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FOREWORD

Dear physics teachers, educators, and researchers,
Welcome to the very first World Conference of Physics
Education.

On behalf of the Local Organization Committee I am
very glad to introduce you the book of abstracts which is
full of your research efforts that took many years to
finalize. We are confident that this jump start will boost
further enthusiasm to organize world conference in
every four years from now on.

At this conference we have participants from all
continents and from countries very far from Istanbul.
We have 230 delegates, 68 doctoral students, 31
teachers participating in this conference from 49
countries. These are

Argentina, Armenia, Australia, Austria, Belgium, Bosnia
and Herzegovina, Brazil, Canada, Colombia, Croatia,
Czech Republic, Denmark, Finland, France, Germany,
Greece, India, Indonesia, Iran, Ireland, Israel, Italy,
Japan, Latvia, Malaysia, Malta, Mauritius, Mexico,
Netherlands, New Zealand, Norway, Philippines, Poland,
Portugal, Russia, Saudi Arabia, Singapore, Slovakia,
Slovenia, South Africa, South Korea, Spain, Sweden,
Switzerland, Taiwan, Turkey, UK, US, and Uruguay.
During the 6 days of the conference we will have 249
oral presentations, 27 workshops, 12 symposia, and
around 100 poster presentations together with 5
keynote speeches.

On behalf of all participants I wish to thank the
sponsors: IUPAP, ICPE, EPS, TUBITAK, GIREP, MPTL,
Rentech, Vernier, APS, IOP, and Amasya Universitesi for
their support. We are also grateful to AAPT, AsPEN, and
LaPEN for their endorsements of the conference.

I wish much success and enjoyable sessions for the
participants...

M. Fatih Tasar
The Main Organizer of WCPE 2012
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LIST OF CONFERENCE TOPICS (STRANDS)

WCPE Main Topics:

LoONOUNA WM

ICT and Multi-Media in Physics Education
Teaching Physics Concepts

Learning Physics Concepts

Laboratory Activities in Physics Education
Primary School Physics

Secondary School Physics

University Physics

Initial Physics Teacher Education

Teacher Professional Development
Physics Curriculum

Motivational Strategies and Metacognition
History of Physics

Philosophy of Science

Socio-cultural Issues

Physics Teaching and Learning in Informal Settings
International Perspectives

Various Topics Physics Education
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PS01

Pl enary Session 01

Date & Time: 01.07.2012 / 16:00 - 17:00
Room B CONF (Auditoriuml)

Context and Culture
Edward F. (Joe) Redish
University of Maryland, US

Edward F. (Joe) Redish is a Professor of Physics at the University of Maryland in College Park. He received his
Ph.D. in theoretical nuclear physics from M.I.T. and has been in the Physics Department at the University of
Maryland for over 40 years. He has made contributions to many areas of physics education research and has
developed a variety of teaching materials including a guide to physics instruction, Teaching Physics with the
Physics Suite. He is currently working on a prototype physics course for biology majors and premedical
students as part of the NEXUS project. He has received numerous awards for his work in education including
the Millikan Medal from the American Association of Physics Teachers, the NSF Director's award as a
Distinguished Teaching Scholar.

13



PS02

Pl enary Session 02

Date & Time: 02.07.2012 / 09:00 - 10:00
Room B CONF (Auditoriuml)

How Technology Will Disrupt Physics Education
Robert F. Tinker
The Concord Consortium, Inc. US

Bob Tinker has, for thirty years, pioneered innovative approaches to education that exploit the power of
technology. He invented the idea of using probes, including the ultrasonic motion detector, for use in
education. He was the first to use networking to permit students to collaborate worldwide on science
investigations. Seventeen years ago he started the nonprofit Concord Consortium to concentrate on
innovative applications of technology in education. The Consortium specializes in online learning, the use of
sophisticated simulations in science, probeware and handhelds, and applications of these technologies to
pressing educational issues at all educational levels. He led the team that originated the Virtual High School
and created the teacher professional development model that it uses. He has led the development of
computational models that are widely used in education, including the award-winning Molecular Workbench.
A common thread of technology, innovation, social need, and potential impact runs through all his work. Bob
earned his PhD in experimental low temperature physics from MIT and has taught college physics for ten
years.

Keywords: technology, education
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PS03

Pl enary Session 03

Date & Time: 03.07.2012 / 09:00 - 10:00
Room B CONF (Auditoriuml)

Curriculum Development in Physics: Not Quite so Fast

Jon Ogborn
University of London, UK

Jon Ogborn is Emeritus Professor of Science Education at the Institute of Education, University of London. In
the late 1960's he was, with Paul Black, responsible for leading the team developing the new pre-university
curriculum "Nuffield Advanced Physics". Then, at the end of his career, he led a new team that developed the
course "Advancing Physics", for the UK Institute of Physics. In between, he followed many research interests,
including computational modelling, the origins of students' naive ideas in physics, and explanation in the
science classroom, besides contributing to ideas about the basis of curriculum choices.

Keywords: Curriculum Development
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PS04

Pl enary Session 04

Date & Time: 04.07.2012 / 09:00 - 10:00
Room B CONF (Auditoriuml)

Cross Cultural Investigation of Student Understanding

Pornrat Wattanakasiwich
Chiang Mai University, Thailand

Pornrat Wattanakasiwich primary area of expertise is in investigating students’ understanding of
thermodynamics, quantum mechanics and electricity and magnetism across Thailand, Australia and Laos.
She had extensive experience in active learning, particularly using Interactive Lecture Demonstration (ILD) in
large classes. Based at the Department of Physics and Materials Science, Chiang Mai University, Thailand and
affiliated with Thailand Center of Excellence in Physics (ThEP), she has supervised master and PhD research
students and received several grants to conduct physics education research in both Thailand and Laos. She
received a 2011 Endeavour Research Fellowship Award from Australian government to conduct a physics
education research at the University of Sydney. She also has been involved in organizing physics teacher
workshops in Thailand and Laos. Pornrat got her PhD in physics education research from Oregon State
University and has teaching experiences both in US and in Thailand for the past 10 years.

16



PS05

Pl enary Session 05

Date & Time: 05.07.2012 / 09:00 - 10:00
Room B CONF (Auditoriuml)

A Lifetime Search for PCK and Physics Representations across Contexts

and Cultures
Ed Van Den Berg
Vrije Universiteit, Amsterdam, The Netherlands

Ed van den Berg (1951) currently holds appointments in secondary physics teacher education at the Vrije
Universiteit (Amsterdam) and in primary teacher education at the Hogeschool van Amsterdam. In the past Ed
studied Physics in the Netherlands and Science Education in the USA; taught high school physics; worked for
Unesco in Kenya; and assisted in the development and teaching of Physics Teacher Education programs in
Indonesia (1981-1991) and the Philippines (1996-2002). Ed also worked as physics teacher educator and
developer at several Dutch universities. He published on physics teacher education, use of the laboratory in
physics, fast feedback formative assessment, and served on the editorial boards of the JRST, ISJE, and the ]
of Sc T Ed.

Keywords: PCK, professional development
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PS.1.a

Pl enary Synposium - |

Date & Time: 02.07.2012 / 10:30 - 12:00
Room B CONF (Auditoriuml)

The effect of connected computational technology on learning physics:
demonstrated learning gains, reasoned expectations and thoughtful
projections

Francisco Esquembre!, Wolfgang Christian?

!Universidad De Murcia
’Davidson College

Francisco Esquembre is Associate Professor of Mathematical Analysis at the University of Murcia, Spain, and Dean
of its Faculty of Mathematics. He teaches mathematical analysis and numerical algorithms of continuous and hybrid
systems and is the creator of Easy Java Simulations. He served as General Director for Universities and Research at
the Murcia Regional Ministry of Education and later as Director of the Office for Transfer Research of his university.
Wolfgang Christian is the Brown Professor of Physics and Chair of the Physics Department at Davidson College, a
Fellow of the American Physical Society (APS), and president- elect of the North Carolina Section of the American
Association of Physics Teachers. He is the creator of Physlets and the author or co-author of nine books. Christian
and Esquembre have worked together for over a dozen years creating interactive Java-based educational materials
for the ComPADRE National Science Digital Library. In recognition of this work, they were awarded a SPORE Prize
(Science Prize for Online Resources in Education) in the November 2011 issue of Science.

Motivating Computational Physics Education using Angry Birds, Rockets
and Colliding Galaxies

Wolfgang Christian®, Francisco Esquembre?
!Department of Physics, Davidson College, Davidson, United States
2Department of Mathematics, Universidad de Murcia, Murcia, Spain

Computational modeling has broad appeal since it is an effective way to develop problem solving skills and students
perceive that they are not well educated without a good understanding of a computer's power and its limitations.
However, a computer-based modeling approach to teaching must be flexible because students have different skills
and varying levels of preparation. Learning syntax and numerical methods is not the primary goal of teaching
computer-based modeling. Learning how to communicate an idea by using and eventually designing and building a
computer model is. Some students write well, other students have good graphical design skills, and other students
have mathematical ability, and a skilled instructor should use all these talents when designing curriculum. This
paper describes no-cost open-source tools aligned with a modeling cycle pedagogy that does this [1]. These tools,
curricular material, and ready-to-run examples are available at from the Open Source Physics Collection of the
National Science Foundation funded ComPADRE National Science Digital Library at:
<http://www.compadre.org/osp/>.

[1] Christian, W., Esquembre, F., Barbado, L. (2011). “"Open Source Physics,” Science, 25, Vol. 334 no. 6059 pp.
1077-1078.

Symposium on Multimedia Teaching and Leaning of Physics

Francisco Esquembre?, Wolfgang Christian?, Anne Cox>, Sebastian Dormido*, Ewa Kedzierska®, Fu Kwun Hwang®
'University of Murcia, Murcia, Spain

’Davidson College, Davidson, North Carolina, USA

3Eckerd College, St Petersburg, Florida, USA

“Spanish National Distance University, Madrid, Spain

5CMA, Amsterdam, The Netherlands

5National Taiwan Normal University, Taipei, Taiwan

We present four talks related to the different uses of multimedia in the teaching and leaning of physics. The
symposium is presented by members of the MPTL group and covers four areas of interest: modeling and simulation,
remote laboratories, video, and dissemination.

We will provide a review of the state of the art of each of the areas discussed, together with our vision of how the
topic contributes to better teaching and learning of physics.

Keywords: multimedia, modeling, remote laboratories, video, dissemination
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PS.11.a

Pl enary Synposium - 11

Date & Time: 03.07.2012 / 10:30 - 12:00
Room B CONF (Auditoriuml)

Plenary Symposium Il: Developing curricula whilst respecting research
insights

Maarten Pieters

The Netherlands Institute for Curriculum Development SLO

A comparison of cases in 21st century oriented secondary education physics curriculum development across
various countries

Contributors

e Uygar Kanli, Gazi University, Ankara, TURKEY

¢ Maarten Pieters, Netherlands Institute for Curriculum Development SLO, Enschede, NETHERLANDS
(symposium organizer)

e Mauricio Pietrocola, University of Sdo Paulo, Sdo Paulo, BRAZIL

¢ Jacqueline D. Spears, Center for Science Education, Kansas State University, Manhattan KS, USA

e Junehee Yoo, Seoul National University, Seoul, KOREA

Design

Physics curriculum developers from various parts of the world go into

e characteristics of their country's secondary education physics curriculum, its relation with economic and
political motives, as well as with educational research outcomes

e motivations for renewing secondary physics education for their country

e where traceable and relevant: ways in which the organization and responsibilities of curriculum
development in the countries influence the modernization of curriculum content.

The contributors each give a short presentation of main topics from their own country's situation. In
discussion with the plenum we try to identify effective ways for characterizing physics curricula and link the
characteristics to the variety of context elements from the societies.

From trends analysis to recommendations

Trends from society

In many countries, modernization of science curricula is promoted by governments, companies and science
associations, as a support for our countries becoming stronger economies, better equipped for the globalized
21st century. Modernized curricula are to improve the quality of education, but should also attract more
young people to science and technology careers. In some countries, also parents take part in the discussion;
in other countries, parents are completely absent in the development process.

At the same time, curriculum innovations try to incorporate suggestions produced by research, in particular
the one to connect concept learning to well-chosen topical contexts from daily life, the professional world,
scientific research and technological development.

An interesting question is to what extent economic, cultural and political motives noticeably influence the
development of secondary education science curricula, or more in particular physics curricula.

Trends from research

A perpetual question for educational researchers is: to what extent do research outcomes influence curricula
and the process of curriculum development? Can trends in research or traces from its outcomes be found in
new curricula? Which factors stimulate or inhibit their use?

Science education researchers sometimes meet with scepticism in society, including the science community
itself. But educational research outcomes may also coincide with trends from society, in particular where
society asks for evidence based improvement of curriculum design.

Suggestions and recommendations

Curriculum developers typically are squeezed, between

¢ expectations from society

» design criteria, as interpretations from research outcomes

e constraints in time and finances (pilots are expensive)

¢ professional and bureaucratic stakeholders to be involved

e teachers' expectations and sensitivities.

Given the trends above, and our analysis in terms of characteristics, what would our recommendations to
curriculum developers for the next decades be?

Keywords: Physics curricula, international perspectives
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WG 1.01
Date & Tine: 02.07.2012 / 16:30 - 18:00
Room D404 (3rd Fl oor)

WG 1.02
Date & Tine: 03.07.2012 / 16:00 - 17:30
Room B CONF (Auditoriuml)

WG 1.03
Date & Tine: 05.07.2012 / 16:00 - 17:30
Room D404 (3rd Fl oor)

Workgroup I: Pedagogical Value of Using Computers to Learn Physics
Ronald K. Thornton
Tufts University Center for Science and Mathematics Teaching, USA

Coordinator: Ronald Thornton is the director of the Tufts Center for Science and Mathematics Teaching and a
professor in both Physics and Education.
Tufts University, Medford, MA 02155. ronald.thornton@tufts.edu

Information and Format:
Four core topics in Physics Education have been selected; for each of them a Working Group is offered.

The forth topic is “The effect of connected computational technology on learning physics: demonstrated
learning gains, reasoned expectations and thoughtful projections. [Computers are disruptive toys and
powerful tools, but disruptions can be positive ways for change. What evidence is there that computers have
had lasting pedagogical value in the context of learning physics?]

Each Working Group (WG) is articulated in three sessions, each lasting 1.5 hours, to be held on different
days. The participants to WCPE have the option to take part in a WG. All participants in a WG have the
opportunity to give, in advance, a contribution on paper and also a five-minute oral presentation during the
sessions.

For this WG, please send your proposal to the coordinator; a one page abstract is sufficient. A selection will
be done, if needed.

The coordinator will chair the three WG sessions. A rapporteur will be chosen amongst the participants; s/he
will prepare, together with the coordinator, a report on the WG activities and a short presentation about its
conclusions, to be given during the last day of WCPE.

Objectives of the WG “Pedagogical Value of Using Computers to Learn Physics”

- explore the different uses of computers in physics instruction

- discuss and present the evidence for student learning from perspectives of Physics Education Research
(PER)

- discuss appropriate methods of evaluating student learning in computer supported learning environments.
- to discuss possible future activities in the framework of international cooperation

All activities of the WG will aim at creating a cooperative and collaborative spirit and environment; the
participants are kindly invited to share this objective and contribute to its realization.

20



WG 11.01
Date & Tine: 02.07.2012 / 16:30 - 18:00
Room D405 (3rd Fl oor)

WG 11.02
Date & Tine: 03.07.2012 / 16:00 - 17:30
Room FAZIL SAY (Auditoriumll)

WG 11.03
Date & Tine: 05.07.2012 / 16:00 - 17:30
Room D405 (3rd Fl oor)

Workgroup II: Developing the teachers: physics PCK development across

a career
Elena Sassi
Department of Physical Sciences, University Of Naples "federico Ii", Napoli, Italy

Information about the workgroup and the format:

Two core topics in Physics Education have been selected; for each of them a Working Group is offered.

The second topic is "Professional Development of Teachers: Physics PCK across a career" (What's the state of
the art in developing PCK and how well grounded is that art ?)

Each Workgroup (WG) is articulated in three sessions, each lasting 1.5 hours, to be held in different days.
The participants to WCPE have the option to take part in a WG. All participants to a WG have the opportunity
to give, in advance, a contribution on paper and a five minutes presentation during the sessions.

For this WG, please send your proposal to the coordinator; a one page abstract is sufficient. A selection will
be doneg, if needed.

The coordinator will chair the three WG sessions. A rapporteur will be chosen amongst the participants; s/he
will prepare, together with the coordinator, a report on the WG activities and a short presentation about its
conclusions, to be given during the last day of WCPE.

Objectives of the WG “Pedagogical Content Knowledge (PCK) and Teacher Education”:

- to reflect on the role and relevance of PCK in Physics Teacher Education (pre-service and in-service)

- to address the status of the art in the developments of PCK, also in relation with studies and proposals in
Physics Education Research (PER)

- to discuss possible future activities in the framework of international cooperation

- to propose guide-lines for the above identified activities

All activities of the WG will aim at creating a cooperative and collaborative spirit and environment; the
participants are kindly invited to share this objective and contribute to its realization.

Elana Sassi is a full professor of physics education at University of Naples "Federico II", retired November
2009. Coordinator of the research group “Physics Education” at Physics Department.

Very many University courses: General Physics, Lab-work; Physics Education, ...

Former experimentalist in Particle Physics at CERN and LNF Frascati.

Coordinator of research lines in several Italian projects, mainly focused on Active Learning and Real-Time
lab-work, Teacher Education. In (1998- 2011) participation to seven EU Projects.

International Teacher Education Projects:

GULUNAP-SCIENCE, scientific-educational project (Universities of Naples and Gulu, Uganda);

PHYSWARE (http://cdsagenda5.ictp.trieste.it/full_display.php?ida=a07137) ICTP Trieste 2009

MUSE More Understanding with Simple Experiments (European Physics Society- Physics Education Division).
(http://education.epsdivisions.org/documents/more-understanding-with-simple-experiments-muse )
Member of EPS-PED (http://education.epsdivisions.org/board/members/); ICPE, Commission on Physics
Education, IUPAP up to 2011).

Author or co-author of about one hundred publications; educational software; contribution to books.

Keywords: Professional Development of Teachers, Physics PCK across a career, Teacher Education
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PS.01.01. W

Strand 17: Various Topics in Physics Education
Paral | el Session 01.01 Wirkshop

Date & Time: 01.07.2012 / 14:00 - 15:30

Room D406 (3rd Fl oor)

How can it be? Teaching/learning physics by interactive demonstrations
Inese Dudareva?, Paulis Paulins!, Ausma Bruneniece?, Andrejs Salszirnis®

!Department of Physics, University of Latvia, Riga, Latvia

2pumpuri Secondary School, Jurmala, Latvia

31 st Gymnasium of Jelgava, Jelgava, Latvia

How can you see invisible physical processes? How to create motion graphics? How can you find a black cat
in a dark room? Is it really possible that the ball after rebound against the ground can jump higher than the
height from which the ball is dropped?

One acquires best of all the knowledge, in which he believes undoubtedly. The best motivation of cognition is
the natural human curiosity, which is the only direct, immediate motivation. Both the believing and
motivation by curiosity are combined in the experiment, which arises /creates surprise and in which the
student can be engaged himself and can take part actively. It can be a lab. As well it can be the
demonstration of the experiment that stimulates the student:

* to search on his own the explanation of what he has seen;

* to join in the discussion;

* to test other versions of the experiment;

* thus to come to the understanding of the demonstrated phenomenon.

The undoubted belief is achieved, because the student sees the process with his own eyes, can hear it and
touch it with his own fingers. He can also demonstrate it to the other students. Such experiments must be
demonstrated at the beginning of each new topic, not only as an illustration in the end of the theoretical part.
Students improve their understanding of physics, when they observe the demonstration of process and try to
explain the observed using physics concepts, theories and patterns by themselves.

The participants of the workshop will be engaged in the demonstrations of the experiments just in the way
described above, that will allow them to carry out such demonstrations by themselves at their classes. The
numerous demonstrations will be presented using school demonstration equipment in physics with and
without ICT and participants will be guided to tray these experiments in practice in the workshop. Examples
of worksheets for students as well as detailed descriptions of tasks will be distributed.

Keywords: interactive demonstrations, active learning
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PS. 01.02. W

Strand 4: Laboratory Activities in Physics Education
Paral | el Session 01.02 Wirkshop

Date & Time: 01.07.2012 / 14:00 - 15:30

Room D505 (4th Fl oor)

Low cost laboratory activities
Alexander F Burr
Physics Department, New Mexico State University, Las Cruces, NM, USA

Everybody agrees that physics in a laboratory subject. However the cost of modern laboratory equipment
and the class time involved is high. That means that some high schools and small colleges with budget
problems wish the laboratory would just go away. This attitude is devastating, particularly for the general
education student. Everybody needs to know that you can ask nature questions, and that nature will answer.
This workshop is designed for general physics teachers. The participants will do experiments which are
extremely simple. These experiments can also be analyzed in very sophisticated ways. The equipment
required will be minimal. It will show the participants that laboratories can be both inexpensive and
pedagogically useful.

Much has been written about more detailed goals for a physics laboratory. One short, readily available,
description of a reasonable set of goals is available on the Inter-net at the URL
http://www.appt.org/Resourses/policy/goalsof labs.cfm.

Fancy expensive equipment is not needed. Indeed sometimes it can get in the way of really learning the
physics and the experimental techniques. During this hour we will learn to use very simple equipment to
learn about some of the answers which nature gives.

1. Simple Pendulum

The workshop, with everyone participating, will explore the basic properties of a pendulum. They will
determine the relationship between the period and the mass, the length, the acceleration of gravity, and the
amplitude. All will be done using just a ruler, golf ball, screw, washers, string, and a stop watch. One goal of
this experiment is to show that, even with the simple equipment used here, one can learn a lot about the
effect of amplitude on the period. Many aspects of data analysis, some quite sophisticated, will be illustrated.
2. Spring constant

This experiment just uses a small spring, rubber band, paper clip, ruler, paper cup, washers, and a
stopwatch to illustrate a number of ideas related to springs. Among the ideas discussed will be Hook's Law
and its limitations. Again the data analysis, some of it quite sophisticated, will be illustrated.

3. Probability

If time permits, an unusual aspect of conditional probability will be illustrated with the Monte Hall problem.
This problem, involving the selection of an object from three possibilities, has an interesting history. The
answer will be experimentally found. In this case only a coin, one die, and paper are needed.

At the close of the hour, a number of experiments, again using just simple equipment, will be briefly
described. Many of these experiments can be done at home or outside the class room. Details of these
additional experiments will be available on the internet at the URL http://labs.qzx2.com.

Enough equipment will be provided so that all attending can fully participate in doing these experiments.

Keywords: laboratory, low cost, general physics, data, simple equipment, statistics, probability, spring,
pendulum
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Inquiry Based Science Education for Physics teaching and learning — the
ESTABLISH Approach

Ton Ellermeijer, Marian Kires, Ewa Kedzierska, Martin Lindner, Zuzana Jeskova, Claudio Fazio, Leos Dvorak,
Eilish Mcloughlin
Foundation CMA, Amsterdam, The Netherlands

Inquiry-based teaching is an organized and intentional effort on behalf of a teacher to engage students in
inquiry-based learning. The goal of inquiry teaching is not solely to transfer scientific knowledge, facts,
definitions, and concepts, but rather to enhance students’ ability to reason and to become independent
learners who are capable of identifying main questions and find relevant answers by a gradually acquisition
and expansion of a body of scientific knowledge and abilities. It is a student-centered approach to science
learning and a range of types of inquiry activities exist, which correspond to the degree of teacher’s guidance
and student independence involved.

This workshop will discuss the approach adopted by consortium members of the FP7 ESTABLISH project from
across 11 European countries, to address the challenge of implementing IBSE on a wide scale across Europe.
Initially an agreed understanding of IBSE was reached by the consortium members through the adoption of a
single definition of inquiry. Inquiry as “the intentional process of diagnosing problems, critiquing
experiments, and distinguishing alternatives, planning investigations, researching conjectures, searching for
information, constructing models, debating with peers, and forming coherent arguments”.

This interpretation of IBSE is incorporated into an agreed framework, details of which will be presented, for
the development of ESTABLISH IBSE teaching and learning units. These

IBSE units are used in teacher education to support teachers in implementing IBSE in their own classrooms.
In addition to addressing core concepts in science, each unit includes industrial content knowledge to
incorporate authentic learning experiences, and in case appropriate ICT-enabled activities (measurements
with sensors, from videos and modeling activities). Results for the use of these units in physics teacher
education both at pre-service and in-service will be presented. The experiences from the implementation of
Physics IBSE Units in the class will also be presented. During the workshop participants can study the Units
on-line and also study teacher training materials, for instance for teacher workshops for the use of ICT.
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Modeling What You See with Tracker

Anne J Cox
Department of Physics, Eckerd College, St Petersburg, Florida, United States

Videos of Angry Birds, roller coasters and shark breaches are all opportunities to teach physics. In video
analysis, students see physics in action as they collect kinematic data from these videos, creating graphs of
velocity, acceleration, energy and momentum. Video modeling takes this one step further by combining
videos with computational modeling. Here students apply a dynamic model to the video in an attempt to fit
the motion observed. In this workshop, participants will use Tracker, a free, open-source video analysis and
modeling tool, to analyze videos for use in the physics classroom. Tracker and ready-to-run curricular
materials are available from the Open Source Physics Collection of the National Science Foundation funded
ComPADRE National Science Digital Library at: <http://www.compadre.org/osp/>.

Keywords: video analysis, computational models, curriculum development, open source tools
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The Cosmological principle as a tool for teaching modern Physics

concepts in Primary Education

Aristeidis Kosionidis!, Maria Tzani?

!Laboratory "Biophysical Environment: Neurosciences and Learning", Faculty of Primary Education, National
And Capodistrian University of Athens, Greece

2Faculty Of Primary Education, National And Capodistrian University Of Athens, Greece

Astrophysics is one of the fields where 20th century Physics is fundamentally different from the Physics that
preceded it. Currently elements of modern Astrophysics are mainly taught at the Secondary Education level,
and usually in the latter years of that level. It is widely accepted that children form their own concepts about
the Universe, by combining their personal experience of the world with their cultural and social context. The
persistent nature of these self-developed ideas is also recorded. However research at teaching Astrophysics
at the Primary Education level with the aim to influence or correct these self-developed concepts early, is not
frequent.

Cosmology, an important field in modern Astrophysics, has the following advantages as a teaching subject:
a) It is an active research field, and its results frequently reach the public through the press, outreach
activities or even their integration in popular culture.

b) Its theoretical nature complements well the experimental investigations that are now a significant part of
the physics lesson.

c) It can serve as a basis of interdisciplinary cooperation within the school and intercultural communication
between pupils in different countries and cultures.

d) It deals with the origin and development of the Universe, and can be used to engage with deap-seated
cultural backgrounds.

We propose using the Cosmological Principle (CP) as a teaching tool to develop teaching Cosmology at the
Primary School level. It states:

“Cosmological Principle: On large scales the Universe is homogenous and isotropic.”

The CP can be used to introduce into the Physics lesson:

a) Basic knowledge about the Universe as a physical object.

b) The concept of scale.

¢) An investigation of three-dimensional space, which can be combined with the current trends of introducing
three-dimensional geometry early on in the Mathematics lesson.

d) The concepts of homogeneity and isotropy, which are also linked to the concept of transformation.

e) Discussion of the relation between scientific language and everyday language, and the differences
between the two.

We propose teaching the CP by dividing it in four modules, formed by the main components of the
formulation of the CP. Each of these modules is autonomous, thereby adding flexibility in implementing the
proposal, and will consist of age-appropriate activities. This structure also allows expansion and addition,
either in later classes or according to available resources and student interest.

Module “*Cosmological Principle”: This module can be broken down into two components, one examining
Cosmology and another examining what a Principle is. In the first, the field of Cosmology is presented and
used as an example to also discuss how Physics is composed of many fields, each investigating particular
types or ranges of phenomena. This is extended to discuss the different importance of the opinion of an
expert against a non-expert. In the second, the definition of a Principle is given, and compared to other uses
of the word. This opens up the investigation of how scientific language differs from non-scientific language.
This discussion is expanded to other terms to give pupils knowledge of the vocabulary of Physics theories.
Module “In Large scales”: This module explains the concept of scale, as well as that of local variation. It can
be coordinated with similar subjects in other lessons, such as Geography. Objects and localities close to (or
in) the classroom can be used to show the changes observed between examining objects on a larger scale or
up close.

Module “The Universe”: In this module a description of the Universe is given, including the knowledge that a
significant portion of the Universe is not directly observable. Activities are conducted to describe how gravity
works at a distance (for example with a simplified Cavendish device) and to show how scientists can infer the
mass or other physical properties of objects that are not visible.

Module “*Homogenous and Isotropic”: The concepts of homogeneity and isotropy can be explained
independently, or can be combined with corresponding subjects or activities from the mathematics and
geometry lesson. Activities with pupil participation, like games, can be used to reinforce their understanding.
After teaching of all modules in completed, the knowledge pupils have gained is combined into an
understanding of the CP. In addition, this prepares the pupils to encounter other Astrophysics subjects in
Secondary Education. It can also be expanded to teach other subjects from modern Physics.

Keywords: Astrophysics, Cosmology, Primary Education, Proposal, Basic Concepts
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Contextual approach for teaching physics to non-major primary school

student teachers
Siti Hendon Sheikh Abdullah
Science Department, Technical Teacher Training Institute, Malaysia

The purpose of this paper is to discuss the use of the contextual approach in the teaching learning of physics
at a teacher training institute in Malaysia. Trainee teachers at this teaching institute are taught Physics in
Context in the third semester of their degree program. They must be equipped with the knowledge needed
for teachers to teach physics which are the content knowledge and pedagogical content knowledge to ensure
that they will be able to teach physics successfully in their own primary science classrooms. Thus it is
essential that these future teachers be equipped with good content knowledge so that that they understand
the physics concepts well to be able to teach these concepts in their primary science classrooms. The
contextual approach was thus adopted in the teaching and learning of physics.

Using the contextual approach hoped to equip the trainee teachers with full understanding of the physics
concepts. These contextual experiences make physics more meaningful to these trainee teachers as they
promoted understanding, interests, ability to relate physics in their everyday life situations and solve physics
problems. They will in turn able to convey these physics concepts contextually to their pupils, thus promoting
understanding and interests among their primary school pupils.

This paper also discusses student teachers' perceptions and responses to contextual approach used in their
physics course. Their responses were analysed qualitatively and quantitatively. Their responses indicated that
learning physics contextually aided their understanding of the physics concepts and being given constant
contextual exposure to physics helped them make sense physics, thus have better understanding and
confidence to teach physics in their primary science classrooms. They also agreed that they will be adopting
the same approach in their science classes.

The findings of the study indicated that using the contextual approach in teaching physics concepts to these
trainee teachers aided their understanding, interest and mastery of the physics concepts. The trainee
teachers claimed that they felt more confident to teach physics when they understood the concepts well and
intended to use the same approach when teaching primary science physics. Using the contextual approach in
the physics course is thus a part of the training process for these trainee teachers to conduct their own
primary physics lessons contextually. Trainee teachers who have completed this course are well equipped
with the appropriate content and pedagogical content knowledge to prepare them to teach physics at the
primary school level

Keywords: contextual approach, student teachers, content knowledge, pedagogical content knowledge,
primary science classrooms
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Curriculum Innovation and Enhancement in the new Applied Physics
Degree at the University of Portsmouth UK

Christopher Dewdney
University of Portsmouth

In 2010 the University of Portsmouth started a new degree in Applied Physics founded on the embedding of
employability skills within the physics curriculum. The development work has been supported by the national
HE STEM programme and the Institute of Physics and the european collaborative element by INTERREG. The
aim of this presentation is to discuss and evaluate

the particular understanding of Applied Physics as a distinct discipline that underlies the degree

the theoretical basis of the degree in a specific understanding of the philosophy and sociology of science and
of education research

the consequent implementation of the degree.

The fact that the degree has been created ab initio has allowed a rare occasion to bring together
understandings of physics, physics education and employability in the development of the curriculum. The
core of the curriculum is based around the enhancement of the student learning experience through the
production of transformative curriculum materials founded on developing skills in the practical application of
physics in the real-world industrial-problem-solving context through student-centred learning. The degree
takes a new approach to laboratory physics, going beyond traditional set-piece experiments by focusing
explicitly on the development of applied physics employment skills in a variety of contexts based on the
importance of active learning and the use of “action-learning sets”. The curriculum is informed by sustainable
industrial and public sector collaboration in contexts in which the application of physics adds value. Industrial
and service partners are engaged in both the development and the delivery of the curriculum. The
importance of project design, computer-based data acquisition and instrument control for developing
problem solving skills vital in employment is well known and National Instruments hardware and LabView
software have provided an excellent platform for the development of such skills. Students gain valuable
experience of the application of physics in wealth creation and human health and enhance their employability
through the acquisition of vital skills that will ease the transition to employment.

The value of internationalism is recognized through the development of mixed national (UK-France) group
problem-solving based projects that use 3D dynamics simulations devised for the project using the “Blender”
software environment and the Moodle virtual classroom to allow international group collaborations.

The presentation will discuss and evaluate some particular case studies of curriculum materials developed for
the degree within the laboratory and non-laboratory settings.

Keywords: University Physics Education Curriculum Development
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Overcoming Academic Misconceptions about the Learning and Teaching
of Physics

Alexander Peter Mazzolini, Llewellyn Mann, Scott Daniel
Engineering and Science Education Research group, Faculty of Engineering and Industrial Sciences,
Swinburne University, Melbourne, Australia

Although there is ample evidence that students have many misconceptions about their understanding of
physics and that these misconceptions are difficult to correct using traditional teaching methods, many
physics academics still persist with these methods. Education Research has reported on many active learning
techniques [1] that appear to be much more effective than traditional methods in engaging students and in
improving their conceptual understanding. Why then do so many Science Technology, Engineering &
Mathematics (STEM) academics resist changing their traditional teaching practises, especially as STEM
disciplines require a sequential learning strategy based on a sound understanding of fundamental concepts?
In this paper, the authors argue that one of the main factors affecting this resistance to change is that the
academics themselves have significant misconceptions about how students learn. A key misconception is that
good information transfer equates to good learning. As a common example of this misconception, it is
probably not surprising that even when academics are exposed to compelling Physics Education Research
(PER) evidence [2] to the contrary, they appear to believe that this evidence does not apply to their
teaching.

Academic misconceptions about student learning are a significant barrier to learning and teaching (L&T)
improvement within the authors’ institution. What is required is a persuasive mechanism to help academics
correct their misconceptions about student learning.

In the authors’ educational research, an active learning strategy (Interactive Lecture Demonstrations or
ILDs) is used to supplement traditional lectures in an electronics course. The lectures in this course represent
60% of the instruction (with the remaining 40% divided equally between tutorial and laboratory classes).
These ‘consolidation ILDs’ are designed to reinforce concepts that students have been exposed to previously
in the traditional lectures. On a personal level, even though the authors understand the PER around active
learning, it is still somewhat confronting when a large proportion of students make incorrect predictions
around concepts that they have been ‘taught’ already via traditional lectures. The academic misconception
that ‘if you prepare a logical, coherent traditional lecture and deliver it in an enthusiastic and convincing
manner, then the students will learn’ is hard to overcome!

In 2011, an audience polling device system (clickers) was used for the first time with the ‘consolidation ILDs’
to give instantaneous feedback on student predictions. In addition, this instant feedback was a vivid
reminder that students appeared to understand little from their traditional lectures. In this paper, the authors
argue that clickers may be a very useful tool in helping academics to confront their L&T misconceptions. The
next step is to encourage and mentor academics to try the new ‘clicker’ education technology [3], and in
doing so help them address their L&T misconceptions. Part of this mentoring program will involve helping the
academics to develop ‘in-lecture’ quiz questions that will test students’ understanding of content and
concepts that have been taught by the academic earlier in their traditional lectures. It is hoped that through
this experience the authors will be able to understand how to help academics overcome their misconceptions
about teaching physics, and hence help students overcome their own misconceptions about learning physics.

1. D. Zollman, “Millikan Lecture 1995: Do they just sit there? Reflections on helping students learn physics”,
Am. J. Phys. 64, 114-9 (1996)

2. R.R. Hake, “Interactive-engagement vs. traditional METHODS: A six-thousand-student survey of
mechanics test data for introductory physics courses,” Am. J. Phys. 66, 64-74 (1998)

3. K. Koenig, “Building acceptance for pedagogical reform through wide-scale implementation of clickers”, J.
Coll. Sci. Teach., 39, 46-50 (2010)
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Air Table: A Redesign of a Educational Laboratory Set
John Sefik Roach
Renko Ltd., Ankara, Turkey

Companies producing lab equipment have begun working on ways to integrate new technologies to their
products by using touch screens, helpful software and adding data analyzer connectivity. Among these lab
equipment that have been so far developed the multi-functional lab equipment the "Air Table" has not
received any of the attention. On a "Air Table" one can do the following experiments; basic harmonic motion,
the application and observation of Newton's 2ND law using the Atwood experiment, the calculation of the
gravitational acceleration, angular velocity and rotational inertia observations, velocity and acceleration
observations and calculations on a angular plane, projectile motion observations and calculations, collisions
and the conservation of momentum, constant acceleration and linear motion observations and calculations,
inclined plane experiments, constant speed and linear motion observations and related calculations. In this
research we have further developed the common "Air Table" not only by changing the hardware but also
adding software that we believe will revolutionize lab studies. Our novel approach will help out the teacher to
teach the content while not hindering the students' on hands learning. This research consists of redesigning
the "Air Table" and writing the software for the re-designed "Air Table" and some minor issues we have
overcome related to the hardware and software integration, along with a proposal to further our studies. In
the oral presentation we will also give a demonstration on how the new "Air Table" works and show how we
used simple everyday tools to develop this lab experiment set.

Keywords: air table, lab education, development of physics lab equipment, tools to develop physics lab
equipment
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Experiential Learning of Classical Mechanics Through Molecular

Dynamics
Paulo H Acioli, Sudha Srinivas
Department of Physics and Astronomy, Northeastern Illinois University, Chicago, IL, USA

We present a study of the use of molecular dynamics as a tool to teach concepts and practical aspects of
classical mechanics to an inhomogeneous cohort of students. The cohort in the study consisted of five
students, one senior, two juniors and two freshmen, neither of who intended to major in Physics. One of the
students had two years of physics at high school, three of the students had two semesters of General Physics
at the college level (mechanics and electricity and magnetism), and the remaining student had fulfilled all the
physics requirements for graduation. The study was conducted over a period of ten weeks as a summer
research experience for the students under the advisement of the authors of the present work. Classical
molecular dynamics is a computational method used to simulate (integrate) Newton's second law of motion.
In this study the students were asked to use the velocity Verlet algorithm to simulate different systems
ranging from analytic and non-analytic textbook examples such as the motion of objects under gravity
without and with air-resistance, the dynamics of our solar system to nominally research topics such as the
melting of van der Waals clusters. The algorithm is based on writing the position, velocity and acceleration of
the particles as finite differences. The resulting equations are very simple and resemble the equations of a
particle moving under constant acceleration. We encouraged the students to discuss a variety of concepts
such as the validity of the equations in the problems they were working on. The most advanced student was
very comfortable with describing the problems using potential energy while the ones with limited physics
coursework were more comfortable in understanding the acceleration in terms of forces. The discussion was
very intense and the most outgoing students would take the lead and write their ideas on the blackboard. It
was interesting to see how their understanding of the concepts of classical mechanics evolved in the ten
week period. The more advanced students got a deeper understanding of concepts in the act of cognitive
rehearsal when trying to make it clear to the novices how the use of energy is somewhat simpler than the
forces in describing the dynamics of many particles. At the end of the ten-week period we could verify that
the students got a deep understanding of the concepts as measured through in-group presentations and a
university-wide symposium that marked the culmination of the summer research experience. Other gains
were a firsthand experience with all the steps of the scientific method, learning new computational
techniques and a programming language (C++), working on a linux operating system, and learning how to
present their knowledge to an audience of different science backgrounds. We plan to continue this study over
the next summer when a new cohort of students will be recruited, where we will further validate our findings
by using pre- and post-testing of the cohort’s conceptual knowledge of classical mechanics.

We would like to acknowledge financial support from the Student Center for Science Engagement at
Northeastern Illinois University (NEIU), funded by a U.S. Department of Education CCRAA HSI Grant.

Keywords: Experiential Learning, Molecular Dynamics, Classical Mechanics, Cognitive Rehersal
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Teaching Physics with Soccer
Fabrizio Logiurato, Luigi Gratton, Mauro Rossi
Department of Physics, Trento University, Via Sommarive 14, 1-38123 Povo, Italy

Soccer is considered one of the most loved sport in the world. With the aim to exploit such a popularity
among High School students, we propose to analyze many physical aspects of this game. Connections with
other sports are established as well. The study of physical phenomena in soccer is performed through simple
experiments, digital analysis of images and videos with free software, and by watching famous soccer
players' performances.

For instance, we study the kinematics and dynamics of a ball and other flight objects by considering the
effects of air friction and fluid dynamics. Indeed, in the absence of wind we expect the trajectory of the ball
to be in a vertical plane in the direction of the kick. Actually, a lateral force acts on a spinning ball in the air
and this can curve the trajectory. Such phenomenon, known as Magnus effect, is observable in many ball
sports, like baseball, tennis, table tennis and cricket, not only in soccer. We present some simple
experiments in order to introduce such effect, together with some fundamental concepts of fluid dynamics.
We developed a small device that allows us to launch spinning objects, like light expanded polystyrene
glasses and little balls. Their trajectories are studied both qualitatively and quantitatively by comparing the
experimental results with the theory of the Magnus effect. We also study the mechanics of the kick, the
impulsive forces and the elastic and inelastic collisions. We make experiments on the mechanics of the
bounce, on the conservation and dissipation of energy related to it, and on the effects of spin on bounces, as
the “Maradona effect”: a ball which comes back after its bounce.

References
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Smartphones used as individual experimental platforms when teaching

classical mechanics
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Among the main topics taught in classical mechanics are: vectors, forces, motion, momentum, energy,
angular motion, angular momentum, gravity, moving frames, and the motion of rigid bodies.

Beside one or two cameras and a microphone, most smartphones used daily by students include MEMS
(MicroElectroMechanicalSystems) 3D sensors such as a accelerometer, a magnetometer and a gyroscope.
Smartphones can send data of these sensors to a computer for treatment and visualisation at the rate of
about 100Hz. This immediately means that the smartphone spatial orientation is known real time through
Euler angles. Its acceleration vector is also constantly measured in 3D up to a point that real time numerical
integration can be done to obtain the smartphone velocity vector and its position. Vector components of the
gravity and earth magnetic fields are also available. In order to enter the moving frame investigation and the
vector representation, we have developed a software that represents in real time during manipulation, the