventh Prime Minister), Tun Dr. Mahathir 
Mohamad, was asked whether the National Education Policy had reached its goal or not 
within his 22 years of administration. This is because, when he took over as Minister of 
Education in 1974, many efforts were made by him primarily to transform the British 
education model into German education model. He explains; 

 
“Through the German system, we practice something we learn. We prove in a 
clearer way by doing the work itself. That’s why we find the Germans so efficient 
in engineering (science). But we still find that Malaysia is more geared towards 
theoretical learning system, written or verbal examination system without proving 
their ability to make it practically. This goal should be continued because if we 
want to compete with other nations, our competence and capabilities will 
practically prove to be” [1]. 

 
However, Tun Dr. Mahathir Mohamad states that he has not succeeded in changing the 

system. According to him, the Malaysian Education Ministry should continue to pursue a 
more effective method of education through a more authentic and hands-on German way. 
Thus, the researchers are just one of the groups who wanted to see to what extent Tun Dr. 
Mahathir’s view of German education can be implemented in Malaysia and the study focuses 
on the implementation of German Didaktik in secondary school physics.  
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Abstract  
In many research pursuits the importance of the affective domain in learning is 

underscored at the expense of the cognitive development: this regards also students in science, in 
particular, physics. Following this thesis we propose a structured, pedagogically and 
technologically integrated contents and forms of teaching, based on equal basis on internet 
learning and direct laboratory experience, using rather simple interactive experiments, but 
forming cognitive paths. The contents are based on implementing the EU-developed interactive 
teaching of electromagnetism and has been introduced at Kazakh National University: we show 
how the integrated approach contributes to increasing the quality of students’ educational level.  

1. Introduction 

Nowadays the current National Policy on Education of Kazakhstan gives great emphasis 
on technology education as an integral part of national development strategy. The teaching 
methods are transferring to the new technological media, which help to exchange experiences in 
developing mental skills and take advantage of direct access to foreign educational resources.  

For the present study we choose the branch of Physics at the intermediate level of 
difficulty, namely, the Electricity and Magnetism.  

It is well-known that students of various ages have problems in understanding some basic 
concepts of electricity and magnetism; they hardly conceptualize phenomena like magnetic fields, 
electromagnetic induction, bi-directional flow of charge carriers, and so on. These facts has been 
verified repeatedly by conceptual tests like CSEM (Conceptual Survey on Electricity and 
Magnetism, Maloney et. al., 2001), BEMA (Brief Electricity and Magnetism Assessment), 
DIRECT (Determining and Interpreting Resistive Electric Circuit Concepts Test) and others, see 
[1] for a comprehensive study. 

2. Contents 

We enriched the traditional, text-book teaching, with elements of on-line material, like 
experiments with electrostatics [2], electromagnetic induction [3] and other videos. As hand-on 
experiments we proposed both simple objects from Polish “Physics and Toys” collection [4] as 
well as discovery paths developed within EU educational projects [3, 5]. The advantage of these 
simple experiments is that they can be constructed directly by students, with the use of every-day 
objects, like anti-theft labels mounted in clothes sold in supermarkets, magnetic fridge stickers, 
pieces of wires and neodymium magnets, and so on, see details in [6].   

Additional lessons are also conducted using the information technology that allow, in the 
case of conceptual and numerical exercises, the interactive, step-by-step approach, see ref. [7]. 
The advantage of this tool (available in Czech, English and Polish) is that students can 
independently choose proper level and subjects of interest, no particular registration is needed and 
navigation tools are simple.   
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3. Results 

The main purpose of the laboratory class is to involve students in conducting experiments, 
analyze the results and make own conclusions. At each laboratory studies, the students must set 
goals, such as learning all theories about an experiment, know the rules for working with 
instruments, do the work and calculate, plot and find the most convenient way to present exactly 
these experiments again.  

To maximize laboratory-based practice time in an undergraduate course at the Electricity 
and Magnetism, the theoretical topics were transferred to a flipped classroom format, via the 
production of explicative videos. Preliminary results show that videos achieve the objectives being 
well accepted by the students. The students watch the video after the class having already been 
given tools and instructions. The creation of the videos enhanced the possibility of maximizing the 
laboratory-based practice time, enabling the syllabus to adapt to the flagging concepts. It is 
necessary to the students to reflect the previous and post-lecture tasks at learning of basic 
principles of experimental work and data analysis techniques also for the practice teamwork. It 
contributes the acquisition of paramount skills such as critical thinking, communication and 
documentation. 

The knowledge has been measured prior to the intervention and two times afterward. In spite 
of the novelty of this blended approach (and also the very preliminary experience of the teachers) 
we observed a substantial rise of the emotive involvement of students. They not only follow the 
written scenarios but also perform experiments freely, inventing new, frequently quite funny 
exercises. Ex-post evaluation shows also an increased, positive attitude to Physics, in general. 

4. Conclusions 

Concluding, the application of interactive teaching methods and simple experiments leads to 
a substantial increase of the quality of students’ educational level. The choice of electromagnetism 
as a starting branch proved to be very fruitful, as various educational resources developed within 
EU projects are available on-line. A part of these resources has been already translated to Kazakh. 
Educational tools used and details of results will be presented at the Congress.  

References: 

1. V. Koudelkova, L. Dvorak. (2014). High schools students ́ misconceptions in electricity 
and magnetism and how to diagnose them. ICPE-EPEC 2013 Conference Proceedings. Prague 
2014. ISBN 978-80-7378-266-5. p. 898-905.

2. K. Służewski, G. Karwasz (2015). Four experiments in electrostatics (in Polish), ZDF 
UMK, http://dydaktyka.fizyka.umk.pl/nowa_strona/?q=node/443 

3. A. Karbowski, K. Służewski, G. P. Karwasz, M. Juszczyńska, R. Viola, M. Gervasio, 
M. Michelini. Discovering Electromagnetic Induction: Interactive Multimedia Path, Int. Work. 
on Multimedia in Physics Teaching and Learning, 14th Edition , Europhys. Conf. Abstract 
Booklet, 2009, p. 48.

4. G. Karwasz et al. (2005) Physics and Toys, CD-Rom, ZDF UMK,  
http://dydaktyka.fizyka.umk.pl/zabawki1/  

5. G. Karwasz, A. Karbowski, M. Michelini, R. Viola, W. Peeters (2008). MOSEM: 
Teaching minds-on experiments on electromagnetism in secondary schools, GIREP 2008 
International Conference, “Physics Curriculum Design, Development and Validation, Book of 
Abstract, p. 142. 

6. G. Karwasz and MOSEM Consortium (2009), Set of experiments on electromagnetism, 
http://dydaktyka.fizyka.umk.pl/nowa_strona/?q=node/679

7. Z. Koupilovà, D. Mandìkovà, et al. (2015) Interactive problems in physics, Univerzita 
Karlova v Praze, www.physicstasks.eu

Implementing EU interactive teaching of electromagnetism 
at al-Farabi Kazakh National University

Kunduz M. TUREKHANOVA, Zhylduzay E. AKIMKHANOVA1

Al-Farabi Kazakh National University, IETP, 71 al-Farabi Av., Almaty 050040, Kazakhstan 

Grzegorz P. KARWASZ

Nicolaus Copernicus University, Didactics of Physics Division, 87-100 Torun, Poland

Abstract  
In many research pursuits the importance of the affective domain in learning is 

underscored at the expense of the cognitive development: this regards also students in science, in 
particular, physics. Following this thesis we propose a structured, pedagogically and 
technologically integrated contents and forms of teaching, based on equal basis on internet 
learning and direct laboratory experience, using rather simple interactive experiments, but 
forming cognitive paths. The contents are based on implementing the EU-developed interactive 
teaching of electromagnetism and has been introduced at Kazakh National University: we show 
how the integrated approach contributes to increasing the quality of students’ educational level.  

1. Introduction 

Nowadays the current National Policy on Education of Kazakhstan gives great emphasis 
on technology education as an integral part of national development strategy. The teaching 
methods are transferring to the new technological media, which help to exchange experiences in 
developing mental skills and take advantage of direct access to foreign educational resources.  

For the present study we choose the branch of Physics at the intermediate level of 
difficulty, namely, the Electricity and Magnetism.  

It is well-known that students of various ages have problems in understanding some basic 
concepts of electricity and magnetism; they hardly conceptualize phenomena like magnetic fields, 
electromagnetic induction, bi-directional flow of charge carriers, and so on. These facts has been 
verified repeatedly by conceptual tests like CSEM (Conceptual Survey on Electricity and 
Magnetism, Maloney et. al., 2001), BEMA (Brief Electricity and Magnetism Assessment), 
DIRECT (Determining and Interpreting Resistive Electric Circuit Concepts Test) and others, see 
[1] for a comprehensive study. 

2. Contents 

We enriched the traditional, text-book teaching, with elements of on-line material, like 
experiments with electrostatics [2], electromagnetic induction [3] and other videos. As hand-on 
experiments we proposed both simple objects from Polish “Physics and Toys” collection [4] as 
well as discovery paths developed within EU educational projects [3, 5]. The advantage of these 
simple experiments is that they can be constructed directly by students, with the use of every-day 
objects, like anti-theft labels mounted in clothes sold in supermarkets, magnetic fridge stickers, 
pieces of wires and neodymium magnets, and so on, see details in [6].   

Additional lessons are also conducted using the information technology that allow, in the 
case of conceptual and numerical exercises, the interactive, step-by-step approach, see ref. [7]. 
The advantage of this tool (available in Czech, English and Polish) is that students can 
independently choose proper level and subjects of interest, no particular registration is needed and 
navigation tools are simple.   
                                                           

1 e-mail: kunduz@physics.kz 

P57



782

 

Bringing the apple to the Moon 
João A. M. Pereira 

Departamento de Física - Universidade Federal do Estado do Rio de Janeiro - UNIRIO. 
Av. Pasteur 458 - Urca 22290-240, Rio de Janeiro, Brasil 

Abstract. Newtonian gravity can be regarded as a hypothetic - deductive system where the 
inverse square law is the starting point from which gravitational phenomena are deduced.
Nevertheless, regarding phenomena as a source of the theory is advantageous to scientific 
education since it deals with modeling. This paper introduces Newtonian gravity by comparing 
free fall events on the Earth and on the Moon to deduce the universal law of gravitation using a 
method similar to the separation of variables. It also steps into the modern interpretation of 
gravitational phenomena i.e. Einstein´s general relativity stressing the importance of the
gravitational mass concept.

1 Introduction 

 Newton´s universal law of gravitation brings a way to compute an attraction force 
between two masses 𝑚𝑚 and 𝑀𝑀 apart a distance 𝑟𝑟. Its simplest modern formulation reads 
       𝐹𝐹 𝐺𝐺 𝑚𝑚𝑀𝑀

𝑟𝑟               (1) 
where 𝑟𝑟 is the distance between the centres of the two bodies, 𝐹𝐹 is the gravitational force and 
𝐺𝐺 is the gravitational constant (𝐺𝐺 = 6.67 x 10-11 N m2/kg2). The universal law of gravitation is 
taken as a fundamental postulate from which one deduces gravitational phenomena. This form 
of presenting gravity is predominant in teaching practice since in most university physics 
courses [1,2] equation (1) is presented "ready to be used". This cut off is actually desirable
when the point is to solve problems related to classical mechanics. However, the reverse path 
is pedagogically helpful: regarding phenomena as a source for the development of theories
can be instructive to scientific education since it deals with model conception and 
construction [3]. Considering a contemporary analysis of the gravitational force law, another
important characteristic of equation (1) is that the masses appearing on its numerator are
referred as gravitational mass. The conceptual distinction between inertial and gravitational 
mass is important because these two concepts are logically independent and preserves
causality in the application of Newton´s second law to problems involving gravity. This
article presents the universal law of gravitation from first principles, using its empirical basis
and letting the reasoning guide the mathematical procedures. The presented discussion is done
in a way that makes the universality of the constant 𝐺𝐺 self-evident, being a conclusion rather 
than a statement. This is done by reaching an equality similar to those applied in the method 
of separation of variables, where 𝐺𝐺 plays the role of the separation constant.

2 Discussion 
Figure 1 shows the schematics of the didactic sequence. Any suspended object, an apple for 
instance, will fall to the ground when left free. According to Newton´s first law - inertia - a
force must be acting on the object, otherwise it would keep motionless in its original position 
after being left. Remarkably, the fall movement type does not depend on the specific place 
where the experience is done (Earth or Moon in this case). Following the universality of 
Physical laws, one can write 𝐹𝐹𝐸𝐸𝐸𝐸 𝑚𝑚𝑔𝑔𝐸𝐸 (Fig. 1a) and 𝐹𝐹𝑀𝑀𝐸𝐸 𝑚𝑚𝑔𝑔𝑀𝑀 (Fig. 1c) for the forces 
acting on an apple of mass 𝑚𝑚 on the Earth and on the Moon respectively. Correspondingly, 
the force due to Earth´s gravity on the orbiting Moon is 𝐹𝐹𝐸𝐸𝑀𝑀 𝑀𝑀𝑀𝑀𝑎𝑎𝑀𝑀𝐸𝐸 (Fig. 1b) and, by 
symmetry, one has that 𝐹𝐹𝑀𝑀𝐸𝐸 𝑀𝑀𝐸𝐸𝑎𝑎𝐸𝐸𝑀𝑀 (Fig. 1d). Being the accelerations 𝑎𝑎𝑀𝑀𝐸𝐸 and 𝑎𝑎𝐸𝐸𝑀𝑀computed 
in the center of mass one has that
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Fig. 1 The system treated in the didactic section. (a) A falling apple of mass m near the surface of the Earth with
acceleration 𝑔𝑔𝐸𝐸 . (b) The Moon with velocity vM and acceleration 𝑎𝑎𝑀𝑀𝐸𝐸 . (c) The same apple falling on the surface of 

the Moon with acceleration 𝑔𝑔𝑀𝑀 . (d) The Earth with velocity vE and acceleration 𝑎𝑎𝐸𝐸𝑀𝑀 . All the accelerations and
velocities are to be computed in the centre of mass of the respective system

        𝑎𝑎𝑎𝑀𝑀𝐸𝐸   𝑎𝑎𝑎𝐸𝐸𝑀𝑀  𝑀𝑀𝐸𝐸 𝑀𝑀𝑀𝑀          (2) 
which is equivalent to assume that Newton´s third law is valid for non-contact bodies (the  
instantaneous action at a distance). The centripetal acceleration formulation plus the third 
Kepler´s law and the approximation 𝑀𝑀𝑀𝑀 𝑀𝑀𝐸𝐸  permit us to write 𝑎𝑎𝑀𝑀𝐸𝐸 𝑅𝑅𝐸𝐸 𝑟𝑟 𝑔𝑔𝐸𝐸  and, 
by symmetry, 𝑎𝑎𝐸𝐸𝑀𝑀 𝑅𝑅𝑀𝑀 𝑟𝑟 𝑔𝑔𝑀𝑀 . When these accelerations are inserted in equation (2) one 
reaches: 
       𝑔𝑔𝐸𝐸𝑅𝑅𝐸𝐸 𝑀𝑀𝐸𝐸 𝑔𝑔𝑀𝑀𝑅𝑅𝑀𝑀 𝑀𝑀𝑀𝑀         (3) 
 Equation (3) expresses that the value obtained by the combination of 𝑔𝑔, the acceleration 
of a falling object near the surface of a planet, 𝑅𝑅 , the radius of the planet and 𝑀𝑀, the inertial 
mass of the planet, should not depend on where we are (Earth or Moon in this case).  
Therefore, it must have a universal value which can be called 𝐺𝐺. It is straightforward to write 
that 𝑔𝑔 𝐺𝐺𝑀𝑀 𝑅𝑅  and from there reach equation (1) [4]. Einstein´s general theory of relativity 
uncovers some aspects of gravity in ways unachievable to the Newtonian thinking. For 
instance, it solves the action at a distance problem. This is done by reinterpreting gravity not 
in terms of a force, but considering that gravitational mass causes a local spacetime curvature 
that affects the movement of surrounding objects. This corresponds to an application of the 
'strong equivalence principle', which says that the Physical laws in an accelerated frame 
should be no different from the ones experienced in the presence of a gravitational field. 
Therefore, relativistic effects, such as time dilatation and Lorentz contraction, must be 
observed in a gravitational field even for static situations (since gravity can be experienced 
without movement). Strictly speaking, the fundamental concept for Einsten´s theory of 
gravity is the gravitational mass not the gravitational force; and if there is no force there is no 
action at a distance to be considered. 

3 Conclusion 
The study of gravity offers a good opportunity to think scientifically so this contribution 
intends to show students how rational though, rather than the memorization of a list of 
scientific facts, can lead to meaningful Physical laws. 
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Abstract: In the subject Mechanical Physics in the Surcolombiana and Cooperative 
Universities of Colombia, in Neiva, the low academic performance of the students is 
evident; this qualitative research, in development, seeks to use teaching-learning 
strategies mediated by ICT, for the improvement of scientific, communicative and 
technological competences required by the Ministry of National Education. In this way, 
it is expected that the academic results in Mechanical Physics will improve until 
reaching the standards established at national and international level, contributing to the 
training of competent professionals in their field of action. 

1. Research problem 

The low results obtained by the students of the Mechanical Physics subject, of the 
Bachelor of Natural Sciences and Industrial Engineering, of the Surcolombiana and 
Cooperativa de Colombia Universities in Neiva respectively, show the non-compliance 
of national and international framework standards, since the students they are formed 
under decontextualized teaching processes of their reality and technological progress. 

Learning is a process in which the student, guided by an educator, develops skills 
and abilities that allow him to seek and apply knowledge by himself [1]; thus, poor 
performance shows a deficient process in the teaching-learning relationship, so that 
academic results do not meet the expectations of the quality standards required of 
Colombian universities or the Colombian Institute for the Promotion of Higher 
Education. 

This research aims to determine improvements in the teaching-learning of the 
Kinematics, using ICT tools in training for scientific, cognitive and communicative 
skills. Taking into account that ICTs are mediating instruments of the relationships 
between teachers, students and teaching and learning contents (tasks) [2]. 

2. Methodology 

It is a descriptive research, with longitudinal design based on the qualitative 
approach, used mainly in social sciences and education. 

The research will involve 75 students of the Bachelor of Natural Sciences from the 
Surcolombiana University (Public University) and Industrial Engineering from the 
Universidad Cooperativa de Colombia (Private University), both with headquarters in 
Neiva. 

Phases of the investigation: 

2.1 Phase 1. Diagnostic 

In this phase, the management of scientific, communicative and ICT skills in 
Kinematics will be identified through diagnostic assessments and rubrics. 
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2.2 Phase 2. Intervention 

During this phase, modules will be designed and applied for competences in 
Mechanical Physics, specifically the kinematics unit.  

Instructional Modules for Students: includes workshops, experimental laboratories 
and simulators Cassy Lab 2.0, according to the contents of Kinematics. 

2.3 Phase 3. Validation. 

In order to validate the instructional modules by competences and their impact on 
students, rubrics and diagnostic tests will be applied during and at the end of the process 
on the same scale of complexity 

3. Expected results 

The aim is to determine the impact of the use of ICT tools, in the improvement of the 
understanding and assimilation of curricular contents, based on scientific, technological 
and communicative competences; an improvement of the Mechanical Physics 
curriculum of the Industrial Engineering programs of the Cooperative University and 
Bachelor of Natural Sciences and Environmental Education of the Surcolombiana 
University is also expected. 
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Natural Science Teaching with Microsoft Excel 
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Abstract. Natural science classes require numerical calculations from the students, because it based on measurable 
quantities. During science classes, we discuss the relationship and proportion between these quantities. A 
significantly large group of students struggle to solve numerical problems that can be caused by: non-adequate 
time for practicing, lack of mathematical knowledge, weak motivation, or presence of any learning disorder (e.g., 
dyslexia). As a result, only a few and very simple problems are solved during physics and chemistry classes. Our 
goal is to demonstrate that these issues can be mitigated by exploiting the benefits of Microsoft Excel. This method 
will provide positive experiences to students when solving numerical problems and evaluating experimental 
results. 

1. Excel in Data Processing  
Most of the experiments performed during the classes are measurements. This statement is 

mostly true for the physics classes, although there are several cases in chemistry, e.g., titration. 
The analysis of the measured data and the calculation of an unknown quantity from the 
experimental results are often time-consuming. This is particularly true when experiments are 
running in parallel, and the same calculations have to be repeated several times.  

Often, the goal is to show only the results of the experiment for various reasons:  
 The calculation method had been already introduced during previous classes and 

practiced as homework assignment. Now, the focus is on the experiment.  
 The measurement time is long; therefore, most of the class time is used up, and 

the remaining time is insufficient to discuss the experimental results. 
 Students from younger classes missing the necessary mathematical background. 

In the abovementioned cases, Microsoft Excel can be successfully used to evaluate the 
results and to perform calculations. The students only need to fill out a well prepared Excel 
sheet with the measurement results, and the software automatically calculates the unknown 
quantities.  

The spreadsheets can be prepared by a teacher; however, it is very beneficial to the students 
when they create a file alone. The mathematical algorithm is identical to the on-paper solution 
and similar to parametric equations. Instead of referring to the quantity’s symbol, in the 
worksheet, the user refers to a corresponding cell and the mathematical operations are replaced 
by the built-in functions.  

This method can be used during physics and chemistry classes. Furthermore, the students 
can even use the spreadsheets on their smartphones during class or extracurricular activities, so 
the software can be used for student-led experiments. In case of a series of measurements, the 
graphical representation of the data can be plotted right away. Several times, measurement 
errors occur that immediately get visualized on the automatically refreshing graph. These errors 
can be easily fixed by re-measuring the data, and refreshing the spreadsheet with the correct 
results. Parts of the experiment can be assigned to various students, e.g., various parameters, 
and the results could be summarized in a single shared worksheet (e.g. on Google Drive). 
Therefore, the results could be easily compared, analyzed, and plotted. This method can also be 
used for homework assignment. In this case, the students can upload the experimental data from 
home into the shared worksheet. 

The main advantage of this method is the participation of students with various learning 
issues in the experiments. So, their frustration and exclusion can be avoided leading to 
motivated studies. The software can provide a confidence to the possibility of reaching the 
analytical phase of the experiments. Younger students can conclude from various measurement 
results even without all the necessary mathematical background. The software allows data
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fitting (most likely to a simple straight line), and so helps to define the relationship between the 
measured quantities. Finally, this method helps the teacher as well, especially in measurements 
involving unknown parameters. As an example, a titration of an unexplored chemical solution, 
where the results of the students can quickly be overseen. There are several measurements in 
natural science, where this method can be used. One of these cases is the measurement of the 
gravitational acceleration from free-from falling measurements from various heights or from 
the period of a pendulum with various lengths. The method can be used to determine the mass 
of unknown object from the resonant frequency, the coefficient of friction of object on a slope 
determined form the angle of the slope. In chemistry, it can be used to determine the 
concentration of the unknown solution during acid-base or redox titration experiments. 

2. Computer in problem solving 
The Microsoft Excel spreadsheets are useful not only for experimental data analysis. It can 

be used in certain calculations in physics and chemistry to simplify the problem solving or the 
thought process of students. 

The use of Microsoft Excel is recommended for problems that, after the initial understanding 
of the solution method, require a step-and repeat workflow. After solving countless similar 
problems on a paper, this method can be introduced to student, and show how to calculate and 
process large amount of data. It can be used to simplify series of calculations to further analyze 
the result on an abstract level. In our presentation, we will show examples; the gravitational 
force on or at a distance of the planets in the Solar System or the molar heat capacity calculation 
of hydrocarbons. We will show the issues student can face and the solution with Excel.   

3. The evaluation of the method 
Problem solving with Excel requires to have discipline to avoid students to feel that the 

teacher shows a shortcut to sidestep hard work. As with any other cases that involves 
information technology devices in teaching, its use can be only justified if it provides more and 
different approaches than when it is not used. It cannot be allowed to replace problem solving 
on paper that results in the reduction of thought process of students.  

Therefore, problem solving on paper has to be practiced a lot before the use of Excel. It is 
equally important that the preparation of the Excel worksheet is done by the students. They 
have to follow the same algorithmic steps while creating the worksheet as during the problem 
solving on paper. In addition, their abstraction level thinking also increases as they use the built-
in functions and various references for the cells.  

As of now, the trial of the method was carried out in small groups. The initial results are 
promising, the student gave positive feedback, and they expressed their desire to solve similar 
problems in the future. Further studies will be required on larger groups and on different type 
of problems to demonstrate the effectiveness of the method.  
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Abstract. The extent on which motion sensors are used for dynamics research is increasing 
exponentially with the development of new and more efficient technologies. The present 
research offers a solution to the correction of data analysis, keeping a reasonable cost. This 
study looks for an application of Wireless Sensor Networks (WSN) to obtain position 
parameters, expressed by the spatial coordinates for classical mechanics experiments. As 
calibration for future applications, the versatility of the device is tested by using it in physics 
experiments of 1 and 2 dimensions, where the theoretical and numerical results are compared 
with the experimental data obtained. 

1 Introduction 

The application field of Wireless Sensor Networks (WSN) as an emerging technology, has 
been extended to various areas and functions, e.g. monitoring of natural environments, 
development of medical and security tracking systems, amongst many others. Previous works 
have shown the difficulty when measuring parameters in dynamic systems. In one of these 
previous works, a test plate is set up, and through wireless communication data, its parameters 
are obtained, but with a considerable error. The same principles of data analysis are applied to 
the measurement of the sensors to  obtain the processed data. 

There are many companies in the present day, dedicated to the development of tools used 
in physics research, particularly in the field of dynamical systems. These companies use 
primarily motion sensors, for they enhance the communication between the computer (the 
receiver) and the external module. Nevertheless, using wireless communications can imply a 
big cost for some laboratories, depending on the complexity of the study. Wireless 
communications are currently used and applied to a variety of monitoring systems, since they 
offer a great data record on specific tasks, and it is precisely this that the degrees of freedom 
(DOF) are set. In this work, we focused on obtaining and analyzing experimental data of 
dynamic systems, offered by wireless sensors; such analysis involves the comparison of the 
experimental data with results obtained from theoretical and numerical solutions. 

2 Main components used in our WSN 

2.1 XBee  

Digi XBee RF modules provide wireless connectivity in a range of protocols and form 
factors to support low power applications.[1] The Digi XBee 802.15.4 module is ideal for 
experiments requiring low latency and a predictable communication time, thereby providing 
quick communications. Moreover, this module enables robust end-point connectivity with 
ease, wether deployed as a pure cable replacement for a simple serial communication, or as a 
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part of a more complex network of sensors. Some specifications of our interest are: a) 
Indor/Urban range of 30 m, b) Outdoor/Rf line-of-sight range of 100 m, c) Frequency band of 
2.4 GHz, d) Supply voltage of 2.8  3.4 VDC. 

2.2 MovSens 9DOF IMU 

The DOF sensors on-board refers to the amount and quality of them: 6 DOF implies 3-axis 
gyroscopes and accelerometers (a typical inertial measurement unit  IMU), 9 DOF refers to 
an IMU plus a compass (a 3-axis magnetometer), 10 DOF adds a barometer and 11 DOF 
usually adds a GPS receiver.  

The single-flat board of MovSens 9DOF IMU [2] is originally designed by Sparkfun and 
remixed by MovSens, which incorporates three sensors: an ITG-3200 (triple-axis gyroscope), 
ADXL345 (triple-axis accelerometer), a HMC5883L (triple-axis magnetometer) which gives 
nine degrees of inertial measurement. Furthermore, this board integrates the hardware of 
wireless signal modulating, so that it needs only inserting the XBee module, and booting up  
the wireless data communication.The outputs of all sensors are processed by an on-board 
microcontroller ATmega328 and output over a serial interface.  

3 Configuration and programming our components 

The Digi XBee 802.15.4 module configuration requires the use of the XCTU [3] 
multiplatform utility of the Digi Company, which allows users to interact with Digi RF 
devices. Based on the programming work of Jordi Muñoz, et. al. the MovSens 9DOF IMU has 
been converted into AHRS [4]. With the necessary modifications according to the range of 
values shown by the sensor readings and the necessary calibration adjustment of the board, 
the applications pursuing the present work will be achieved. 

4 Application in 1D and 2D trajectory plotting 

5 Conclusion 

We obtained spatial coordinates of some dynamic systems in 1D and 2D through wireless 
sensors, the use and management of these components is low cost and used in the teaching 
and research of physics. 
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Abstract 
It is now established that the modern educational process is becoming more efficient when using interactive,

multimedia  rich  educational  resources  that  provide  active  teaching  methods  [1].  The  best  way  to  meet  these
requirements are educational resources and virtual reality systems. An example of such electronic resources are
virtual laboratories that can model the behavior of real-world objects in a computer-based educational environment
and  help  learners  acquire  new knowledge  and  skills  in  natural  science  disciplines  such  as  chemistry,  physics,
mathematics, computer science, and their combinations [2]. Virtual laboratories contribute to increased visibility,
interactivity, as well as the formation of students' cognitive and creative activity [3].

1. Introduction

One of the goals of creating virtual laboratories is to strive for comprehensive visualization
of the studied processes, and one of the main tasks is to ensure the possibility of preparing the
student for the most complete perception and understanding of their essence. Virtual laboratories
allow not only to model objects and processes of the surrounding world, but also to organize
access to real laboratory and scientific equipment. On the basis of 3D virtualization, it is possible
to create a model that clearly demonstrates the basic principles of operation, both of the simplest
measuring instruments and of complex laboratory experimental techniques [4].

Conducting, developing and controlling a physical experiment is a very complex process
that requires a deep understanding of the phenomena occurring in the experiment and practical
skills in working with experimental equipment. Therefore, the introduction of virtual elements in
the experiment is relevant in this educational process and will contribute to a better assimilation
of the material  being studied by students.  In addition,  it  will  reduce the time of training on
laboratory equipment.

2. Contents
 

This paper presents the results of introducing virtualization elements into a physical plasma
experiment both for understanding and familiarizing with the device of an experimental plasma
setup - a vacuum-arc accelerator (VAA-1, figure), and for explaining the processes associated with
producing a gas-discharge plasma [5]. VAA-1 was developed in the laboratory of the Pulse Plasma
Accelerator  of  the  Kazakh  National  University.  Al-Farabi.  The  work  of  this  installation  is
connected with the content of several special training courses in plasma physics and accelerator 
technology for students of technical specialties, since at present gas-discharge plasma has a wide
range of study and applications.
____________________
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Fig. - Appearance of the VDU-1 installation

3. Results

To accomplish the task,  it  was proposed to  use the computer  program 3DMAX [6].  3D
Studio Max is a professional software package created by Autodesk for full-fledged work with 3D
graphics, containing powerful tools not only for direct three-dimensional modeling, but also for
creating high-quality animation. The standard package also includes a visualization subsystem that
allows one to  achieve fairly  realistic  effects,  which is  important  for  monitoring the  proposed
plasma  experiment,  since  access  to  some  parts  of  the  experimental  setup  at  the  time  of  its
operation is limited or even impossible [5]. This creates difficulties for the perception of a holistic
picture of the phenomenon or process under study.

The results of the plasma experiment, obtained using virtualization, can be used both to
study the physics of plasma processes and to optimize the operation of the installation itself, which
will undoubtedly contribute to the development of strategies to improve the skills of technical
students.
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Abstract 
It is now established that the modern educational process is becoming more efficient when using interactive,

multimedia  rich  educational  resources  that  provide  active  teaching  methods  [1].  The  best  way  to  meet  these
requirements are educational resources and virtual reality systems. An example of such electronic resources are
virtual laboratories that can model the behavior of real-world objects in a computer-based educational environment
and  help  learners  acquire  new knowledge  and  skills  in  natural  science  disciplines  such  as  chemistry,  physics,
mathematics, computer science, and their combinations [2]. Virtual laboratories contribute to increased visibility,
interactivity, as well as the formation of students' cognitive and creative activity [3].

1. Introduction

One of the goals of creating virtual laboratories is to strive for comprehensive visualization
of the studied processes, and one of the main tasks is to ensure the possibility of preparing the
student for the most complete perception and understanding of their essence. Virtual laboratories
allow not only to model objects and processes of the surrounding world, but also to organize
access to real laboratory and scientific equipment. On the basis of 3D virtualization, it is possible
to create a model that clearly demonstrates the basic principles of operation, both of the simplest
measuring instruments and of complex laboratory experimental techniques [4].

Conducting, developing and controlling a physical experiment is a very complex process
that requires a deep understanding of the phenomena occurring in the experiment and practical
skills in working with experimental equipment. Therefore, the introduction of virtual elements in
the experiment is relevant in this educational process and will contribute to a better assimilation
of the material  being studied by students.  In addition,  it  will  reduce the time of training on
laboratory equipment.

2. Contents
 

This paper presents the results of introducing virtualization elements into a physical plasma
experiment both for understanding and familiarizing with the device of an experimental plasma
setup - a vacuum-arc accelerator (VAA-1, figure), and for explaining the processes associated with
producing a gas-discharge plasma [5]. VAA-1 was developed in the laboratory of the Pulse Plasma
Accelerator  of  the  Kazakh  National  University.  Al-Farabi.  The  work  of  this  installation  is
connected with the content of several special training courses in plasma physics and accelerator 
technology for students of technical specialties, since at present gas-discharge plasma has a wide
range of study and applications.
____________________
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Abstract. Also in teaching quantum physics one would like to bring experiments to the secondary 
school classroom, if not for “proofing” theories, then at least for illustrating and visualizing 
concepts. When EM waves are totally internally reflected from the inside of a prism, so called 
evanescent waves can tunnel through a narrow slit to another prism [1] and the intensity shows the 
exponential dependence on the width of the slit typical for tunneling. Our poster will discuss 
students’ conceptual problems with this demonstration based on experiences with 112 students and 
5 teachers and classes at different schools. 
 
 

The inside of a prism can be used as a mirror. When light hits the prism with an angle of 
incidence greater than the critical angle, all light will be reflected. From a geometric optics 
point of view the laser beam is totally reflected. From a wave optics perspective, the wave 
comes out of the inside surface (evanescent waves). This total internal reflection can also be 
observed when looking from down below at the surface of a glass of water, the water surface 
acts like a mirror. However, if there is a slit with a width of some wavelengths or less, some 
waves might “tunnel” through. This is called frustrated internal reflection and the waves are 
called evanescent waves. This phenomenon can be observed with water waves, microwaves, 
and as well as light [1] at the barrier but can also help to explain quantum tunneling. Albion et 
al [2] describe an experiment using microwaves with prisms. 

We demonstrated this microwave experiment to our secondary school students and 
interviewed some of them afterwards. In spite of a brief explanation of total internal reflection, 
they had not picked up that idea and thought it was normal that some microwaves would go 
straight. Total internal reflection is not part of the current Dutch physics curriculum. 
Furthermore, they thought that if some waves would go straight, all waves would go straight 
and no intensity would be reflected. When asked for everyday examples of total internal 
reflection, they had no idea until we showed them a laser beam from below reflecting off the 
water surface in a glass of water. So we had to drastically change our presentation of the demo. 
There were technical issues as well with resonances, therefore it was difficult to demonstrate 
exponential decay. 

Another problem concerned the equipment. Albion et al [2] used prisms with metacrylate 
pellets, we used carton prism shapes filled with polystyrene beads. But microwaves are invisible 
for students and we had trouble with resonances (standing waves). Therefore, we also 
experimented with light and the set-up should have been easy, but somehow, we were not able 
to see and measure frustrated internal reflection trying quite a few prisms! Finally, we ordered 
some high-grade prisms and put some plastic film to create a wedge and then it all worked 
perfectly including the measurement of the exponential fall-off of the intensity over several 
orders of magnitude Figures 1 & 2). The intensity was measured by a photodiode. 

 
With these experiences and information about typical misconceptions about tunneling [3] 

we came to the following sequence of demonstrations: 
a) Demonstrate total internal reflection with a prism and a laser. Turn the prism and 

show that the intensity of the refracted beam becomes zero when the angle of 
incidence is greater than the critical angle.  
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b) Show this also with a glass of water or with an aquarium. With the latter one can 
show the water surface as a mirror when looking from below. Now what if we have 
a second prism and a very small gap? Demonstrate that some of the intensity tunnels 
straight through and that the intensity depends on the width of the gap. 

c) Present the graph of intensity versus width which has been recorded before. 
d) Discuss tunneling with graphs of the energy, wave function, and probability using 

the PhET quantum tunneling applet. 
 

Research 
 

The microwave demonstrations were conducted with 112 students and 5 teachers/classes and 
24 students were interviewed. Because of problems with understanding total internal reflection, 
students did not really make the link between quantum tunneling and the microwave 
demonstration. They did learn about tunneling though, mainly from the PhET tunneling applet 
which was demonstrated in detail and on which students were questioned in the interviews. 
Transcripts of interviews will be available during the poster presentation. 

Experiments with the new optical set-up and demonstration sequence and students are 
scheduled for early March, students will be interviewed afterwards and at the poster 
presentation we will be able to contrast interviews with microwave students and optical prism 
students.  
 

 

 
Figure 1 Prisms with wedge. Figure 2 The laser beam comes from the right and is 

partly reflected and partly “tunneled”. 
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Abstract. Late May 2018 75 students of a grade 11 class observed a sequence of double slit 
demonstrations that culminated in a single photon interference demonstration and discussion using 
the PhET applet. In pairs students had to work out some of the measurements. Three months later, 
the first week of October and well after Summer vacation, 9 pairs of students were interviewed 
about the set-up of the experiment, what they had observed, and what had been concluded. Students 
were able to recall many of the details of the set-up and observations and of the discussion of wave-
particle duality. 

Introduction  
In the past there has been great faith in the power of laboratory activities and teacher 
demonstrations to enhance the learning of physics concepts. However, reviews of the 
effectiveness turned out to be disappointing [1-3] and have shown that lab activities and 
demonstrations need to be carefully designed and embedded in lessons to realize cognitive 
benefits [4]. Therefore, we carefully scripted and evaluated our single photon interference 
demonstration. The experiment is portable, fitted in a travel-size suitcase and can be borrowed 
by secondary schools [5]. In this poster we report on a retention study.  

Lesson overview 
After introductory lessons on quantum physics which included the photo-electric effect and the 

de Broglie wave length, 75 grade 11 students took part in the following series of demonstrations 
intended to confront students with wave-particle duality: 

1. spraying colored water (paint) through a double slit (several mm wide) using a 
common plant sprayer and observing the pattern;  

2. a beam of parallel light rays through the same slit;  
3. a short YouTube video of water waves passing a double slit; 
4. laser light on a double slit;  
5.  a short video of an electron beam passing through a double slit with and without 

detectors (Dr. Quantum) 
6. single photon interference using the  experiment described below.  
7. A discussion of results using the PhET quantum wave interference simulation to 

visualize the situation. 
The demonstrations are led by the teacher but students are asked to individually predict for each 
demonstration which pattern will be observed on the screen, an image of the slits or an interference 
pattern. In demonstration 5 students also are asked to calculate the typical distance between 
photons with some guidance of the teacher and to perform some of the data analysis by hand before 
it is projected on the screen. 
 
The single photon interference demonstration 
Figure 1 shows a set-up of a double slit interference of single photons in a suit case which can 
be borrowed by schools. A laser beam passes through a filter which lets through only one out 
of 106 photons. With a laser of 5 mW and the slit only letting through about 15% the 
remaining intensity, the distance between successive photons becomes about 12 cm and at any 
time there would be only 1 or 2 photons between slits and detector.  A biconcave lens 
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between slits and detector spreads the beam. The photons are then counted at 300 positions in 
the 1,5 mm cross section of the beam. While counting, the number of photons versus location 
graph builds up on a screen (Figure 2) and is projected on the wall. A detailed technical 
description is provided in a paper [6]. The demonstration was followed by a teacher 
presentation and discussion of the PhET-quantum wave interference applet and concluded by 
the Dr. Quantum film.  
 

  
Figure 1 Single photon interference in a 
suitcase. 

Figure 2 Display of results. 

 

Interviews 

18 Students were interviewed in pairs on video as interaction between them would make for a 
more spontaneous elicitation of their conceptions than an interview between the researcher and 
one student. The questions asked were: a) what is a particle, what is a wave, and what is the 
difference? b) remember the suitcase demonstration? What was the set-up? c) what did we 
observe? And d) how did we interpret results? During the last question the PhET quantum wave 
interference applet was started up and detailed questions were asked about whether or not one can 
know where the photon is and through which slit it goes. Three months later students were able to 
recall quite a few of the details and most remembered the main features of the conclusions. During 
the poster presentation recordings of the interviews will be available with subtitles for translation. 
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Abstract. The heat transfer is a phenomenon well known from everyday life. It is intuitively 
connected to the properties of materials, that is, to the physics concept of thermal conductivity 
relevant for cooking or maintaining the constant temperature in rooms, even without being 
familiar to the underlying physics. We present a simple, quick, and almost hands-on method for 
measuring the thermal conductivity of insulating and semi-insulating materials, appropriate for a 
classroom setting.

1 Thermal conductivity 

 In the physics course, students meet the heat transfer and the concept of thermal 
conductivity illustrated by the Newton's law of cooling [1-3]:   

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 = −𝜆𝜆𝜆 𝑆𝑆𝑑𝑑 𝜆(𝑇𝑇ℎ − 𝑇𝑇𝑙𝑙)     (1) 

where dQ is the transferred heat in the time interval dt, λ is the coefficient of thermal 
conductivity, S is the area through which the heat is transferred, d is the thickness of the wall, 
separating the area with the higher temperature Th and the lower temperature and Tl. From 
everyday experiences, even with cups for coffees, it is obvious, that the heat transfer strongly 
depends on material, which is characterized by its coefficient of thermal conductivity λ. 
Unfortunately, it is rather demanding to find even an approximate value of thermal conductivity 
λ in the school setting, because experiments usually require rather sophisticated equipment not 
available in school laboratories [4-7]. An additional problem is a heat transfer due to convection, 
that significantly influence results, and usually is difficult to eliminate, or at least to control and 
estimate [1,2,6,8,9]. 

2 Proposed method 

 In this contribution we present a quick, simple, almost hands-on method for measuring 
the thermal conductivity of insulating and semi-insulating materials. The method is a 
simplified version of the approach presented more than two decades ago [5]. Our approach is 
based on measuring the temperature dependence on time of a cooling water directly instead of 
measuring the mass of melted ice due to the absorbed heat from the cooling water. The setup 
for the suggested experiment is very simple and straightforward - it consists of a reservoir 
containing several liters (Fig.1) of water with crushed ice(which allow to playdown the 
convection). In this reservoir a cups made of different materials were put, just after filled with 
a hot water. Than each cup was covered by a thick Styrofoam cover, and the thermometer 
connected to Vernier interface was inserted to the hole in the cover in order to measure the 
temperature of the water inside the cup for several minutes. 
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Figure 1: (A) The scetch of the experimental setup. (B) The actual setup. 

 For the analysis of the measurements we suggest a simple trick for reorganization of 
measured data, in which we connect the two separately taught phenomena: Newton Laws of 
cooling with heat transfer through containers’ walls. It leads to the equation, from which 
coefficient of thermal conductivity can be calculated, by utilizing the slope parameter of a 
simple linear regression to the reorganized data. In the contribution our approach will be 
discussed, together with two mathematical derivations adequates for different educational 
stages: with and without the use of more advanced calculus. 
 The method has some limitations. Although the setup eliminates the influence of 
convection and radiation, it is still not appropriate for very good conductors like metals. The 
method gives quite accurate thermal conductivities for poor conductors, actually for 
conductors that have the smaller thermal conductivity than still water, which is used as a 
cooling medium. Comparison of the measured values with the literature one will be presented 
during the contribution, together with the discussion. The reasons for the limitations will be 
briefly discussed. 
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Abstract.  The project encouraged the appropriation of the scientific knowledge of elementary
school students (8th and 9th grade) in public schools in Imperatriz - MA, aiming to overcome the
gaps  in  the  teaching  and  learning  process  of  Mathematics  and  Physics,  incorporating  new
knowledge in basic education as Astronomy and Electronics. The activities developed were based
on the active interactive method, such as: technical visits, workshops, lectures, adding dynamicity
and ludicity to the classroom contents. The results were obtained with the presentation of works
developed during the project as a scientific show, where the students demonstrated the acquired
skills.

1Introduction 

Historically the subjects of Mathematics and Physics are seen in a hostile way by most of the
students of the basic education that consider them of difficult learning and without practical
application in the quotidian, often due to the fragmentation of didactic and pedagogical work or
the lack of available resources [1, 2]. According to [3] students often do not know what they are
looking for, and even if they try to give a link to their knowledge, they do it in a misleading, for
plots.

The teaching became fragmented, in what concerns the relation between the taught theory and
the practice in the day by day, it adds to this question the limitation of didactic-pedagogical
resources,  as  well  as  in  the  appropriate  use  of  these  by  the  teacher  in  the  proposal  of  an
experimental  approach  to  science.  Integrating  physical  and  mathematical  knowledge  in
pedagogical and didactic work requires a consistent teaching action with theoretical and practical
meaning, either in the way of planning, organizing and evaluating the contents developed in the
classroom,  or  in  its  elucidation  with  playful  and  interactive  activities,  because  the
teaching/learning process only really occurs when it is fulfilled, that is, when the learner can
actually learn [4].

 Thus, it was verified the urgency of methodological intervention in the schools of the public
net of teaching of the city of Imperatriz, in order to extrapolate the limitations of the school
curriculum,  incorporating  new  knowledge  in  basic  education.  Thus,  the  Science  School
Extension Course had as its core the incentive of the appropriation of scientific and technological
knowledge, through differentiated activities, such as lectures, technical visits, workshops, that
articulate the content of the classroom to daily practice, in order to involve students in permanent
methodological actions through the promotion of curiosity and taste for science, in favor of self-
directed learning in the face of weaknesses that prevent the significant performance in achieving
good results.
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2 Results and Discussions

The  didactic-scientific  activities  developed  in  Mathematics,  Physics,  Astronomy  and
Electronics, added dynamicity and ludicity to the skills and abilities in the contents discussed in
the classroom, promoting the articulation between systematic and unsystematic knowledge. It
was performed celestial observation at IFMA, where students were able to recognize some stars,
planets and craters of the Moon, with the objective of encouraging the continuous exercise of
reflection and curiosity, natural for children and young people, demonstrating that astronomy is a
significant contributor to the teaching of science. 
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schools with the testimony of the teachers and consequently in the performance of the evaluative
activities, as well as in the human and social formation, proven by the testimony of the parents
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3 Conclusion

The actions carried out provided the students to be multipliers of the knowledge acquired, so
that this knowledge extrapolates the school scope and provides reflection, criticism and research
in the face of new challenges. Didactic activities are drivers for students, especially when it
comes  to  culturally  listed  matters  as  difficult  to  learn.  In  addition,  the  project  created  the
conditions to obtain better results, especially with regard to the gaps in the teaching-learning
process, where self-taught learning enabled and contributed to educational transformation.
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Abstract.  The project encouraged the appropriation of the scientific knowledge of elementary
school students (8th and 9th grade) in public schools in Imperatriz - MA, aiming to overcome the
gaps  in  the  teaching  and  learning  process  of  Mathematics  and  Physics,  incorporating  new
knowledge in basic education as Astronomy and Electronics. The activities developed were based
on the active interactive method, such as: technical visits, workshops, lectures, adding dynamicity
and ludicity to the classroom contents. The results were obtained with the presentation of works
developed during the project as a scientific show, where the students demonstrated the acquired
skills.

1Introduction 

Historically the subjects of Mathematics and Physics are seen in a hostile way by most of the
students of the basic education that consider them of difficult learning and without practical
application in the quotidian, often due to the fragmentation of didactic and pedagogical work or
the lack of available resources [1, 2]. According to [3] students often do not know what they are
looking for, and even if they try to give a link to their knowledge, they do it in a misleading, for
plots.

The teaching became fragmented, in what concerns the relation between the taught theory and
the practice in the day by day, it adds to this question the limitation of didactic-pedagogical
resources,  as  well  as  in  the  appropriate  use  of  these  by  the  teacher  in  the  proposal  of  an
experimental  approach  to  science.  Integrating  physical  and  mathematical  knowledge  in
pedagogical and didactic work requires a consistent teaching action with theoretical and practical
meaning, either in the way of planning, organizing and evaluating the contents developed in the
classroom,  or  in  its  elucidation  with  playful  and  interactive  activities,  because  the
teaching/learning process only really occurs when it is fulfilled, that is, when the learner can
actually learn [4].
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Abstract. The aim of this poster presentation is to present the results of a survey 
regarding the impact of extracurricular education at Palacký University science centre 
on pupils’ school performance in comparison with curricular education survey. This 
survey is realised by a pre-test and a post-test. Furthermore, the conference attendees 
will be introduced to teaching materials used during the science centre lectures - pupils’ 
worksheets, methodology for teachers and optical components manufacturing manual. 
These components will be used by the pupils during the experiments. After their 
evaluation, the pupils will describe the observed physical phenomena. 

1 Key words 

Didactics of physics, science centre, extracurricular education, school performance. 

2 Introduction 

Although extracurricular education in science centres is gradually being integrated into the 
Czech education system, visiting science centres is still based on the initiative of schools, or, 
rather teachers’ initiative. This could be caused by the yet to be understood impact of 
extracurricular education in science centres on pupils’ school performance. 

3 Aim 

This research focuses on the evaluation of physics as a school subject. Secondary aim of 
this work is to develop a tool for assessing the science centre-based extracurricular education 
and subsequently to evaluate the impact of science centre-based extracurricular education on 
pupils’ school performance. The evaluation is conducted at Palacký University science centre  
(orig. Pevnost poznání) as a part of the physics courses. The courses are created along the 
lines of research-oriented education based on pupils conducting the experiments and their 
subsequent evaluation of the observed phenomena. 

4 Presentation outputs 

During this poster presentation there will be introduced the learning materials created as a 
part of teaching programs related to optical components. Each teaching program includes 
pupils’ work sheets, methodology for teachers and optical components manufacturing manual. 
These components will be manufactured during school lessons and the pupils will attempt to 
describe the physical phenomena. The components will be included in this poster 
presentation. Integrated into the presentation will be the comparison of the curricular and 
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extracurricular survey. The survey consists of a pre-test and a post-test and its primary aim is 
to determine the success of curricular and extracurricular leaning process. 
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Abstract. Introductory electricity is a difficult topic for most lower secondary students, especially 
the development of an adequate conceptualization of voltage is seen as a major obstacle. A few 
concepts concerning physics lessons have been proven helpful when it comes to constructing 
conceptual knowledge. For example, the choice of content structure, meaningful elementarisation 
of basic concepts or adequate use of analogies. What has not been in the focus is how physics 
school textbooks consider these factors. In this contribution, we compare four widely used Austrian 
physics school textbooks concerning their content structure, definition of basic concepts and their 
use of analogies.

1 Theoretical Background 

Introductory electricity is one of the core elements of lower secondary physics classrooms all 
over the world. Physics teachers (using textbooks) do their best to enhance student’s 
understanding of the concepts current, voltage and resistance. However, even after instruction, 
students show typical misconceptions such as “electric current is used up” or “voltage is a 
property of the current”. Despites years of research on the teaching and learning of electricity
(e.g. [1, 2]), the analysis of physics textbooks concerning introductory electricity has fallen short.

In this contribution, we report the analysis of four widely used physics textbooks in Austria. 
Since introductory electricity is an integral part of the curriculum in 7th grade, we focused on 
this level.

As theoretical basis for the analysis of the textbooks we draw on the concept of “content 
structure diagrams”, developed by Müller and Duit [3]. These diagrams were initially developed 
to analyse the content structure of physics lessons via flow-diagrams and have since proven to 
work well. Especially the interlinking of concepts during lessons has been proven to support 
student’s gain in content knowledge [4, 5]. However, this method can easily be adapted to 
analyse physics textbooks in various categories. Doing so, instead of analysing single physics 
lessons, sections of textbooks are investigated. Through research in the past years, several 
guidelines have been identified regarding content structure, analogies and definitions in 
introductory electricity, which serve as a theoretical basis for the analysis of the schoolbooks.

2 Focus of the study – Research questions – Methods

We compared the introductory electricity section of four widely used Austrian physics 
textbooks for 7th grade. Thereby we focused on four different aspects: Content structure, 
interlinking of the content structure, definition of the concepts voltage, current and resistance and 
analogies used. Those aspects are reflected in the research questions:

1. How can the content structure of the introductory electricity sections of the analysed 
physics schoolbooks be described?

2. How interlinked are the introductory electricity sections of the physics schoolbooks?
3. How are the key concepts voltage, current and resistance defined in the schoolbooks?
4. What analogies are used in the introductory electricity sections of the schoolbooks?
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To answer the first two research questions, the content structure of the textbooks was analysed 
using so called “content structure diagrams” which can be compared to flow-diagrams. Doing so, 
the content of the textbook is separated into meaningful units, which are then linked via arrows. 
Those arrows represent the linking between different meaningful units. If the content of a 
meaningful unit is a logical prerequisite for understanding another, they are connected with an
arrow. The resulting diagrams are subsequently analysed using different criteria, for example 
amount of covered content, interlinking of meaningful units or meaningful units which are not 
linked to others. The interlinking of the meaningful units corresponds to the average number of 
arrow links per meaningful unit. About 15% of the relevant schoolbook-sections have been 
double-coded.

To answer research question three and four, the definition of the concepts and the analogies 
used were analysed through the meaningful units which cover those aspects. After analysing the 
textbooks separately, a comparative analysis of the four textbooks has been conducted.

3 Results and Conclusion

The results show that the creation of content structure diagrams yields to similar results when 
done by different persons. We double-coded 15% of all meaningful units and found an accordance 
of Cohens kappa of 𝜅𝜅 =  .74, the accordance on a global level of content structure was even 
higher. Analysis shows that the four textbooks greatly differ in the amount of covered content, 
interlinking meaningful units and also the amount of meaningful units which are not linked to 
others. For example, for the relative amount of covered content, meaning the average amount of 
meaningful units per page, the values lie between 1.28 und 5.63 meaningful units per page.

Under the assumption that teacher follow their schoolbooks to an extreme, the results suggest 
introductory electricity lessons using different schoolbooks result in completely different lessons.

4 References

[1] C. Haagen-Schützenhöfer, J.-P. Burde and M. Hopf; Spatz, Verena; Wilhelm, Thomas 
Using the electron-gas model in lower secondary schools - a bi-national Design-Based-
Research-Project In: P. von Kampen P, E. McLoughlin, editors. Bridging Research and 
Practice in Physics Teaching and Learning. Dublin, (2018). 

[2] H. Urban-Woldron and M. Hopf Entwicklung eines Testinstruments zum Verständnis in 
der Elektrizitätslehre Zeitschrift für Didaktik der Naturwissenschaften 18 1 (2012) 201–
227. 

[3] C. Müller and R. Duit Die unterrichtliche Sachstruktur als Indikator für Lernerfolg - 
Analyse von Sachstrukturdiagrammen und ihr Bezug zu Leistungsergebnissen im 
Physikunterricht Zeitschrift für Didaktik der Naturwissenschaften 10 (2004) 147–161 

[4] M. Brückmann Sachstrukturen im Physikunterricht: Ergebnisse einer Videostudie, Logos-
Verl, Berlin (2009). 

[5] S. Liepertz and A. Borowski Testing the Consensus Model: relationships among physics 
teachers’ professional knowledge, interconnectedness of content structure and student 
achievement International Journal of Science Education 37 3 (2018) 1–21. 

 

  

Content structure and analogies in introductory electricity 
chapters of physics schoolbooks

Thomas SCHUBATZKY, Michael ROSENBERGER, Claudia HAAGEN-SCHÜTZENHÖFER

University of Graz, Department of Physics Education, Universitätsplatz 5, 8010, Graz, Austria

Abstract. Introductory electricity is a difficult topic for most lower secondary students, especially 
the development of an adequate conceptualization of voltage is seen as a major obstacle. A few 
concepts concerning physics lessons have been proven helpful when it comes to constructing 
conceptual knowledge. For example, the choice of content structure, meaningful elementarisation 
of basic concepts or adequate use of analogies. What has not been in the focus is how physics 
school textbooks consider these factors. In this contribution, we compare four widely used Austrian 
physics school textbooks concerning their content structure, definition of basic concepts and their 
use of analogies.

1 Theoretical Background 

Introductory electricity is one of the core elements of lower secondary physics classrooms all 
over the world. Physics teachers (using textbooks) do their best to enhance student’s 
understanding of the concepts current, voltage and resistance. However, even after instruction, 
students show typical misconceptions such as “electric current is used up” or “voltage is a 
property of the current”. Despites years of research on the teaching and learning of electricity
(e.g. [1, 2]), the analysis of physics textbooks concerning introductory electricity has fallen short.

In this contribution, we report the analysis of four widely used physics textbooks in Austria. 
Since introductory electricity is an integral part of the curriculum in 7th grade, we focused on 
this level.

As theoretical basis for the analysis of the textbooks we draw on the concept of “content 
structure diagrams”, developed by Müller and Duit [3]. These diagrams were initially developed 
to analyse the content structure of physics lessons via flow-diagrams and have since proven to 
work well. Especially the interlinking of concepts during lessons has been proven to support 
student’s gain in content knowledge [4, 5]. However, this method can easily be adapted to 
analyse physics textbooks in various categories. Doing so, instead of analysing single physics 
lessons, sections of textbooks are investigated. Through research in the past years, several 
guidelines have been identified regarding content structure, analogies and definitions in 
introductory electricity, which serve as a theoretical basis for the analysis of the schoolbooks.

2 Focus of the study – Research questions – Methods

We compared the introductory electricity section of four widely used Austrian physics 
textbooks for 7th grade. Thereby we focused on four different aspects: Content structure, 
interlinking of the content structure, definition of the concepts voltage, current and resistance and 
analogies used. Those aspects are reflected in the research questions:

1. How can the content structure of the introductory electricity sections of the analysed 
physics schoolbooks be described?

2. How interlinked are the introductory electricity sections of the physics schoolbooks?
3. How are the key concepts voltage, current and resistance defined in the schoolbooks?
4. What analogies are used in the introductory electricity sections of the schoolbooks?

P68



804

  

Simple laboratory exercises as a method to strengthen the 
integration of a group  

Anna HAJDUSIANEK 

Theoretical Physics Department , Faculty of Fundamental Problems of Technology, Wroclaw 
University of Science and Technology, Wybrzeże Wyspiańskiego 27, Wroclaw, Poland

Abstract. In this work, an exercise has been described which is easy to be done in most schools 
during physics laboratory classes. The exercise, consisting in the investigation into the parameters 
of  trolley motion, concerns simple issues in kinematics and does not require a specialized 
equipment nor a big knowledge, and it can be conducted by beginners in physics. It has been 
observed that this exercise, except for deepening the knowledge of physics, has a positive side 
effect of strengthening the integration of pupils and teaching the ability of collaboration. The 
participants obviously liked the exercise and they did it with a great engagement.

1 Introduction  

The main objective of the laboratory classes is teaching physics, teaching how to use the 
measuring devices, planning and performing measurements, evaluating the measurement 
uncertainties. During the lessons with pupils, another effect of exercises emerged. Apart 
from deepening the knowledge, some exercises particularly stimulated personal relations, 
strengthening  in that way the integration of a group.  

The subject of investigation were groups of young people from schools (16-18) and 
students of Wroclaw University of Technology. The exercise was performed in 16 groups 
(367 people in all). In every group, several smaller teams of 8-14 participans were created. 
As a kind of a game, every team played a role of a research group compeeting to win a 
grant for its research project. The aim of this research project was to analyze the motion of 
a trolley and to find the motion parameters. During classes the listeners were reminded 
about some basic facts  concerning kinematics and basic quantities descibing motion. The 
equipment that could be used was: a measuring tape, a stopwatch and a trolley powered 
with 2x 1.5 V batteries (Fig.1).  

Before the investigations were started, the team members had to discuss between 
themselves how to do the measurements and to deliver the plan to the teacher. Next the 
teacher, after discussion with the team members, decided about “giving the grant” and 
starting the investigation.

2 The most often realized scenario of  investigations   

Pupils most often examined the trolley motion on a floor. They measured the distance 
with a measuring tape, usually 4-5m long (depending on the number of participants). At 
every 0.5m they drew a sign and placed a person with a stopwatch at every sign.  One of 
participants relased  the trolley. Then, the other persons started their stopwatches and next 
stopped them when the trolley passed by the sign where they stood.  Usually the 
experiment was repeated a few times. Next, the results for every  sign were averaged and 
put on a graph. The teams which had an  access to a computer and a spreadsheet, evaluated 
the motion parameters from the approximating curve. An example of the distance vs the 
time plot  is presented in Fig.1.  

At the end of the project, in the prepared “report on the grant”,  the obtained results,
conclusions, identification of the kind of motion  and respective parameters (acceleration 
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or speed) and the   meaurement uncertainty, according to appropriate standards,  were 
presented. 

 

Fig. 1. The trolley used in the exercise (phot. I.Hajdusianek) and  an example of the distance vs the time graph. 

3 Observations 

The main objectives of the exercise were: understanding basic concepts in kinematics, 
learning how to perform measurements and how to evaluate the results. The objectives have 
been met.  

A side effect that has been noticed was that the exercise strongly integrated the groups. 
Already at the preparatory stage there was a vivid discussion within each group, the members 
presented their own ideas and tried to convince each other. Often, just then, a particularly 
engaged  person emerged, who became an informal leader.   

During the measurement, the leader, and frequently the whole team, began to keep an eye 
on each other checking whether the remaining members fulfil their role properly (stand in a 
right place, switch on the stopwatch etc.). Most persons performed their tasks with 
engagemnt. In the teams where some  pupils  were not very keen on doing their job, the other 
members tried to uncourage them.  In one group the participants refused to collaborate with a 
person who intentionally disturbed the measurements. The teams which were the fastest in 
conducting the exercise had only one leader and other members obeyed his commands.  In 3 
groups there were 2 compeeting leaders, which led to conflicts and significantly delayed the 
work. Four teams, including more than 12 persons, worked slower because pupils had some 
problems with oragnizing themselves.      
    After the measurement has been completed, the participants tried to do a graph of the 
distance vs the time, and to evaluate from the graph the motion parameters. Sometimes, 
because of the lack of time, the results were taken home to analyze them later.

4 Summary 

Conducting a simple experiment, without a written instruction, where the participants 
perform the measurements together, plan them and work out the results afterwards, is not only 
the best way of teaching physics, but also helps to integrate the group to gain the ability to  
collaborate and creates a nice atmosphere during classes. The described above  exercise can 
be done as a first in the cycle because it integrates the groups.

References  

[1] D. Holliday, R. Resnick, J.Walker, Fundamentals of Physics, PWN SA, Warszawa, 2003.
[2] H.Young, R.Freedman, L.Ford, University Physics with Modern Physics, Addison Wesley, Boston, 2008   

y = 0,1632x2 + 0,0478x + 0,0067 

0

1

2

3

4

5

0 2 4 6

s[
m

] 

t [s] 

  

Simple laboratory exercises as a method to strengthen the 
integration of a group  

Anna HAJDUSIANEK 

Theoretical Physics Department , Faculty of Fundamental Problems of Technology, Wroclaw 
University of Science and Technology, Wybrzeże Wyspiańskiego 27, Wroclaw, Poland

Abstract. In this work, an exercise has been described which is easy to be done in most schools 
during physics laboratory classes. The exercise, consisting in the investigation into the parameters 
of  trolley motion, concerns simple issues in kinematics and does not require a specialized 
equipment nor a big knowledge, and it can be conducted by beginners in physics. It has been 
observed that this exercise, except for deepening the knowledge of physics, has a positive side 
effect of strengthening the integration of pupils and teaching the ability of collaboration. The 
participants obviously liked the exercise and they did it with a great engagement.

1 Introduction  

The main objective of the laboratory classes is teaching physics, teaching how to use the 
measuring devices, planning and performing measurements, evaluating the measurement 
uncertainties. During the lessons with pupils, another effect of exercises emerged. Apart 
from deepening the knowledge, some exercises particularly stimulated personal relations, 
strengthening  in that way the integration of a group.  

The subject of investigation were groups of young people from schools (16-18) and 
students of Wroclaw University of Technology. The exercise was performed in 16 groups 
(367 people in all). In every group, several smaller teams of 8-14 participans were created. 
As a kind of a game, every team played a role of a research group compeeting to win a 
grant for its research project. The aim of this research project was to analyze the motion of 
a trolley and to find the motion parameters. During classes the listeners were reminded 
about some basic facts  concerning kinematics and basic quantities descibing motion. The 
equipment that could be used was: a measuring tape, a stopwatch and a trolley powered 
with 2x 1.5 V batteries (Fig.1).  

Before the investigations were started, the team members had to discuss between 
themselves how to do the measurements and to deliver the plan to the teacher. Next the 
teacher, after discussion with the team members, decided about “giving the grant” and 
starting the investigation.

2 The most often realized scenario of  investigations   

Pupils most often examined the trolley motion on a floor. They measured the distance 
with a measuring tape, usually 4-5m long (depending on the number of participants). At 
every 0.5m they drew a sign and placed a person with a stopwatch at every sign.  One of 
participants relased  the trolley. Then, the other persons started their stopwatches and next 
stopped them when the trolley passed by the sign where they stood.  Usually the 
experiment was repeated a few times. Next, the results for every  sign were averaged and 
put on a graph. The teams which had an  access to a computer and a spreadsheet, evaluated 
the motion parameters from the approximating curve. An example of the distance vs the 
time plot  is presented in Fig.1.  

At the end of the project, in the prepared “report on the grant”,  the obtained results,
conclusions, identification of the kind of motion  and respective parameters (acceleration 

P69



806

  

DESIGNING AN INSTRUCTIONAL STRATEGY TO 
GET A SIGNIFICANT LEARNING OF FARADAY’S

LAW IN HIGH SCHOOL STUDENTS 
1,2 Tiffani MÉNDEZ-González (fanniux12@ciencias.unam.mx), 1,2 Mirna VILLAVICENCIO-

Torres (mirnavt@ciencias.unam.mx) 

1Departamento de Física, Facultad de Ciencias. Universidad Nacional Autónoma de México, 04510 
México City, México

2Maestría en Docencia para la Educación Media Superior (Física). Universidad Nacional Autónoma de 
México, 04510 México City, México

  
Abstract.
To teach physics in high school always has been difficult. In particular, to teach 
electromagnetism implies to discuss abstract concepts and the use of mathematical tools that 
many times are not well understood, and consequently, handled by students. In order to face this 
problem, physics professors have the challenge of designing new teaching strategies in order to 
involve students in the study of physics at the same time that motivate them. 
This work presents the design of an instructional strategy based on the creation of a ludic learning 
environment, focus to teach Faraday’s Law and waiting to reach significant learning. 

1 Introduction

  Although in Mexico high school instruction is based on different educational 
methodologies, all of them have a common point: to guide the student to learn how to learn. 
In physics class, teachers have to find the way to interest pupils in the study of physical 
phenomena and its applications in other areas of knowledge and the development of 
technology, at the same time that eradicates the idea that to learn science is hard and 
sometimes impossible.  
Faraday’s Law is included in all physics high school programs, principally to discuss how 
electric energy is generated. Even this topic is an excellent example of how science and social 
development are related; it also presents difficulties when professors try to teach it [1]. 
Actually, physics education research has demonstrated that traditional classes, where the 
teacher exposes the physical concepts and solves a lot of problems, do not improve students 
understanding of electromagnetic induction.  
In this work, we propose an instructional strategy where the STEAM teaching model [2] and 
the creation of a ludic learning environment are used to reach a significant learning where the 
student links its context and previous knowledge to the new physics concepts that is acquiring  

2 Why we need new strategies to teach the Faraday’s Law and which strategy we
propose? 

Some studies show that in Mexico we have problems in our high school physics 
courses. Although the failure index in these courses is only 14% [3], students present a 
barely understood of physics concepts. As teachers, we are responsible to analyze the 
problems and propose a solution.  
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One of the problems that we have to face is to teach physics to crowded groups where to 
maintain the interest is difficult. Taking into account that this factor cannot be controlled 
by the teacher we can contribute determining those topics where understanding is more 
difficult and proposing a teaching strategy where the student feels motivated and with the 
desire to be involved in acquiring knowledge. Faraday’s Law is one of these topics. A real 
understanding of electromagnetic induction implies the ability to process abstract concepts 
in order to explain its applications.  There is a lot of possible solutions to improve students 
skills but one of the immediate is to change the way we teach this topic.  

Our proposal, which will be implemented soon, is a pedagogical strategy constituted by 
the following points: 

Learning strategy to be applied For what?
Diagnostic evaluation (online test) To review previous concepts.

Design and construction of a light generator To detonate the review and discussion of the
fundamental physics concepts involved in

Faraday’s Law.
To encourage collaborative work

Drawing a mental map or an infographic 
about Faraday’s Law and its applications in

daily life.   

To assimilate conceptual ideas gotten from 
a little investigation

To demonstrate the importance that 
interdisciplinarity has nowadays

Conceptual and procedural Rally To reaffirm concepts
Summative evaluation (online test) To review the strategy’s impact and results

Table 2.1 Learning strategy proposal and reasons to apply it. 

3 Conclusion 

To design a pedagogical strategy that takes into account the students interests and the context 
where they develop is a first step to improve the physics class. The use of the STEAM education 
model can help to motivate the student and to demonstrate that physics concepts, especially that 
involved in Faraday’s Law have relevance and can establish the bases to develop the technology 
that facilitates our daily life.  
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Abstract. Application of quantum theory in informatics and creation of quantum information devices have 
revolutionary changed our idea about the information systems. It seems to us that the only question is that quantum 
computers will be introduced in the next decade or in some years later. Anyhow we should prepare to teach a 
radically new paradigm, the quantum algorithms, in informatics. Quantum algorithm can be demonstrated with 
quantum simulators. Present paper shows an education material which facilitate the teaching of this new field. 
Besides summarising the basic concepts and methods of quantum informatics the working of a quantum algorithm on 
a quantum simulator will be also illustrated with the discussion of an exciting quantum physical phenomenon (the 
teleportation) 

1. Teleportation 

The idea of the teleportation has excited the imagination of sci-fi novelists for a long time. 
The astronauts in the adventure series of the Star Trek transfer themselves via radiation to 
planets and back from there to their spacecraft with a special equipment. This action is 
commonly called as teleportation. Teleportation means that matter is transferring from one 
place to another without crossing the physical space between the two places. More exactly an 
extended material body is carried through the space in a bodiless form. It is very important to 
emphasize that such type of teleportation is absolutely impossible. 

However, in quantum physics it has been explored a possibility of a kind of teleportation 
which is not exactly the same as its commonly known form, but in some way like to it. The 
quantum teleportation is the destruction of a state of a microphysical system and its later 
reproduction at a different place by the use of entangled states and classical communication. It 
should be clear that in this case material bodies does not ceased nowhere and reversely they 
do not appear somewhere from the nothing. The state of an existing particle is transferred to 
another existing particle. Since the two particles can be very far from each other the process 
was called (quantum) teleportation [1]. In this sense teleportation means the transfer of a 
quantum state through a classical channel. The name is very bad and has caused lots of 
misunderstandings. 

2. Summary of quantum-physical background

The basic concept is to be used is the quantum bit or qbit which is a generalization of the 
classical bit. The simplest type of quantum system is one which has only two possible basis. 
A qbit can be in either of these basis states or in any linear superposition of them. An action 
of an operator transforms a quantum state into another one. Information in both classical and 
quantum computers are stored in registers, however, while an n bit classical register contains 
only one possible series of n bit (flip-flops) a quantum register stores all the 2n possible 
realization of these arrays at the same time. It means that operations applied to a quantum 
register are executed at once on all the possible arrays. Recognizing this simple fact we are 
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beginning to understand the enormous possibilities of the quantum computers. In January of 
2019 IBM unveiled its first ever quantum computer designed for commercial use [2].The 
series of transformations can be partitioned into operations which are acting on only one qbit 
(or a group of qbits) of the register in succession. More exactly, at the same time only one 
operation is executed. The celebrated quantum networks are easily applicable representations 
of the quantum algorithms. In quantum networks transformations correspond to gates while 
qbits are wires connecting the gates. The order of the connecting wires determines the 
sequence of the transformations. Quantum networks are very valuable in education since they 
help to understand the quantum algorithms on the basis of their analogies with the electric 
network [3][4]. 

 

 

Fig. 1 The teleportation algorithm on jaQuzzi simulator 

3. Quantum teleportation on a simulator 

Similarly to programs for planning and simulating classical network, recently many program are 
available for simulating quantum network. Of course the real quantum parallelism cannot be 
attained with normal computers, simulations produce only virtual parallelism like to multitask 
running. Elaborating our simulations we applied the jaQuzzi software [5] since (1) it is a 
freeware one, (2) it is user friend and demonstrative (builder type) one. Unfortunately due to the 
use of Java, jaQuzzi is relatively slow therefore it is not suitable for the simulation of bigger 
systems. 
In this paper the quantum teleportation network is built step by step (Fig. 1) with a detailed line 
of thought and the result are discussed and analysed also carefully. 
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Abstract. Quantum mechanics (QM) is a challenging topic, both from a conceptual and a 
representational perspective. We describe the foundations of a teaching learning sequence 
(TLS) designed to support secondary school students in building a well-organized structure of 
quantum knowledge and to let them explore some of the practices used by theoretical 
physicists to expand scientific insight. Proposals are made concerning the choice of basic QM 
contents, the answers to the interpretive challenge posed by its fundamental concepts, the use 
of math as a support for concept building in QM, the identification of the practices of 
theoretical inquiry. 

1 Introduction  

QM is far away from daily experience and from other models encountered by school 
students, who are often unable to connect quantum behavior to the physical reality as they see 
it. As a consequence, they end up conflating classical and quantum ideas [1].

Besides the non-intuitive nature of the quantum model, the physical description based on 
the quantum state includes an irreducible mathematical component. Given the conceptual 
complexity of QM and the impossibility to visualize systems and processes, a need emerges to 
turn mathematics into a support for conceptual construction. 

In addition, the teaching of QM in school is far from achieving a stable form, as the 
question of which topics to cover and how to present them remains open (e.g. [2]). There is a 
need to deepen the analysis of the core elements and of the organizing principles of basic QM.  

Another remarkable aspect of the subject is its strong link with theoretical physics. The 
study of QM may represent an opportunity for secondary school students to explore some of 
the practices used by theoretical physicists for expanding scientific insight. 

2 Research Questions 

The TLS was structured according to the following research questions: 
RQ1: how to select and organize contents, strategies and methods for supporting secondary 

school students in the development of a well-organized knowledge structure on the quantum 
model? 

RQ2: how is it possible to seize the opportunity offered by a TLS on QM in order to 
promote the exploration of theoretical inquiry practices? 

 

3 Theoretical Foundations of the TLS 

As concerns mathematics, we relied on the analysis conducted by [3] which posits a deeply 
tangled unity of mathematical and physical models and identifies two roles played by math in 
physics: a technical role and a role in structuring physical entities and situations. 
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Mathematical sense-making requires focusing on the structural processes (mathematization, 
interpretation).  

The clarification of quantum content, performed according to the model of educational 
reconstruction [4], led us to identify, as organizing principle, the relations between 
observables. At secondary school level, they take the form of relations between properties 
(RBPs), i.e. between values of physical quantities [5]. The RBPs provide a fully quantum 
explanation of the dual nature of quantum measurement (stochastic and determinate), of the 
indefiniteness of observables, and allow us to qualitatively predict measurement outcomes 
with regards to the properties involved (independently of the context and without relying on 
the quantum state concept). 

The problem of interpreting the most significant aspects of the basic topics treated is 
addressed by what we call a “reconfiguration principle”. Indeed, the transition from classical 
to quantum physics entails a shift in the meaning of known concepts and mathematical 
entities. A work of reconfiguration and new construction both at purely conceptual and at 
structural level is required to overcome interpretive pitfalls. This concerns four fundamental 
notions which, in accordance with the organizing principle, are presented in this order: 
measurement, physical quantities, state and superposition. Tables of comparison, developed to 
highlight what does change – and how – and what does not in the paradigm shift [5], acted as 
a guide to structure the tasks administered to students during each section dedicated to the 
notions at hand.

By drawing on the literature on inquiry-based learning [6], on modelling-based teaching 
[7], on instruments such as thought experiments [8] and on an analysis of the historical 
development of scientific practices, we identified the following ones as characterizing the 
construction of theoretical knowledge [5]: 1) generating, extending and revising interpretive 
models that act as comprehensive systems of explanation with the aim to develop a unified 
picture, 2) using thought experiments to deepen the insight into a topic, 3) interpreting already 
known laws within the framework of new models, 4) deepening the theoretical insight into a 
topic by adopting multiple perspectives, 5) introducing new formal structures for the 
interpretation of phenomena, 6) extending or adapting formal tools developed to describe a 
given phenomenon to new physical situations.

Each of the aforementioned frameworks has been used to develop learning strategies. 
Especially, to each of the practices corresponds the development of learning strategies 
designed to allow students to explore it.
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Abstract. To create an opportunity for students to re-elaborate their knowledge and offering them 
a working experience, 120 16-17 y.o. students from 6 classes from a Scientific Lyceum were 
involved in a research activity with responsibility in specific tasks involving conceptual learning 
of impulses and mechanical waves. Experiments by means of classical apparatus and mobile 
APPs were planned and performed aiming at individuating the best way to prepare educational 
materials for peers. In this framework an educational path aiming at clarifying the difference 
between phase and group velocity is proposed to students. Their needs, difficulties and learning 
outcomes are systematically monitored. 

1 Introduction  

To promote working competences, autonomy in study and orienting skills of students 
attending the last three years of secondary school, an educational strategy, named "school-work 
integration" was implemented in Italian secondary school curricula according to Italian Ministry 
of Education guidelines consisting in a 200-hours cooperation between school and employment 
reality. Public institutions, University in particular, are possible contexts for those kind of 
working experiences. Research in physics education can contribute to the design of such 
educational and formative modules focusing on a specific topic [1]. 

In order to actively involve students in working in data collection plans for producing a 
significant technical and data reports, promoting at the same time an analysis of the technical 
characteristics of different mobile APPs allowing quantitative measurements [2] a module 
focused on the topic of oscillation and wave propagation was designed and carried out with 120 
16-17 years old students from the Italian Scientific Lyceum L. da Vinci (Treviso).  

Students are involved in the activity in the role of researchers to produce significant 
experiments with their teachers who discuss with our research group the planning of the 
activities supporting the students in the activities they plan on their own, without guiding or 
suggesting them, but simply answering to specific theoretical or technical requests. 

In parallel with the autonomous experimental activities, an educational path designed 
according to the Model of Educational Reconstruction (MER) [3] was proposed to students with 
the aim of clarifying the difference between phase and group velocity in the phenomena of 
mechanical wave propagation in a dispersive medium. 

The research dimension of the activities is embedded in the following research questions: 
RQ1. According to which criteria students choose significant experiments to be performed 
and which experiments do they choose? 
RQ2. How do students perform the experimental phase of the activity? 
RQ3. How do students link the performed experiments with the theoretical addressed 
concepts? 
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2 Implementation of the module 

When treating a specific physics content, the theoretical framework of the MER implies a 
deep analysis of the founding cores and the physical aspect of the topic. In the case of wave 
propagation the aspects to be taken into account are the meaning of perturbation (both 
impulsive and periodic) propagation and the different issues tacit in different approaches to 
formalize the propagation itself since the goal of the activity is the clarification of the 
difference between phase and group velocity propagation phenomena are essential. The 
analysis of the main conceptual knots from physics education research literature and the main 
interpretative problems that have emerged from the history of physics, as well as an 
exploration of students' spontaneous/erroneous ideas represent the second phase of the 
structuring of the proposal. 

The activity, consisting in five monthly meetings, is designed in order to allow students to 
have an active and interactive role: they have the responsibility of finding solutions to 
problems posed to them in the form of conceptual stimuli, suggestions of experiments and 
overviews of phenomenological aspects related to pulses and wave propagation. Following 
this approach it is possible to examine the extent to which students' responsibility activates 
creative and original proposals, as well as to help them to promote a critical self-evaluation 
stimulating the internal coherence of the proposals and the analysis, improving in this way 
their competences and deepening the study of the addressed concepts. 

In parallel, three different approaches to explain and formalize the phenomena of wave 
propagation are proposed to different groups of students asking them to point out the main 
characteristics of the presented approach and reporting it to the other groups. The wave 
superimposition principle is subsequently addressed with the aim of treating the formal aspects 
regarding wave propagation in a dispersive medium. 

An iterative analysis of students' learning outcomes (answering to open-ended questions 
and facing problem-solving activities) and products (as proposal of experiments and APPs 
tests) allow to monitor the whole process and to give students specific feedback on how to 
proceed as in a real working environment. 

3 Conclusion 

The activity will end in June 2019. The research is focused on the analysis of the activated 
operative competences after the assignments of explorative and operative tasks, so aspects 
regarding the role of a research based school work in developing conceptual competences will be 
analyzed. In particular a focus will be put on students' chosen experiments for testing ideas in 
different ways and in employing mobile APPs. The chosen and performed experiments will be 
analyzed focusing on the identification of the scientific learning methodological aspects put into 
practice and on how those aspects are transformed into competences. Beyond the creative and 
coherence aspects of the proposals, a special analysis will be performed regarding the reasoning 
paths and elements considered "learning outcomes" for that scholastic level gained thanks to the
lab work concerning wave propagation phenomena. 
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Non formal activities used in Physics education 
Beata JAROSIEVITZ  

Roland Eötvös Physical Society, 1092 Budapest, Ráday utca 18. FSZ./3. , Hungary

Abstract. The main aim of the activities performed was to increase the popularity of natural and 
technical sciences, to motivate students and to build their key competencies into all learning 
areas. Students between 10-22y were involved in every activity. One of the activities was an on- 
stage performance based on chemistry and physics experiments, written and presented by 
secondary-school students1, participants of the Hungarian team for the international Science of 
Stage Festival in Copenhagen. The other activities were started in 2006, when we annually joined
professor Öveges’ steps and filled a whole afternoon with interactive lectures for a young 
audience.

1 Introduction 

Education plays a very important role in development of a society. The interest in specific 
forms of learning, such as formal, non-formal and informal, began with the 1960s “world 
educational crisis” [1].

Authors of several contemporary literatures agree that different learners learn in different 
ways. Some of the learners learn from text books, webpages, or go to museums with their 
families (chose non formal learning), or join and follow the class activity and lecture made by 
their teachers (choose formal learning). 

It seems, that „It is difficult to make a clear distinction between formal and informal learning 
as there is often a crossover between the two."[2].  

Non formal learning is a kind of a voluntary learning, which takes place in a diverse range of 
environments, which sometimes are temporally, and the activities sometimes take place by 
professional learning facilitators or by volunteers. In this presentation some good examples of 
non-formal learning will be shown. 

2 Stage performance: Alice in Chemistryland 

This charming performance explores the relationship between science, performance and 
audience in a production called “Alice in Chemistryland”, based on the Alice in Wonderland 
movie by Tim Burton. My nine-grade students were very impressed by the movie; therefore they 
have written and organized this play that included even breath-taking science experiments.  

While keeping the “physics, chemistry” atmosphere the play takes the audience into the 
charming world of Chemistryland presenting the strange and sometimes funny characters. This 
play is the living proof that the science can be entertaining. One of the experiments shows the 
amazing eruption of oxygen filled foam. This is compared with the classical volcano science 
experiment, where carbon dioxide is released, etc.. During the performance the audience enjoyed 
several very interesting experiments [3].  

The aim of writing and presenting this play was to encourage young students not to consider 
everyday technology as a ‘black box’, but to ask themselves how it works, where is it useful, 
why do we need to be familiar with the scientific terms.  

                                                 
1 http://www.szinpadon-a-tudomany.hu/kepgaleria/kepgaleria.html  
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2 Implementation of the module 

When treating a specific physics content, the theoretical framework of the MER implies a 
deep analysis of the founding cores and the physical aspect of the topic. In the case of wave 
propagation the aspects to be taken into account are the meaning of perturbation (both 
impulsive and periodic) propagation and the different issues tacit in different approaches to 
formalize the propagation itself since the goal of the activity is the clarification of the 
difference between phase and group velocity propagation phenomena are essential. The 
analysis of the main conceptual knots from physics education research literature and the main 
interpretative problems that have emerged from the history of physics, as well as an 
exploration of students' spontaneous/erroneous ideas represent the second phase of the 
structuring of the proposal. 

The activity, consisting in five monthly meetings, is designed in order to allow students to 
have an active and interactive role: they have the responsibility of finding solutions to 
problems posed to them in the form of conceptual stimuli, suggestions of experiments and 
overviews of phenomenological aspects related to pulses and wave propagation. Following 
this approach it is possible to examine the extent to which students' responsibility activates 
creative and original proposals, as well as to help them to promote a critical self-evaluation 
stimulating the internal coherence of the proposals and the analysis, improving in this way 
their competences and deepening the study of the addressed concepts. 

In parallel, three different approaches to explain and formalize the phenomena of wave 
propagation are proposed to different groups of students asking them to point out the main 
characteristics of the presented approach and reporting it to the other groups. The wave 
superimposition principle is subsequently addressed with the aim of treating the formal aspects 
regarding wave propagation in a dispersive medium. 

An iterative analysis of students' learning outcomes (answering to open-ended questions 
and facing problem-solving activities) and products (as proposal of experiments and APPs 
tests) allow to monitor the whole process and to give students specific feedback on how to 
proceed as in a real working environment. 

3 Conclusion 

The activity will end in June 2019. The research is focused on the analysis of the activated 
operative competences after the assignments of explorative and operative tasks, so aspects 
regarding the role of a research based school work in developing conceptual competences will be 
analyzed. In particular a focus will be put on students' chosen experiments for testing ideas in 
different ways and in employing mobile APPs. The chosen and performed experiments will be 
analyzed focusing on the identification of the scientific learning methodological aspects put into 
practice and on how those aspects are transformed into competences. Beyond the creative and 
coherence aspects of the proposals, a special analysis will be performed regarding the reasoning 
paths and elements considered "learning outcomes" for that scholastic level gained thanks to the
lab work concerning wave propagation phenomena. 
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Working on this project the key competencies of my students have been increased a lot, 
beside the stage performance they have used their ICT and multimedia knowledge preparing a
real film, which can be downloaded and watched [4]. 

3 Unique activities organised for the Researchers’ Night in Hungary

The “Researchers’ Night” initiative started in Europe in 2005. This project was launched first 
by the European Commission as a Europe-wide educational festival, and repeated annually on 
the last Friday of September.  

Since 2006 Hungary has also joined the initiative with different colourful activities organized 
in many educational and research places of the country.  

This unique event, organized on behalf of Roland Eötvös Physical Society in cooperation 
with the company Ericsson Hungary, is called “Follow Professor’s Öveges’ path”, and it has a 
target audience from age 6 to 100. The event starts in the afternoon and finishes around 
midnight; the participants are kids, parents, students, teachers, etc.  

During the event students are involved in the experiments; they learn (non-formal) a lot by 
games and with “doing”. 

One of the biggest successes of these Researchers’ Night programs was based on our 
suggestion, when we attempted to achieve a Guinness record which worked on physics 
principles (acoustics), and which involved many young people. Hip-hop band Punnany Massif 
and its audience succeeded to break a Guinness record at their concert in Budapest during that 
night, when 4,000 people played Beethoven’s Ode to Joy together on plastic tubes [5].  

In this presentation some hands-on experiments and good examples of non-formal learning 
will be presented. 

4 Conclusions 

Finally, we can conclude that motivated students can design and make interactive lecture 
shows, or on-stage performances based on physics or chemistry experiments. The use of ICT and 
multimedia effects can also contribute to explain the physics and chemistry concepts with much 
better effects. 

Öveges’ path event has a huge impact on the teachers and students, because the audience is 
involved in the experiments and physics is explained in a much more attractive way [6]. 
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Exoplanets in physics classes

Katalin RADNÓTI 
Eötvös Loránd University, Faculty of Science, Institute of Physics, H-1117 Budapest,

Pázmány Péter promenade 1/A. Hungary 

I present the opportunity to use a new scientific discovery in physics lessons to illustrate
how they can be interpreted in the course of public education. Students were asked to
estimate the mass of a red dwarf star using the data regarding its planets published in an
article, and through the use of the learned laws of physics.
The aim is to develop the students' knowledge of mechanics, to expand the elements of
the  Newtonian  approach,  to  deepen  their  astronomical  knowledge  and  to  practice
research methods. This new approach was tested in 2 classes, and the results were the
basis of the thesis of a graduate teacher. The problem was also solved by 70 college
freshmen.

The course of the lesson 

Introducing the topic 
Analyzing the text of the online news article1 through questions
Calculating the mass of the red dwarf in three different ways
Calculating the mass of Jupiter from the data of its moons as a homework 
Watching, analyzing, and comparing similar news reports on exoplanets

Questions asked about the article:

1. What did the researchers discover?
2. Where is the telescope with which the discovery was made?
3. Where were the researchers?
4. What methodology did the researchers use?
5. What kind of celestial body were investigated? How far is it from us?
6. Why did the researchers continue to explore and what tools did they use?
7. What further research is planned and what will they use? 
8. How long have we known about exoplanets and how many were discovered?
9. What types of exoplanets have been first discovered and why?

A simple problem was solved using the data published in the article.

The problem

Seven small, Earth-sized planets circulate around a so-called dwarf star named TRAPPIST-1,
about 39 light years from us, so relatively close by. It was announced by researchers at NASA
in a press conference on 22th February 2017. The circulation preiod and the average distance
of the planets from their star is given in the table below, and it was also depicted in a graph.
- Use the data and the graph (Figure 1) to estimate the mass of the dwarf star! 
- Compare the mass of this star with the mass of the Sun!
- What approximations and assumptions were used in the estimation?
One Astronomical Unit is the Sun - Earth distance of 1.5.1011 m, the gravity constant is   =
6.67.10-11 Nm2/kg2, the mass of the Sun is 2.1030 kg.
Calculations using the data of planets or moons is a part of the compulsory curriculum, so it
can be solved as a regular task in class. For the graph method, it is an important element to
discover the Kepler’s Third Law in the equation of the fitted curve (the exponent being 1.5).

1 https://m.ipon.hu/elemzesek/a-het-torpe-meg-a-voros-torpe/3101
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Working on this project the key competencies of my students have been increased a lot, 
beside the stage performance they have used their ICT and multimedia knowledge preparing a
real film, which can be downloaded and watched [4]. 

3 Unique activities organised for the Researchers’ Night in Hungary

The “Researchers’ Night” initiative started in Europe in 2005. This project was launched first 
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principles (acoustics), and which involved many young people. Hip-hop band Punnany Massif 
and its audience succeeded to break a Guinness record at their concert in Budapest during that 
night, when 4,000 people played Beethoven’s Ode to Joy together on plastic tubes [5].  

In this presentation some hands-on experiments and good examples of non-formal learning 
will be presented. 

4 Conclusions 

Finally, we can conclude that motivated students can design and make interactive lecture 
shows, or on-stage performances based on physics or chemistry experiments. The use of ICT and 
multimedia effects can also contribute to explain the physics and chemistry concepts with much 
better effects. 

Öveges’ path event has a huge impact on the teachers and students, because the audience is 
involved in the experiments and physics is explained in a much more attractive way [6]. 
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Fig. 1. The orbital data of the planets.

The foundations of the solution

Newton’s law of gravitation is applied to the planetary system, where  M is the mass of the
star, and m is the mass of one planet. The orbit of the planet is approximated to be circular, the
effects of the planets on each other is ignored. The motion equation is: 
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which is actually Kepler's Third Law, which we can rearrange to the following form for 
further calculations:

T
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Three methods of solving the problem 

1. Calculations using the data of each planet using the equation above. 
2. Using Excel or other spreadsheet software, applying computer skills.
3. In the graph method it is an important element to discover the Kepler’s Third Law

in the equation of the curve. 

School Trial

The above methods were tried out in a session on gravitational interactions in a high school
physics class. The only difference was that the teacher only used SI units so the students
didn’t have to convert. The text was to be read by the students at home and the questions were
answered individually,  which was then discussed together.  The students liked this  kind of
lesson and the appearance of such a new discovery on the classroom.

The research was supported by the Faculty Pedagogical Research Program of the Hungarian
Academy of Sciences.
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The acceptance of nuclear energy by students through the 
decades 

 
Katalin RADNÓTI 
Eötvös Loránd University Faculty of Science, Institute of Physics H-1117 Budapest, Pázmány 
Péter promenade 1/A., Hungary 
 

In 1987, following the Chernobyl accident, a survey was proposed by Professor 
György Marx, and this first survey was conducted among hundreds of high school and 
elementary students, who didn’t learn about the subject at school. I was curious about 
the potential knowledge and emotional attitudes the students received from other 
sources (newspapers, TV shows, parents, politicians, and from the Internet and social 
media in recent years). The study was repeated in 1993 and then in 2007. In 2018, I 
conducted a survey again using mostly the same questions, aiming to monitor the 
evolution of opinions through the decades. The poster shows the current results in 
comparison to the previous surveys. 

 
The use of atomic energy is ideal for a wealthy country with well-trained labor force and few 
natural resources. There are 4 nuclear power plant units in Hungary with 500 MW electric 
capacity each, and 2400 MW additional capacity is under construction in order to replace the 
old units. It is therefore important to examine the acceptance of nuclear energy in the general 
population. Our goal was to help shape the information strategy by publishing our results and 
to provide some advice on school education. 
 
Research questions (Q) and hypotheses (H) of the 2018 study 
 
Q1. Can there be any significant differences in the answers of boys and girls?  
H1. Based on the results of our previous surveys, we thought that the boys certainly know 

more about the subject and are more accepting.  
 
Q2. How does the knowledge system affect the acceptance of the use of nuclear technology? 

Is it changing over the years?  
H2. We suppose that the more someone knows about the subject, the more favorable the 

opinion will be. In addition, older students may know more about nuclear energy and are 
more in favor of it.  

 
Q3. Is there a difference between the knowledge and the acceptance of nuclear energy of 

students in the capital and in rural areas? 
H3. We thought that there would be no difference.  
 
Q4. Has the level of knowledge of the students changed during the past decades?  
H4. We thought the knowledge of the students would be the same. 
 
Selection of the sample 
 
In all four cases we tried to question students from several regions of the country. Filling out 
the questionnaire was voluntary and anonym. In the 2018 survey we collected data from 20 
different schools. The questionnaire, which we named Nuclear Pool, contained 13+1 
questions. The number of returned forms in each year are shown in Table 1. 
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Fig. 1. The orbital data of the planets.

The foundations of the solution

Newton’s law of gravitation is applied to the planetary system, where  M is the mass of the
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effects of the planets on each other is ignored. The motion equation is: 

γ ∙ M ∙m

R
2

=m∙R ∙ω
2

      where ω=
2 ∙ π

T
   (1)

γ ∙ M ∙m

R
2

=m∙R ∙
4 ∙ π

2

T
2

, (2)

hence we can simplify with the mass of the planet m

γ ∙ M

4 ∙ π
2
=
R
3

T
2

(3)

which is actually Kepler's Third Law, which we can rearrange to the following form for 
further calculations:

T
2
=
4 ∙ π

2

γ ∙M
R
3 (4)

Three methods of solving the problem 

1. Calculations using the data of each planet using the equation above. 
2. Using Excel or other spreadsheet software, applying computer skills.
3. In the graph method it is an important element to discover the Kepler’s Third Law

in the equation of the curve. 

School Trial

The above methods were tried out in a session on gravitational interactions in a high school
physics class. The only difference was that the teacher only used SI units so the students
didn’t have to convert. The text was to be read by the students at home and the questions were
answered individually,  which was then discussed together.  The students liked this  kind of
lesson and the appearance of such a new discovery on the classroom.

The research was supported by the Faculty Pedagogical Research Program of the Hungarian
Academy of Sciences.
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Table 1. Number of students surveyed through the years. 

Year 1987 1993 2007 2018 
Number of 

students 
652 578 395 524 

 
Structure of the questionnaire 
 
Some demographic questions were asked at the beginning of the questionnaire, such as 
gender, grade and residence, then this was followed by the 14 questions about nuclear energy. 
There were several answers to each question, one of which had to be selected. Most questions 
and answers were provided in the same way for all four surveys.  
 
Method of evaluation 
 
The evaluation was done by using an Excel spreadsheet. The given answers were inputted and 
then each selected option for each question was displayed with their percentage. The answers 
were also filtered by different criteria, like gender, residence, grade, or response to any given 
question. 
 
The major relations discovered 
 
The results (R) are based on the questions and hypotheses we have formulated before: 
 
R1. There is a significant difference between the knowledge level of boys and girls. Boys are 

more knowledgeable and more favorable to nuclear energy.  
 
R2. There is a clear link in that those who know more about the subject feel more favorable to 

nuclear energy, just as we previously thought. However, the students' knowledge about 
the subject did not significantly increase with age. There is a small increase in knowledge 
in lower grades, but it falls for some questions in grade 11. 

 
R3. There is no significant difference in the knowledge of students of the capital and students 

of rural areas.  
 
R4. In 2018 the students seem to know less than they did before. This is certainly the 

consequence of the fact that science education has been cut back in Hungary by the 
continuous reduction of the number of weekly lessons. 

 
Analyzing the data obtained, it can be stated that the assessment of nuclear energy is not very 
favorable, but fortunately there is no clear rejection either. Students consider it as an 
important energy option. The results of previous surveys are consistent with the results of our 
present survey as the opinions on nuclear did not change much over the years. 
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FERREIRA, Annalize 189, 191
FEU, Weber H. M. 509, 523
FIGUEIRA, Maykell 583
FINLAYSON, Odilla 463
FINTA, Zsanett 766
FIORE, Oriana 511
FLACH, Fanni 770
FONTANA, Cristiano L. 277
FOPPOLI, Alexander 89
FRÖHLICH, Georgina 367
FUCHS, Hans U. 207
FÜLÖP, Csilla 291
GABDULLINA, Assylgul T. 790

GALANO, Silvia 571
GALILI, Igal 49, 139, 407
GARAMHEGYI, Gábor 613
GARCIA CLEMENTE, Felix J. 329, 343
GARCIA-LLADÓ, Àngela 704
GARCIA-MILÀ, Mercè 704
GARRIDO SÁNCHEZ, Nicolás 756
GÄRTNER, Istvan 541
GERVASIO, Mario 411
GETTE, Cody 185
GIACOMASSI LUCIANO, Ana Paula 333
GILIBERTI, Marco 133, 385
GIRWIDZ, Raimund 58
GKIOKA, Olga 591
GKIOLMAS, Aristotelis 774
GÓCZ, Éva 361
GOEDHART, Martin 375
GOLDONI, Guido 409, 661
GONZÁLEZ Y HERNÁNDEZ, 
 Alejandro 275
GOUVÊA, Guaracira 710
GRANCHAROVA, Damyana 724
GRAULICH, Jean-Sébastien 143
GRECZYŁO, Tomasz  216
GRÓF, Andrea 537
GROMA, István 161
GUARINO, Alessio 503, 521
GUIJOSA, Santiago 788
GUISASOLA, Jenaro 176, 261, 461
GUNIŠ, Ján 223
HAAGEN-SCHÜTZENHÖFER, 
 Claudia 271, 341, 708, 742, 746, 799
HAJDUSIANEK, Anna 804
HAMZAH, Mozidah 778
HANČ, Jozef 331, 377
HANIOTIS, Stelio 706
HANSEN, Steen 289
HASZPRA, Tímea 539
HATZIKRANIOTIS, Euripides 77
HERNÁNDEZ, Guadalupe 788
HERON, Paula 97, 185
HILLHOUSE, Len 467
HOELWARTH, Chance 555, 589
HOLUBOVA, Renata 480, 693
HOPF, Martin 311, 484, 681
HORÁNYI, Gábor 427
HORVÁTH, Zsuzsa 405
HORVÁTH, Peter 425
HOUFKOVÁ, Jitka 482
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HÖMÖSTREI, Mihály 307
HULL, Michael M. 199, 595
ILOSVAY, Zsuzsanna 291
IMANBAYEVA, Akmaral 776
ISHAK, Mohd. Zaki 421, 778
ISHII, Kyoko 649
ISPAL, Azlinah 441, 778
IVANJEK, Lana 97, 100, 233, 311
IZSA, Éva 539
JALOVECZKI, József 373
JÁNOSI, Imre M. 545
JAROSIEVITZ, Beata 11, 815
JELICIC, Katarina 233, 311
JENEI, Péter 351
JEŠKOVÁ, Zuzana 223, 225
JIMÉNEZ-LISO, M. Rut 75
JONES, Gareth 131
JOUBRAN, Fadeel 91, 653
JÓZSA, János 13
JUHÁSZ, András 351
JURKOVÁ, Veronika 223, 225
KÁCOVSKÝ, Petr 482
KAPANADZE, Marika 73, 714
KAPP, Sebastian 173
KARAM Ricardo 285, 287, 289
KARIOTOGLOU,Petros 77
KARWASZ, Grzegorz P. 207, 780
KATZ, Nadav 139, 407
KAUR, Tejinder  89
KAUTZ, Jaap 451
KELLY, T. J. 171
KELLY, Mossy 176, 180
KERSTING, Magdalena 85, 417
KIREŠ, Marián 223, 225
KISS, Mária 539
KOBAYASH, Akizo 227, 732
KOBEL, Michael 121
KOENIG, Kathleen 435
KOKKONEN, Tommi 397
KOLAR, Petr 437
KOLÁŘ, Karel 726
KOMÁROMI, Annamária 379
KONTRO, Inkeri 259
KOPASZ, Katalin 657
KOUDELKOVA, Vera 738
KOUPILOVÁ, Zdeňka 482, 734
KOZSUHAROV, Zsuzsanna 291
KRANJC, Tomaž 152
KRANJC HORVAT, Anja 123

KRČMÁŘOVÁ, Anna 693, 800
KRIEK, Jeanne 247
KRUMPHALS, Ingrid 271, 742, 746
KRYJEVSKAIA, Mila 185
KUBÍNEK, Roman 800
KUCZMANN, Imre 255
KUHN, Jochen 173
KUNNATH, Bobby 247
LANG, Ágota 657
LANGLEY, Dorothy 489
LAVAGNINI, Martina 606
LAWRENCE, Ian 301, 697
LAZOS, Panagiotis 774
LEHAVI, Yaron 653
LEIGH, Gregor 305
LEITNER, L. B. 493
LEMMER, Miriam 189, 191
LEONG, Tze Kwang 329, 343
LETMON, Damienne 463
LEVRINI, Olivia 415
LIMA, Sorandra 716
LINDENAU, Philipp 121
LINDER, Cedric 210
LIPPIELLO, Stefania 277
LOGMAN, Paul 451, 748
LONGO, Antonella 515
LOPEZ, Ramon E. 229
LÓPEZ SIMÓ, Víctor 756
LÓPEZ-GAY, Rafael 75
LUCIANO, Arquimedes 333
LUDWIG, Nicola 133
LUKÁČ, Stanislav 223
LUKOWICZ, Paul 173
MACĘDO MONTEIRO, Maria Keliane 798
MACHADO, Natália Alves 267
MACHALICKÁ, Jana 482, 687
MADDALOZZO, Antonella 277
MAE, Naohiro 199
MAGNOR, Marcus 315
MAKAN, Gergely 657
MAKIYAMA, Takahiro 491
MALGIERI, Massimiliano 97, 102, 104, 245
MANOU, Leonidas 77
MÄNTYLÄ, Terhi  397
MARCHINI, Daniela 702
MARTÍ, Arturo C. 339
MARTÍNEZ BRIONES, Carlos Alberto 111
MARTÍNEZ-CHICO, María 75
MARTINS, Maria Ines 297
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MARTINS, Isabel 563
MARZOLI, Irene 571
MATEJAK CVENIC, Karolina 233, 311
MATTOS, Cristiano 579
MAURIZIO, Rita 79
MAZHITOVA, Lyailya 776
MAZUR, Eric 250
MCCARTY, Logan 250
MCLOUGHLIN, Eilish  129, 281, 463
MÉNDEZ-González, Tiffani 806
MENESES VILLAGRÁ, Jesús Ángel 531
MERINO, María 620
MERZEL, Avraham 139, 407, 653
MESZÉNA, Tamás 387
MICHELINI, Marisa 14, 41, 79, 97, 98, 137,  

 147, 335, 381, 411, 606, 754, 811, 813
MILLER, Kelly 250
MILNER, Valery 162
MILNER-BOLOTIN, Marina 162
MILTNER, Tímea 367
MISHINA, Oxana 154
MŁYNARCZYK, Marcin 299
MOLNÁR, Beáta 235
MONETTI, Giulia 469
MONTALBANO, Vera 391, 702
MONTI, Francesca 214, 389, 457, 750
MOORE, Christopher 467, 671
MORA LEY, César Eduardo 109, 728
MORETTO, Sandra 277
MOTLHABANE, Abraham 712
MROZOWSKA, Marta 369
MUALEM, Roni 753
MUCIÑO, Damián 788
MÜLLER, Andreas 143, 471
MÜLLER, Rainer 154
NADDEO, Adele 511, 752
NAGY, Anett 193
NAGY, Péter 320, 373, 808
NAMLI, Mürüvvet 257
NARDI, Roberto 583, 601, 603, 716
NGUYEN, Van Bien 317
NITTA, Hideo 239
NOWAK, Justyna 521
O’NEILL, Deirdre 281
OGAN BEKIROGLU, Feral 549
OKIHARU, Fumiko 227, 649, 732
OKTARISA, Yuvita 287
OLÁH, Mária Éva 279
OLAZABAL, Leire 261

OLIVEIRA PEREIRA, Alessandra 
 Leyanne 798
ONISHI, Haruka 649
ONORATO, Pasquale 97, 102, 104, 
 245, 325
ORGANTINI, Giovanni 385
OROSZLÁNY, László 689
OROZCO GÓMEZ, Martha Lucía 620
ORTIZ-REVILLA, Jairo 620
OSHIRO, Shohei 201
OSS, Stefano 104, 345
OUATTARA, Lassana 210, 295, 527
ÖZMEN, Kübra 187
PACINI, Giovanna 503
PALLOTTA, Filippo 720
PALMGREN, Elina 397
PALMOVIC, Marijan 269
PAŇKOVÁ, Eva 331, 377
PANTANO, Ornella 439, 561
PAPP, Katalin 770
PARMA, Fabiano Willian 601
PAROLA, Alberto 720
PASSANTE, Gina 431
PATKÓS, András 46
PAVLIN, Jerneja  117, 421, 695
PEETERS, Wim 637
PENDRILL, Ann-Marie 210, 295
PEREIRA, João A. M. 782
PERLINI, Luca 389
PEROTTI, Giulia 369
PEŞMAN, Haki 257, 265, 453, 764
PETERSON, Steve  305
PETKOVIĆ, Marinko 309
PETŐ, Mária 495
PINTÓ CASULLERAS, Roser 675, 756
PINTO JUNIOR, João Raimundo 297
PITANGA, Clara 585
PLANINIC, Maja 100, 233, 269, 311
PLANINŠIČ, Gorazd 127, 685
PLOTZ, Thomas 744, 746
POLESELLO, Marta 104
POLLOCK, Steven 431
POSPIECH, Gesche 141, 156, 606
PUSSADEE, Nirut 730
RADNAI, Tamás 351, 593
RADNÓTI, Katalin 817, 819
RAMIREZ-VAZQUEZ, Raquel 543
RAMOS, María Victoria 684
RANDERSON, Graham 180
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RAPOSO DA COSTA, Célio 
 Phillypi  798
RAVAIOLI, Giovanni 415
RAYKOVA, Zhelyazka 724
RODRIGUES, Marcelo 353
RODRÍGUEZ-GÓMEZ, Martín 113
ROMAGNOLI, Marcello 207
ROSENBERGER, Michael 802
ROSI, Tommaso 345
ROSKOT, Michal 445
ROVŠEK, Barbara 505
RUIZ LEDEZMA, Elvia Rosa 728
RYSTON, Matěj 93, 482
SAAVEDRA, Brenda Ixcuiname 768
SADAGHIANI, Homeyra 431
SAGASTIBELTZA, Mikel 461
SAKKOPOULOS, Sotirios 719
SALMOIRAGHI, Alessandro 104
SÁNCHEZ-SÁNCHEZ, Rubén  113
SÁNDOR, Bulcsú 419
SANDS, David 252
SANTI, Lorenzo Gianni 97, 98, 137, 
 150, 411
SANTOS SILVA, William Cesar 798
SAPIA, Peppino 389, 499
SARRIUGARTE, Paulo 261, 461
SASSERON, Lúcia 706
SATANASSI, Sara 415
SCHAEFER, Susan 581
SCHILTZ, Guillaume 667
SCHMELING, Sascha 123, 474
SCHRAMEK, Anikó 279
SCHUBATZKY, Thomas 341, 802
SCORZONI, Cinzia 409, 661
SCOTTI DI UCCIO, Umberto 571
SEEBACHER, Robert 708
SEGARRA ALBERÚ, 
 María del Pilar 275, 762, 768
SGUILLA, Silvia 706
SHAFFER, Peter 100
SHARMA, Manjula Devi 62
SHARMA, Sapna 679, 680
SILVA, Glauco 563, 579, 585
SILVA CHAVES, Gerliane da 798
SKORDOULIS, Constantine 774
SKUDRA, Atis 790
ŠNAJDER, Ľubomír 223
SNĚTINOVÁ, Marie 482
SOARES, Daniel H. C. M. 509

SOKOLOFF, David R. 55, 633
SOKOŁOWSKA, Dagmara 217, 523, 
 551, 565
SONNTAG, Dörte 315
SOTO, Macarena 675
SOUSA HENRIQUE, Daril de Deus 798
SOUZA ARAUJO, Alinne de 798
SPADA, Roberta 415
SPYRTOU, Anna 77
SRNKA, Christian 311
STADERMANN, Kirsten 375
STARI, Cecilia 706
STEEGEN, An 212
STEFANEL, Alberto 119, 150
STEFFEN, Wolfgang 357
STETZER, MacKenzie  185
STOJANOVIĆ, Maja 309
STOLZENBERGER, Christoph 683
STONAWSKI, Tamás 197
STOUMPA, Artemisia 774
STRADNER, Lisa 271
SUAREZ RODRIGUEZ, 
 Carmen del Pilar 543
SUSAC, Ana 233, 269, 311
SÜKÖSD, Csaba 11
SVENSSON, Kim 295
SYZDYKOVA, Rabiga 776
SZAKMÁNY, Csaba 786
SZEIDEMANN, Ákos 537
TADEO, Danilo Jr 243
TAKAHASHI, Naoshi 649
TAKAI, Hélio 333
TAKÁTSNÉ LUCZ, Ildiko 327
TAN, Darren 343
TANEMURA, Masako 649
TANIGUCHI, Masa-aki 199
TARMAN, Gregor 501
TASNÁDI, Péter 320, 593, 808
TASNÁDI, Anikó 164
TAYLOR, Dale 305
TÉL, Tamás 373, 537, 545
TESTA, Italo 571
THEES, Michael 171, 173
THOMS, Lars-Jochen 60, 313
TISZTTARTÓ MÁRKNÉ, Anna 373
TOMA, Radu Bogdan 531, 620
TÓTHNÉ JUHÁSZ, Tünde 351
TRAN, Trinh-Ba 317
TRAN, Xuan Thien Thanh 317
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TRAUER, János 657
TREFZGER, Thomas 581, 683
TUIMBEKOVA, Akerke T. 790
TUREKHANOVA, Kunduz M. 780
UEMATSU, Haruko 201, 595
VAN DEN BERG, Ed 645, 748, 792, 794
VAN DOOREN, Wim 212
VAN KAMPEN, Paul 176
VAN ROSSUM, Aernout 792, 794
VAN WINCKEL, Hans 212
VARNAI, Lazlo 91
VEDEL, Simon 289
VIDIC, Emanuela 79
VILLARREAL, Carlos Alberto 762
VILLAVICENCIO-Torres, Mirna 806
VINCZE, Miklós 545
VITKOCZI, Fanni 355, 641, 786
VITORATOS, Evangelos 719
VITORATOU, Evangelia 719
VIVAS, Maritza 784
VOKOS, Stamatis 97, 555
VORMAYR, Katharina 595
VÖRÖS, Alpár István Vita 618
WALTERSON, Mitch 467
WALTON, Chris 180
WANNOUS, Jarier 425, 700
WASSERMAN, Walter 162

WATTANAKASIWICH, Pornrat 237, 730
WECK, Hannah 166
WEE, Loo Kang 329, 343
WEHN, Norbert 173
WEISSMAN, Efraim Yehuda 139, 407
WHEATON, Spencer 305
WIENER, Csilla 593
WIENER, Jeff 123, 608
WILHELM, Thomas 474
WILLOUGHBY, Shannon 229
WOITHE, Julia 474, 673
WOLF, Nicole 683
WOOD, Krista E. 435
YASUDA, Jun-ichiro 199
YENGAY, Biktor 790
YERDELEN-DAMAR, Sevda 569
YOO, Junehee  243
ZADNIK, Marjan  89
ŽÁK, Vojtěch 437, 482
ZAPPATORE, Marco 515
ZHUKESHOV, Anuar M. 790
ZIHERL, Saša 221, 501
ZLOKLIKOVITS, Sarah 681
ZOLLMAN, Dean 51
ZUCCARINI, Giacomo 137, 399, 811
ZULIANI, João B. Q.  513
ZÚZA, Kristina 176, 261, 461
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