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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)

Keywords: Academic Misconceptions, Learning and Teaching, Clickers, Physics
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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

Cross R., Measuring the Effects of Lift and Drag on Projectile Motion The Physics Teacher Vol. 50, n. 2, pp.
80-82, 2012.

Wesson J., The Science of Soccer (IOP: Bristol and Philadelphia) 2002.

Ireson G., Beckham as physicist? Physics Education Vol. 36, n. 1, pp. 10-13, 2001.
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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
smartphone orientation and its two vectors: acceleration and speed. This is a scientific version of the iPhone
presentation by Steve Jobs [1] where he says that thanks to all theses MEMS, the iPhone 4 is perfect for
gaming. It is also perfect to teach physics and to experimentally approach space and time concepts, to
investigate and describe object movements in frames. We have developed and tested lab sessions at the
freshmen level in physics and mechanics at the University Joseph Fourier Grenoble France. Experimental
ability of students has been evaluated on the basis of these practicals. Lab sessions have included: i)
smartphone spatial position analysis through Euler angles, ii) measuring acceleration in an elevator (vertical
velocity and position calculated using these data), iii) 2D rotation of swivel stool: simultaneous
measurements of rotation angle 8, angular speed d6/dt, and angular acceleration d82/dt2, iv) pendulum and
mass-spring experiments to again measure and analyse acceleration, speed and position, v) determination of
the friction coefficients.

Questions arise about pedagogical strategies: a) smartphones are general consumer products designed to
enter our everyday life. To meet this goal, they have to be so sophisticated that they can be turned into a
mobile personnel physics lab. A new look on technology presence in their life for young students. b) physics
out of the lab: one can use smartphones with students to analyse displacement of cars, bicycles, skiers,.
classical mechanics class and real life.

[1]-http://www.youtube.com/watch?v=0Rcu-c-gnjg

Keywords: practicals, physics labs, classical mechanics, embedded sensors, smartphones: use of their
integrated sensors and numerical environment as experimental platform
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Theoretical Framework

A great deal of research studies and current educational reforms emphasize explicitly the importance of
scientific inquiry and metacognition to science instruction. Many researchers urged the necessity of
metacognition for inquiry skills (Baker, 1991; Schraw, Crippen, & Hartley, 2006; White & Frederiksen, 2000).
Although it is suggested that inquiry-based teaching can be more effective when students are aware of their
learning, and have monitoring and control on learning, few studies investigated the integration of inquiry-
based teaching with metacognition. Moreover, students’ epistemological understandings in physics affect
their approaches to learning (e.g. Hammer, 1994, Lising & Elby, 2005). However, implicit instructions for
improving students’ epistemology were not effective compared to explicit instructions (Redish & Hammer,
2009). Therefore, in this study, the instruction method addressed explicitly on students’ epistemologies to
activate the productive resources used in their everyday reasoning. Similar to inquiry skills, metacognition is
also needed for activation of suitable epistemological resources used in different contexts.

Purpose

This study described how 7E learning cycle model were integrated with metacognition and epistemology to
make these two constructs explicit in the inquiry based physics instruction and to investigate the effect of
this instruction on 10th grade students’ epistemological understandings in physics.

The Research Problem of the Study

What is the effect of epistemologically and metacognitively stimulated learning cycle on tenth grade public
high school students’ epistemological understanding in physics?

Method

Participants

Participants of the study included 105 tenth grade students (48 female and 57 male) from four intact classes
of two public high schools.

Instrument

To probe students’ epistemological understanding, Maryland Physics Expectations-II (MPEX-II) survey was
administered as pre-test prior to the intervention and as a post-test at the end of the intervention. MPEX-II
developed by Elby, McCaskey, Lippmann, and Redish (2001) includes three sub-dimensions: (1) The
coherence probing the extent to which the student views physics knowledge as coherent and sensible as
opposed to a bunch of disconnected pieces, (2) the concepts probing the degree to which the student views
concepts as the substance of physics as opposed to thinking of them as mere cues for which formulas to use
(3) the independence probing the degree to which the student views learning physics as a matter of
constructing her own understanding rather than absorbing knowledge from authority.

Research Design

A quasi-experimental with matching-only pretest-posttest control group design was employed. The classes
were randomly assigned into experimental and control groups. The experimental classes were instructed
using metacognitively and epistemologically stimulated 7E learning cycle while the comparison classes were
taught based on the teacher-directed instruction. The study took about four months excluding the pre and
post-test administrations.

Results

A One-way between groups multivariate analysis of covariance (MANCOVA) was performed to investigate the
effect of the mode of instruction on students’ epistemological understandings. Three dependent variables
were used: students post test scores on coherence, concepts, and independence dimensions of MPEX-II.
Students’ pre test scores in these dimensions were used as the covariates in this analysis. The independent
variable was modes of instruction. A significant difference on the combined dependent variables was
observed between two groups. F (3, 100) = 8.82, p =.000; Wilks’ Lambda =.79; partial eta squared =.209.
When the results for dependent variables were considered separately, differences for coherence and concepts
were statistically significant using Benferroni adjusted alpha level of.017. For coherence F (1,102) = 25.92, p
=.000; partial eta squared =.203, for concepts, F (1,102) = 19.32, p =.000; partial eta squared =.159. The
difference for independence did not reach statistical significance. F (1,102) = 4.34, p =.040; partial eta
squared =.041.

Conclusion and Implication

The result of the study indicated metacognitively and epistemologically stimulated inquiry-based physics
instruction was more effective for improving students’ epistemological understandings about the structure
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and content of physics knowledge. All effect sizes for partial eta squared values for the statistically significant
differences are large according to guidelines proposed by Cohen (1988) (small=.01, medium =.06=, large
=.14). That is, the results of the study also have practical importance. This study proposed the new teaching
strategy. Findings of study can be used for science education researchers, curriculum developers, and
science teachers.
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IPITHIA - a new active learning strategy for a repetition course in

mechanics for freshmen
Dagmara Sokolowska
Physics Department, Jagiellonian University, Krakow, Poland

Introduction

For the last few years we have been facing the problems of lowering the level of science knowledge and
competences of students entering Faculty of Physics, Astronomy and Applied Computer Science at the
Jagiellonian University. As an answer to new demands in Winter 2009 a new strategy for a repetition course
in mechanics was proposed to ensure equal initial opportunities for all freshmen undertaking studies in
physics, astronomy, biophysics and nanotechnology. So far the course has been repeated three times and
research on the course evaluation has been carried out.

IPITHIA learning strategy

Before the course a pre-test is carried out to screen the students who are good enough in mechanics and use
different representations at ease, so do not need repetition in solving basic problems. For those who do not
overstep a 50% threshold, the repetition course is obligatory and ends with a post-test.

Most of the groups are taught using a new active learning strategy, IPITHIA, based on a sequence of steps
for solving simple theoretical problems: (1) Individual (work), (2) Peer Instruction, (3) Tutor/teacher Help
and (4) Instruction (for) All (students). Using this approach most of the work is done within the first two
steps and the forth step was reached only when the whole group of students encounters substantial
difficulties while solving a particular problem. The third step involves individual work with a student and gives
an opportunity to recognize and “untie” his/her conceptual knots. Some (reference) groups of students are
taught traditional way, where most of the problems are solved on the blackboard by random chosen students
and with much help of a teacher.

Results

To assess the new active learning strategy, we compared pre- and post-test results of two groups of
students: one (N=59) trained with IPITHIA approach and the other (N-17) taught in the traditional way. The
group average normalized gain factors, g-ave [1] found for both groups were 0.35 and 0.18, respectively, in
consistence with other comparative studies between interactive engagement strategies and traditional
courses in physics [2]. To evaluate the significance of this difference, an unpaired t-test was used and the
results gave a value of p=0.0014 (p<.05), telling us that IPITHIA method was superior for teaching
repetition course in mechanics to freshmen. Further, Cohen’s effect size [3] value (d=0.98) suggested its
high practical significance.

After the post-test, students participating in the course filled in an anonymous questionnaire. We learned
from them that the groups taught in the traditional way found the course less motivating and explanations of
problems less clear than the groups following IPITHIA.

Conclusions

We found IPITHIA strategy both more efficient and more motivating for students attending repetition classes
in mechanics. We believe that proposed method is suitable for all kinds of repetition lessons not only at the
academic level but also at earlier levels of education.

This work was supported by the Polish Ministry of Science and Higher Education, Project Wiking,
POKL.04.01.01-00-355/09
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Metacognition refers to the higher order thinking process involving self regulation of emotions, cognitions,
learning. Metacognitive self regulation can be defined as a process in which students do self-monitoring on
their own competence, make plans about what and how to learn and determine the goals for which strategies
to use. Moreover, self regulated learning makes students metacognitively, behaviourally, and motivationally
active participants in their own learning. Researches in recent years indicated that the use of metacognitive
strategies is an effective factor on students’ learning.

Studies on achievement motivation have focused on two contrasting motivational approaches: learning goal
and performance goal. Learning goal is defined to be motivated to learn something new, try to understand
learning activities and to improve their own abilities. On the contrary, performance goal focuses on
motivation to demonstrate their own abilities and performances like getting high marks or being praised by
others, being more successful than the other students. Recent researches indicated that achievement goals
are significantly related to metacognition and students with learning goals have better metacognitive
strategies that they use to master information than those students with performance goals. Other
motivational construct, self efficacy belief is based on individuals’ beliefs on their abilities and it is necessary
for organizing and elucidating essential behavior for achieving the goal. Self-efficacy belief is defined as “the
individual’s belief in their capabilities for organizing necessary activities to display a certain performance and
doing it successfully”. In addition, researches indicated that students having high self-efficacy belief believe
in achieving even harder works and this has a positive impact on their achievements. Research results
showed that self-efficacy is related with metacognition as well.

The aim of this study is to investigate the effect of motivational beliefs on students’ self regulation in physics
courses. Therefore, the contribution of the students’ learning goal, performance goal and self efficacy scores
on their metacognitive self regulation strategies was investigated. The sample of the study consists of 187
university students taking physics course. Accordingly, 26 students from chemistry education department, 28
from biology education department, 36 from mathematics education department, 44 from primary science
education department and 53 from primary mathematics education department took part in this study.
Motivated Strategies for Learning Questionnaire and the Achievement Motivation Questionnaire were used as
the instruments of this study. The students were requested to consider the strategies used by him or her in
relation to the physics course. In order to assess students’ metacognitive self regulation in physics,
metacognitive self regulation subscale of Motivated Strategies for Learning Questionnaire was used. Its
Cronbach Alpha was calculated as.79. The subscales of the achievement motivation questionnaire were used
to assess students Learning goals, Performance goals and the Self efficacy in physics course. The Cronbach
alpha reliabilities were.78 for learning goals,59 for performance goals, and.62 for self-efficacy.

The results of the study were evaluated by using SPSS with the help of the stepwise multiple regression
analysis. The results showed that students’ metacognitive self-regulation scores for physics were high and
besides; their scores for learning goals were higher than those for performance goals. Moreover, stepwise
multiple regression analysis revealed that learning goals and self-efficacy were significant predictors of
students’ metacognitive self regulation scores explaining 33% of the variance. The results of the study will be
discussed to improve the quality of physics education.

Keywords: Achievement motivation, Metacognitive self regulation
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1 Conceptual framework

Some European universities report that the number of physics students has decreased by half since 1995. It
is necessary to create effective educational methods that will increase student motivation. There is an
innovative method called Inquiry-Based Science Education (IBSE) that, according to a number of surveys,
increases and stimulates students' interest and teachers” motivation. IBSE is suitable for all types of
students: gifted and non-gifted, boys and girls, students of all ages. Physical experiments play a key role in
IBSE because they have been the basis for inquiry.

2 Rationale

IBSE is based on understanding the process of learning science [5]. The principle of IBSE is the involvement
of students in discovering natural laws, linking information into a meaningful context, developing critical
thinking and promoting positive attitudes towards science ([4], [6]). Emphasis is placed on learning through
inquiry and not through rote memorial learning. Individual applications of IBSE can be divided into student
activities (Inquire-Based Science Learning) and teacher activities (Inquire-Based Science Teaching). IBSE
combines both activities and includes the entire educational process. In terms of teacher involvement, there
are four levels of IBSE: confirmation, structured, guided, and open [1]. Experiments and practical activities
play a crucial role in all four IBSE levels because they are the basis of science inquiry.

3 Aim, questions and methodology

The aim of this study is to create taxonomy of IBSE experiments, to determine the role of experiments in
IBSE and to establish principles and their applications. A mixed research method combining theoretical
comparative analysis and design-based research has been used.

4 Notable ideas and conclusions

Taxonomy of experiments in IBSE

(1) Confirmation Experiments: students carry out experiments following teacher s detailed instructions and
under his/her direct supervision, the expected results of the experiments are known in advance, students
confirm or verify laws.

(2) Structured Experiments: the process of experimentation is determined by the teacher, but the solution is
not known in advance; the teacher significantly affects the students’ research by asking guiding questions
and by determining the way of research, students express their creativity in discovering laws.

(3) Guided Experiments: students propose their own methods and experiments to address research
questions; the teacher cooperates with students to provide them with the research questions, gives advice
on planning and implementation of the research.

(4) Open Experiments: Students form their own research questions, methods and process of research; they
carry out experiments on their own.

Each type is supplemented by particular examples of physics experiments.

Principles of experiments used in IBSE

The taxonomy of experiments is supplemented by a set of principles for their application in IBSE. These
include: selection of simple experiments from daily life, creation of alternative student experiments,
functional use of ICT, etc.

5 Discussion and Implications

A subsequent research problem in IBSE is teacher proficiency in: combining experiments and problem tasks
[2], simple experimenting [3], project teaching etc. It is necessary to implement principles of using
experiments and their IBSE taxonomy in physics teacher training. We have been analysing the
implementation of experiments in IBSE within the European project PROFILES [7].

6 References

[1] Banchi H., Bell R. The Many Levels of Inquiry. Science and Children. 2008, 46(2), 26-29.

[2] Hofstein A., Navon O., Kipnis M., Mamlok-Naaman R. Developing Students Ability to Ask More and Better
Questions Resulting from Inquiry-Type Chem. Laboratories. J. of Res. in Sc. Teach., 2005, 42, 791-806.

[3] Kirschner P. A., Sweller J., Clark R. E. Why minimal guidance during instruction does not work: an
analysis of the failure of constructivist, discovery, problem-based, experiential, and inquiry-based teaching.
Educational Psychologist, 2006, 41 (2), 75-86.

[4] Kyle W. C. What research says: Science through discovery: Students love it. Science and Children, 1985,
23(2), 39-41.

[5] Narode R. Teaching Thinking Skills: Science. Washington, DC, National Education Association, 1987.

[6] Rakow S. J. Teaching Science as Inquiry. Fastback 246. Bloomington, Phi Delta Kappa Educ. Found.,
1986.

[7] http://www.profiles-project.eu/

Keywords: experiments, Inquiry-Based Science Education, motivation, taxonomy, teaching/learning method

46



PS. 02.05. a

Strand 7: University Physics

Paral | el Session 02.05

Date & Tine: 02.07.2012 / 13:00 - 14:30
Room D402 (3rd Fl oor)

An inventory on angular velocity of a particle
Mashood Kk, Vijay A Singh
Homi Bhabha Centre for Science Education, Tata Institute of Fundamental Research

We developed an inventory to investigate student understanding of angular velocity of a particle. The
motivation came from our experience that not only students but even teachers at pre-college level have
difficulty with rotational motion in general [1-4]. Unlike basic Newtonian mechanics, elementary concepts of
rotational motion did not receive enough attention from physics education research (PER) [2, 5]. Our work is
similar in character to focused inventories such as Test of Understanding Graphs-Kinematics (TUGK) [6]. It
should be contrasted with inventories which are broad survey instruments such as Conceptual Survey of
Electricity and Magnetism (CSEM) [7]. We aim at probing deficiency in understanding angular velocity and
elicit ill suited reasoning patterns. A formal knowledge of rotational kinematics is required to answer the
items which makes it similar to Mechanics Baseline Test (MBT) in contrast with Force Concept Inventory
(FCI) [8, 9]. The focus of FCI is on probing preconceptions incompatible with physics acquired tacitly over the
years.

For developing the inventory we interacted with students as well as teachers and our aim was to understand
the nature of difficulties so that proper questions/items as well as distractors could be framed. Some of the
difficulties were identical to those reported earlier in the context of linear velocity [10]. This included
problems dealing with simple ratios, concept of limit or the instantaneous aspect, position-velocity confusion
etc. Others were peculiar to the characteristics of angular velocity among which the non intuitive nature of its
direction of was a prominent hurdle. Difficulties in visualization were also observed. We also found
indiscriminate usages of the equation v = wxr ignoring the fact that it is valid only for circular motion. We
framed multiple choice questions and distractors (four) incorporating all these factors. The context of
questions included real life examples like wall clock and physically relevant situations like pendulum, elliptical
motion etc. Items thus developed underwent iterative modifications through pilot studies. The inventory was
then content validated by experts.

The inventory constituting 10 items was administered to a set of 26 teachers and 90 students. The teachers
taught physics either at pre-college or undergraduate level and were from across the country. The students
were at pre-college level who have learnt rotational motion and constituted of 2 groups of 79 and 11. The
group of 11 were among the top 300 from which the Indian team for international Physics Olympiad would be
selected.

The data shows that teachers as well as students have difficulty comprehending the various aspects of
angular velocity. It may be noted that the performance of the smaller group (11) of students was
significantly better. Strikingly, there was no major differences between the performance of the larger group
(79) and the teachers. This was inferred by calculating the difficulty level (= correct responses/ total
responses) of each item for all the groups.

Some specific examples of the observed pitfalls include

e The tips of the minute hand and the second hand have same angular velocity when they are at the same
position (12 O’clock).

e The direction of angular velocity of a pendulum bob lies in the plane of motion.

e Angular velocity of the tip of a clock (transparent) hand changes direction depending on whether one is
looking from the front or the rear.

e The equation v = wxr holds true for a planet revolving in an elliptical orbit with sun as one of its foci.

An immediate corrective measure would be to emphasize operational definitions and accompanying
procedural specifications [11, 12]. Concluding, we find that there is a need for firmer grounding of
elementary concepts like angular velocity, angular acceleration etc. We intend to investigate rotational
kinematics further.
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Over the years, a variety of diagnostic tools have been developed in physics education in order to measure
how student learning is improved. Among the diagnostic tools, the Force Concept Inventory (FCI) developed
by Hestenes and his collaborators is a typical one to assess how students understand the Newtonian
conceptual framework [1]. The FCI is a 30-item 5-choice survey, which can be solved almost without
equations. The distractors of the questions are constructed based on the knowledge of the naive conception
of mechanics. The FCI has been translated into various languages, also into Japanese [2] and is widespread
internationally in the field of physics education research.

In General, the validity of the diagnostic tool must be confirmed. Actually, the validity of the FCI has been
evaluated from various points of views. For example, Hestenes and his collaborators evaluated the validity of
the wording and diagram of the questions, that is, the validity of the representation of the questions and
they explained it is beyond reasonable doubt [1,3]. Rebello and Zollman evaluated the validity of the
distractors of the questions, by comparing students’ responses on four FCI questions with similar responses
to equivalent open-ended questions [4]. Stewart and his collaborators evaluated the validity of the contexts
of the questions with a 10-question context-modified test [5].

In our last work [6], we evaluated the validity of the Japanese version of the FCI focusing on the
representation, since the validity might vary depending on the group of the students. We set criteria, one of
which is based on the false-negatives, false-positives [7], and guessing that came about from the inadequacy
of the translation. We interviewed 16 students and found that, under the set criteria, of the 30 questions, 16
questions had at least one of these problems.

We could not evaluate statistically the validity, because the number of interviewees of our work, 16 persons,
is not enough to give a persuasive conclusion. In order to increase the number of examinees, it is better to
use a questionnaire. For example, we might use a questionnaire in which students write their responses and
the reasons why they chose it in free description. In this case, however, there is a problem that students
might not write all of their reasoning and we could not judge whether students really understand the physics
concepts behind the question.

In this work, therefore, we suggest a new method to evaluate the validity of the representation of the FCI. In
this method, we use a questionnaire which is constructed by subdividing a question of the FCI into cognitive
units in order that we could judge whether students understand the physics concepts behind the question.
Since these questions are sequenced in several cognitive steps, we call these questions cognitively
sequenced questions. With this method, we can examine the false-negatives and false-positives
systematically, and can increase the number of examinees enough to do statistical analysis.

In this talk, we explain our method by showing several examples of the cognitively sequenced questions and
report the preliminary results of our research to more than 50 students in Meijo University. We hope your
candid comments and questions.
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Link Maps: Exploring the knowledge structures of introductory physics
Christine Lindstrgm
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Nearly fifty years ago, Joseph Schwab (1964) argued for an increased focus on the nature of the subject
matter itself in discipline specific research. In the Physics Education Research community, the nature of
physics knowledge is still receiving far less attention than the teaching and learning of it. This presentation
focuses on the knowledge structure of some of the physics taught in first year university. It provides a new,
fruitful way of viewing physics knowledge, which is helpful when trying to improve student learning, and
presents a new way of reflecting upon the first year physics curriculum for researchers and practitioners in
physics education.

This presentation builds on a large institutional study in introductory physics where a new type of tutorials
centred around two-dimensional, non-linear knowledge maps called Link Maps. These tutorials were found to
have only half the number of students at risk of failing as measured by the final examination compared to
the existing research based inquiry tutorials (Lindstrgm and Sharma, 2011). The focus of this presentation is
to explore the way physics knowledge was organized in the Link Maps. In particular: can studying the
knowledge structure of Link Maps shed some light on why they were experienced as being central to the
success of the intervention? Two theoretical frameworks were used to analyse the knowledge presented in
the maps. These originate from the works of Bernstein and Bloom. Bernstein characterized physics as having
the most hierarchical knowledge structure of all disciplines, referring to “a coherent, explicit and
systematically principled structure, hierarchically organized [that] (...) attempts to create very general
propositions and theories, which integrate knowledge at lower levels, and in this way shows underlying
uniformities across an expanding range of apparently different phenomena” (Bernstein, 1996, p. 172). Using
Bloom’s taxonomy, it is possible to argue that it is the categories of declarative knowledge that are of
interest here: Factual and Conceptual knowledge (as opposed to Procedural and Metacognitive knowledge)
are explicitly presented on the Link Maps.

The key ideas in this presentation are the following. 1) The way Link Maps were constructed made explicit
the integrated nature of physics knowledge - both within and between topics that were being taught -
especially in the Mechanics module. It is proposed that this helped the students understand the material
better. 2) It is educationally valuable to distinguish the knowledge structure of the discipline from the
knowledge structure of individuals, especially when those individuals are students. Even though the
knowledge of physics, as a domain, may be very strongly integrated (and thus referred to as hierarchical in
the language of Bernstein), the knowledge of students is not necessarily well integrated at all. The teaching
of the discipline is therefore not just about helping students learn ‘knowledge pieces’, but also about helping
them organise this knowledge. 3) The type of knowledge that appears on Link Maps is almost entirely
Conceptual knowledge (in term of Bloom’s taxonomy), much of which is quite abstract and often in
mathematical form. An argument is made that it is this abstract knowledge that allows for the integrated
nature to be presented in the condensed way that it appears on the Link Maps, but it is also this abstraction
compounded with the integration that makes physics particularly challenging for students to learn.

A key implication for teaching and learning is the importance of specifying whether one is talking about the
knowledge structure and content of the discipline itself (as contained within the community) or of the
students of the discipline. When students construct their physics knowledge, how the content is mentally
structured is a critical part of coming to understand it. It is therefore argued that it is valuable that the
teaching of physics, in particular to novices,- in addition to focusing on content — explicitly presents how this
content can be effectively structured in the endeavor align student learning with that of the discipline.

Bernstein, B. (1996). Pedagogy, symbolic control, and identity: Theory, research, critique. London;
Washington, D.C.: Taylor & Francis.

Lindstrgm, C. and Sharma, M. D. (2011) 'Teaching physics novices at university: A case for stronger
scaffolding', Physical Review Special Topics - Physics Education Research, 7(1): 010109.

Schwab, J. J. (1964). Problems, topics, and issues. In S. Elam (Ed.), Education and the Structure of
Knowledge (pp. 4-47). Chicago: Rand McNally.
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Factors Associated With Physics Achievement Of Engineering Students In

Ama International University-Bahrain
Wilfredo T. Lacambra
Ama International University Salmabad, Kingdom of Bahrain

Introduction

Schools or universities are considered one of the most delicate enterprises because they are tasked with the
development of human beings as educated individuals. The primary goal of education is to produce excellent
outputs. Programs and projects have been created as means to improve quality of education.

One of the most common ways of detecting improvement in an institution is through measuring the students
achievement in a test. Testing is generally thought of as a means of assessing the knowledge and skills
students have acquired through learning. Test results provide vital information that could be the basis for the
following: (a) assigning final grade; (b) distinguishing students’ strengths and weaknesses; (c) assessing
class performance; and (d) improving teaching methods or techniques. Knowing the students’ achievement
more or less determines the kind of instructors the school has. To measure such achievement, a valid and
reliable measuring device is needed.

The study deals with the analysis of factors associated with achievement in Physics of engineering students
based on the content areas and on Course Intended Learning Outcomes; the implications of these factors;
and the problems encountered by the students that affect physics achievement. The results may suggest a
level of instruction appropriate for engineering students knowing the Course Performance Rating (CPR) in the
natural sciences. Thus, this study will prove beneficial to the: (1) College of Engineering; (2) Department of
Physics; (3) School Administrators; and (4) Physics Teachers.

Research Methods and Procedures

The descriptive — correlational method of research will be employed in this study. It is correlational because
the study attempts to correlate some variables associated with the physics achievement of engineering
students of AMA International University Bahrain.

The study will make use of the engineering students as respondents who are registered during the third
semester of SY 2011-2012.

The achievement test in physics will be prepared by the proponent. The instrument will be pretested and
validated by a group of students in the College of Computer Studies, which included experts in physics.

The study will employ statistical tools, namely the weighted mean, the standard deviation and the chi-square
test.

’

Keywords: Physics Performance, Students' Achievement, Achievement Test
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Pbl in mechanics: some results of a controlled experiment
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CESI School of Engineering decided to test the implementation of a Problem-Based Learning (PBL) approach
in Mechanics for the first year students registered in 2010. The curriculum in Mechanics includes Statics,
Kinematics and Dynamics. Six problems were developed by three teachers / researchers of the LIEA in
France to cover the whole programme, and a measurement protocol was designed to compare two different
approaches: Problem-Based Learning and traditional teaching: the students would have to take several tests
to measure their mastering of concepts and principles of Newton’s physics (FCI, MBT ) together with
assessment tests designed by the teachers and intended to measure their acquired knowledge and capacities
in problems resolution. In order to establish a comparative analysis, the 2010-2013 cohorts of three centers
were split into two groups, one following the PBL approach and the other one traditional teaching in each
center. The FCI test was taken by all students before and after the course in Statics, the MBT test was taken
by the same students before and after the course in Kinematics and Dynamics. Assessment tests were taken
at the end of each part of the course. Our hypothesis was that both approaches would be identical in terms
of acquisition of knowledge, but that PBL approach would allow improved conceptualization and reasoning in
physics. The analysis of the three measures provides the following results.

- The FCI test taken before beginning to learn Statics showed that there wasn't significant difference between
groups in terms of Newtonian conceptualization. It revealed a small improvement after the course, whatever
was its modality. However an analysis of variance shows differences according to school’s centers.

- The results of the MBT test were globally very weak and the difference between groups and centers is
significant.

- Assessment tests were marked according to Rubrix grids intending to measure the learning outcomes. In
spite of the hypothesis that these grids measuring the learning outcomes objective by objective were precise
and detailed enough, discrepancies between the examiners appeared. These discrepancies are of high
importance, as the mark is given on 4 points.

Finally, further experimentation is needed to provide statistical evidence that one method of learning
Mechanics is more appropriate than the other. Beyond the quantitative results given by the tests and the
assessments, qualitative results were gathered by observations and interviews of our students, by two
students attending a Master course in Educational sciences, Beatrice Vicherat and Mathieu Gandon. According
to them, it seems that the acceptance of the Problem-Based Learning method is a determining factor of its
learning efficiency. The proposed paper will provide in more details the statistics as well as the observations
and recommendations from the qualitative surveys.

Keywords: Problem-based learning, mechanics, Newton's physics tests, quantitative results, qualitative
results
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Improve learning by using demonstrations
Matthew Bobrowsky
Department of Physics, University of Maryland, College Park, MD, U.S.A.

Demonstrations are widely used in undergraduate physics classes throughout the world. Demonstrations are
traditionally assumed to enhance students’ interest as well as result in increased learning. However, previous
studies have shown that unless the demonstrations are presented properly, their efficacy can be minimal,
and in some cases there can be less understanding (due to the introduction of misconceptions) following a
demonstration than before (e.g., Roth et al. 1997). On the other hand, when presented in a more engaging,
interactive manner, demonstrations can be quite useful. Sokoloff & Thornton (1997) found, based on pre-
and post-tests of students’ understanding of dynamics concepts, that traditional instruction (without demos)
resulted in only a 7-10% increase in learning, while the addition of interactive demonstrations boosted
learning by an additional 45-75%. This increased effectiveness of interactive demonstrations was
corroborated by Crouch et al. (2004).

This workshop will provide physics instructors with the tools needed to present demonstrations in an effective
manner and achieve significant increases in students’ comprehension of the relevant physics. To achieve this
goal, demonstrations must provide an interactive — not passive — experience for the students. This is not a
trivial matter. Most instructors do not engage their students when showing a demonstration, and if the
students do not actively participate, their learning will not benefit from the demonstration (Kraus 1997).

At many institutions there is a very high rate of use of demonstrations in physics classes. In fact, some
courses are primarily based on the use of demonstrations. (The presenting author is a veteran instructor of
such courses - such as “The Physics of Music” and “Light, Perception, Photography, and Visual Phenomena.”)
The use of demonstrations is also very important in pre-medical and pre-engineering courses.

Additional interaction with the demonstration could, for example, have a student discuss the demonstration,
which would allow both the instructor and the student to assess the student’s understanding of the
vocabulary, the scientific concept, and the relevance of the demonstration. It provides a formative
assessment and can reveal misconceptions that the instructor can then address. However, the instructor
needs to engage all students in answering and discussing the relevant science. Such participation is
necessary for students to confront their misconceptions or simply to learn from the demonstration.

This workshop, in conjunction with the presenter’'s accompanying oral presentation (*Demonstrations can
increase learning...or not”) will provide participants with an excellent understanding of how to make
demonstrations effective (when they otherwise would not be). Participants will gain experience using actual
demonstrations and will practice presenting lessons using interactive techniques that engage and challenge
students in ways that are now known to be essential for increased student learning.
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The nature of science has been increasingly finding important and crucial role in science education in recent
years. This can be seen both from the books which mainly concern on the NOS issues from theoretical point
of view, and the place of NOS, its importance and role, in science education [W.F. McComas 2000; L.B. Flick
and N.G. Lederman 2006], and also from the books which mainly concern about teaching and instruction of
science in elementary, middle, and high school [D.M. Wolfinger 2000; E.I. Chiappetta, et.al 1998].

The nature of science is a blending arena of the history, philosophy, sociology, and psychology of science.
Though accepted by many educators the importance and necessity of including NOS in science education
programs, the question of “what” and “how-to” of communicating NOS with teachers and students has been
remained as an important problem. For many teachers those introductory chapters of history and philosophy
of science are considered as separate and extra sections which simply tell the story of science! Any
suggestions in this regard should present the essential aspects of science every student should know and
understand about science. How are theories built? How do scientists know about the things which we cannot
access them directly? Why do people give different theories while they are using the same data? How do
theories and models change? What does really mean that “scientific ideas while durable are tentative”?

This is in this connection which the idea of “black box” experiments finds an important role in communicating
NOS concepts, issues and ideas. A “black box” is any devise which can be served to show how scientists
actually talk about things which are hidden in the black boxes of the Nature. Black boxes can be/are very
diverse in their structures, purposes, design, and people who are supposed to benefit from them.

The black box created and designed for this workshop is a container hidden in a box. The container cannot be
accessed directly by, for example opening the box’s door. There are only two ways we can “communicate”
with the box: one is pouring a liquid -- water, alcohol, or the like -- from the top of the box which goes
through a pipe into the container. The second way is a calibrated tube which is connected to the container in
the bottom and is stretched in parallel to the box from the outside. (This is our detector!) There is also a
gauge which is a small cup with a specific capacity or volume. (This is our probe!) The process is simple.
When we pour the liquid, the water, say, is shared between the container and the calibrated tube. The height
of the liquid in the tube depends on the diameter of the container: In the narrower parts the change of the
height of the liquid is high. And in the wider parts the change of the height is low. Because of practical
difficulties in building and bringing the box, participants will receive the data gathered by some other
“researcher” who has “published” his data. Thus, participants will be engaged in a data processing and
analyzing investigation. The data will be given in stages and the participants will have to change their models
of the shape of the container in each stage. Although it seems simple, the activity is by no means trivial. In
fact, the participants will face with some questions and points which challenge their account to the data and
make them reflect on their inferences and judgments: On what laws or theories do their models rely? How
does a new data make them change their models? In what ways do their models differ from each others? Are
there any alternatives for their models? How will the changing of the probe affect the results of the
experiment? Is our model an exact copy of the real container? (Can we ever be able to know the true shape
of the container?) Are there any law(s) “governing” the container? These and other questions will be posed
during the activity which will give some feelings of “how science functions”.

Regarding the method of presentation the only materials for the workshop are some paper sheets, pen or
pencil, a calculator (just for simple calculations), and some small rulers. The data recorded in tables will be
given by the presenter. The presenter will also bring some rulers with him.

Keywords: Nature of science, Black box
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We are teachers who have benefited from the Open Source Physics (Brown, 2011; Christian, 2010;
Esquembre, 2010) community's work and we would like to share some of the computer models and lesson
packages that we have designed and implemented in five schools in the grade 11 to 12 classes.

In a ground up teacher leadership (MOE, 2010) approach, we came together to learn together, advancing the
professionalism of physics educators and improve students' learning experiences through suitable blended of
real equipment and computer models. We will share computer models that we have remixed from existing
library of computer models into suitable learning environments for inquiry of physics customized (Wee &
Mak, 2009) for the Advanced Level Physics.

We hope other teachers would find these computer models useful and remix them to suit their own context,
design better learning activities and share to benefit all humankind, becoming citizens for the world.

This is an eduLab (Wee, 2010) project funded by the National Research Fund (NRF) Singapore and Ministry of
Education (MOE) Singapore.

References:

Brown, D. (2011). Tracker Free Video Analysis and Modeling Tool for Physics Education Retrieved 20 October,
2010, from http://www.cabrillo.edu/~dbrown/tracker/

Christian, W. (2010). Open Source Physics (OSP) Retrieved 25 August, 2010, from
http://www.compadre.org/osp/

Esquembre, F. (2010). Easy Java Simulations Retrieved 20 October, 2010, from
http://www.um.es/fem/Ejs/Ejs_en/index.html

MOE. (2010). An Introduction to PLCs Retrieved 01 December, 2010, from
http://www.academyofsingaporeteachers.moe.gov.sg/cos/o.x?c=/ast/pagetree&func=view&rid=1069395
Wee, L. K. (2010, 03 November). eduLab mass briefing on possible ideation options for eduLab projects
sharing on Easy Java Simulation and Tracker. Jurong Junior College, 2010, from
http://weelookang.blogspot.com/2010/10/edulab-mass-briefing-at-jurong-junior.html

Wee, L. K., & Mak, W. K. (2009, 02 June). Leveraging on Easy Java Simulation tool and open source
computer simulation library to create interactive digital media for mass customization of high school physics
curriculum. Paper presented at the 3rd Redesigning Pedagogy International Conference, Singapore.

Keywords: Blended Learning, Simulations, Computer Models, Open Source Physics, Teacher Education,
Tracker, Easy Java Simulations

55



PS. 02.09. b

Strand 1: ICT and Multi-Media in Physics Education
Paral | el Session 02.09

Date & Tinme: 02.07.2012 / 13:00 - 14:30

Room D403 (3rd Fl oor)
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With the advent of high speed, multi-media capable, light weight, less costly computers —and handy devices
possessing such computing capabilities— students and teachers, just like all other people in all other sectors
of the economies, are exploiting this computing power in all sorts of new ways. Teachers need to have
competences in creating technology rich educational environments and using the technologies effectively
during the lessons. These teacher competences are named as TPCK and can be described as how teachers
understand educational technologies and use technology to produce effective teaching with technology.
Recently, over several years, we produced a teacher development module on the use of interactive computer
animations closely aligned with Turkish high school physics curriculum. The function of these animations is to
clarify the concepts of physics and to give the ability of experimenting in the virtual space. By elucidating the
underlying mechanisms of natural the phenomena within the computer environment, it is hoped that
teachers and students will be more engaged in teaching and learning activities. Providing positive learning
experiences to students is essential for them to understand the concepts of physics and choosing careers in
the future. The module is available online and can also be used as the basis of teacher professional
development workshops. It enables teachers to develop content knowledge as well as pedagogical
approaches and tools for teaching physical phenomena. This module is targets and designed for grades 9-12
and covers great majority concepts of the Turkish physics curriculum. The virtual learning environment
covers a total of over 100 animations and simulations (being almost evenly distributed to each grade)
covering specific subjects and concepts by also targeting known student misconceptions and learning
difficulties. In this workshop we will showcase the online virtual physics learning environment (OVPLE) for
high schools. Each subject in the OVPLE contains an interactive animation or simulation, a user’s guide,
historical background of the subject, and theoretical explanation. In the workshop participants will learn
about ways of effectively using the OVPLE and will have chances to interact with the development team.
Acknowledgement: This work is supported by TUBITAK under SOBAG 1001 Support Programme for Scientific
and Technological Research Projects.
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One of the most difficult challenges in physics education is to design professional development programs for
teachers, which can lead to fundamental changes in their practice. We report all activities for physics
teachers in the context of the National Plan for Scientific Degrees in Southern Tuscany. Research and practice
have shown that physics teaching in school is inadequate. The main consequences are limited achievements
in school (and often in universities), the decrease of students' interests in learning physics and the decrease
of enrollments in physics, sometime impressive, in many countries. In recent years, the decline in
enrollments in science degrees was faced up with the launch of a wide national project addressed to
secondary school students and teachers. The plan is focused on the design and implementation of laboratory
and teacher professional enhancement. The active involvement of teachers in the design of laboratories was
found to be one of the essential points to make actions with students which were not transitory and entered
permanently in classroom practice. We describe some advanced course in Physics and Mathematics Education
designed for teachers realized few years ago and courses designed for a Master in Physics Educational
Innovation and Orienting performed jointly by many italian universities. Other attivities are less formal but
equally relevant, such as the active involvement of expert, young and in training teachers in the design and
implementation of laboratory activities for a summer school of physics. Recently, we developed a workshop
for teachers of physics and mathematics on modeling. This activity has continued in an updating course for
teachers in which selected topics, named in the same way in both disciplines, are discussed in order to
design interdisciplinary learning paths. The purpose is to clarify these topics by using specific tools from
physics and mathematics and to outline the similarities and the differences in both contexts. We believe that
this activity can be useful for students, which can acquire a profound insight on some fundamental concepts,
and for teacher professional development. We describe teacher reactions and the more significant difficulties
we encountered. Finally, we discuss which kind of activity seems more effective.

Keywords: Continuous learning, Physics laboratory, Teaching methods and strategies, Professional
development
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Over the past decade, increasing importance and attention has been attached to the potential of new
technologies of information and communication (ICT) to improve teaching and learning in schools. According
to Piet Lijnse (Girep, 2006, http://www.girep2006.nl/, Modeling in Physics and Physics Education), focus on
modelling is largely due to the following reasons. One is the recent constructivist attention to conceptions
that students bring to the classroom. A second is the present emphasis on the role of philosophy in science
education, which has resulted in stressing the importance of attention for the nature of scientific models.
Directly connected to that approach, is that proposed by (Landau et.al, 2008), as Computational Physics
(CP). One of the crucial components of (CP) and the corresponding Computational experiment (CE), is the
abstraction of a physical phenomenon to a conceptual model and its translation into a computational model
that can be validated. This leads us to the notion of a computational experiment where the model and the
computer take the place of the 'classical' experimental set-up, and where simulation replaces the experiment
as such. According to Hestenes (1999) traditional physics courses lay heavy emphasis on problem solving
and this results to the undesirable consequence of directing student attention to problems and their solutions
as units of scientific knowledge. Modelling theory tells us that these are the wrong units; the correct units are
the models. Problem solving is important, but it should be subservient to modelling. Hestenes (1999), states
that most physics and generally science/engineering problems are solved by constructing or selecting a
model, from which the answer to the problem is extracted by model-based inference. In a profound sense
the model provides the solution to the problem. Thus, an emphasis on models and modelling simplifies the
problem of organizes a physics course into understandable units.

Inquiry Based Science Education (IBSE) has been proposed as a teaching and learning strategy that will not
only increase the motivation and involvement of students and teachers in science studies, but one that will
also develop high level cognitive skills.

Recent investigations have established the importance of metacognition in the acquisition and application of
learning skills. (Panaoura, et al., 2009; Alexander et.al, 2003). Metacognition is associated with planning,
monitoring, evaluating and repairing performance while metacognitive strategies guide students to think
before, during, and after a problem solution. It begins by guiding students to plan for selecting the
appropriate strategy to accomplish the task, and then continues as they select the most effective strategy
and afterward evaluate their learning process and outcomes. Metacognitive strategies according to Piaget’'s
cognitive development stages (1970) require abstract thinking that students become proficient in when they
reach the formal operation stage (12 years and above). Although the concept metacognition has been
defined in numerous ways, Sperling et al. (2004) suggest a focus on its component parts, which are self-
appraisal, knowledge about cognition and regulation of cognition (Fernandez - Duque et al., 2000).

The aim of the article is to investigate the impact of the Computational experiment (CE), -Inquiry Based
learning environments-developed using Easy Java Simulator(EJS) to: a) the learning performance b) the use
of modelling construction indicators as suggested by Hestenes (1999), namely systemic structure, geometric
structure, temporal structure and interaction structure and c) metacognitive skills through Inquiry Based
Science Education(IBSE) environments that include the Computational Experiment as essential ICT tool.
Forty, pre-service engineering students, participated in the research during the course “Pedagogical
applications of ICT”, implemented at ASPETE, as part of the regular undergraduate curriculum. Students
were exposed to a number of computational experiments designed by the author, while during the course
they developed their own computational applications. The results of the experiment show that Computational
experiment (CE) favours the development of metacognitive skills and the use of the modelling indicators as it
was evident by applications developed by the students.

Keywords: Inquiry Based Science Education, Computational Experiment
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The learning and teaching of energy has been a rich field for research among students ranging in age from
elementary school through university. Many proposals for how to teach the subject have been guided by this
research. In a Symposium at GIREP 2008 in Cyprus, several researchers presented findings with implications
for teaching energy concepts. One outcome of the Symposium was the conclusion that no clear consensus
exists on the structure of a vertically integrated curriculum for teaching energy. A Workshop was held at
GIREP 2010 with the goal of making progress toward the challenge outlined above, specifically to make
progress toward a unified, research-based view of which energy topics should be taught at which educational
level. Since that time a Topical Group on Energy was formed within GIREP. In this set of symposia,
researchers from Greece, Italy, Germany, the United States, Israel, Portugal and the Netherlands will report
on progress they have been making on the many problems associated with teaching and learning the concept
of energy. Symposium speakers will describe their own investigations and place their findings within the
context of the goals of the GIREP Working Group. Part I will focus on teaching energy to pupils in preschool
and in primary school, as well as strategies for teacher formation. Part II will continue by examining the
challenges of teaching the concept of energy to older pupils, in high school and university. Part III will focus
on the engaging students in thinking about energy issues in their own lives and the historical development of
the concepts.
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Easy Java Simulations (EJS) is an authoring tool written in Java that helps to create interactive simulations in
Java, mainly for teaching and learning purposes. By means of this tool, instructors can easily create virtual
and/or (if they also use the appropriate additional software) remote laboratories. While virtual laboratories
are based on mathematical models, remote ones use real equipment and so, the experiments are carried out
in the reality.

Learning Management Systems (LMS) are software for web applications oriented for the administration,
documentation, tracking, and reporting of e-learning programs. Moodle is a free source LMS with more than
57 million users, which makes it the most used LMS around the world. Like some other LMS, the stated
philosophy of Moodle includes a constructivist and social constructionist approach to education, emphasizing
that learners (and not just teachers) can contribute to the educational experience.

Virtual and remote laboratories (created with EJS, for example) as well as LMS (Moodle, for example) offer
different but fundamental educational tools to both teachers and students. However, although these
resources are complementary (and not mutually exclusive), the integration between them is still an open
issue that must be addressed. Therefore, an e-learning program should offer both kinds of tools to be
considered a complete experience for students.

UNEDLabs is a web portal that gathers together the two previous resources, offering an e-learning program
based in: 1) experimentation (thanks to the use of the virtual and remote laboratories) and 2) theory
documentation provision, social interactivity and easy management (thanks to the use of a LMS).

Nowadays, UNEDLabs offers two courses; one in Control Engineering and in the other one in Physics. Both of
them offer three experiments which are available in the two possible versions: virtual and remote. The
Physics course is still growing and new experiments are added every year. Right now, the three available
ones are a motorized rotatory laser for studying the light in isotropic media, a motorized optical bench for
determining the focal length of a thin lens, and an experiment with three springs related to Hooke’s law.

Not only all the EJS laboratories in UNEDLabs are added and integrated into the Moodle web portal in a very
easy and natural way, but they also acquire special functionalities they lack when used outside this LMS. One
of these functionalities is the capability of saving and/or loading files to/from the private files repository in
Moodle. Another one is the possibility to create collaborative experimental sessions with other users of
Moodle who are enrolled to the course the EJS lab belongs to. Finally, EJS labs in Moodle can be
administrated exactly in the same way as any other Moodle resource or activity, meaning they can be
updated or deleted; their access can be restricted to a certain group of users or to users that have previously
fulfilled some steps or conditions; security copies are automatically performed during Moodle’s system
backups, etc.

Keywords: Learning management systems, virtual and remote laboratories, multimedia, e-learning, physics
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environment: a first step to grasp the special relativity
Clément Maisch, Cécile De Hosson, Isabelle Kermen
Laboratoire de didactique André Revuz, université Paris Diderot - Paris 7, Paris, France

Aim of the study and rationale

This presentation will set out the results of an exploratory study aiming at appraising what the users of a
virtual environment understand when they see macroscopic objects moving at speeds close to that of light c.
The observation of effects explained in the framework of special relativity (SR) on mundane objects is
impossible. Virtual reality (VR) enables to visualize those effects by means of a 3D immersive environment in
which the speed of light can be reduced to usual values. Taking into account the difficulties usually
encountered by students (Hewson, 1982; Scherr et al., 2001; Villani & Pacca, 1987; Author 2 et al., 2010) a
learning scenario was designed and implemented in this environment in order to determine the way users
reasoned about these effects.

Theoretical framework and research problem/question

In this scenario we focused on the concept of “event” as defined by its coordinates in space and time in a
given reference frame. The perception of an event (e.g. emission of light) by an observer depends on the
time taken by the light to travel from the location of the event to the eyes of the observer. Thus the signal
travel time will impact the observations of the users immersed in the environment. In everyday life the light
signal travel time does not matter because it is close to zero whatever the location of the emission of the
event. But when the students take it into account, they consider that the order in which two events occur is a
consequence of the order in which these two events are perceived as if causality would apply from future to
past (Author 2 et al., 2010). In our environment the signal travel time cannot be neglected (c is fixed to
1m/s), thus mundane objects are not seen as in everyday life. The simulator we designed takes into account
the relativistic effects (simulation algorithms based on Lorentz transform, Doat et al., 2011) and also those
due to the light propagation. Then we make the hypothesis that the users of our simulator will take into
account the time delay between emission and perception in a relevant way.

Methods and participants

The situation implemented in the simulator is a carom billiard in which two pucks move with velocities close
to the speed of light (c is fixed to 1m/s). Five users were immersed in the simulator and had to explain what
they saw when confronted to the following situations. The first one focuses on the instant of the impact of
two pucks with a band. The second one pinpoints the apparent speed of the pucks. The third one concerns
the shape of the pucks. Their explanations were audio-recorded and transcribed. We undertook a lexical
analysis searching for some specific conceptual elements that we consider as key points for the users'
understanding. These elements are the following: a) the incoming of light in the eye, b) the finite nature of
the speed of light, c) the distance between the pucks and the user, d) the object discretization (a set of
points as punctual sources of photons), e) the geometrical relativistic effects explained by the Lorentz
transform. We searched the instants of their arising during the users’ immersion in the environment.

Finding and results

By looking at the instants of emergence of the conceptual elements in the discourse of each user, we
detected which situations favour the emergence of the conceptual elements that allow a relevant
interpretation of the situation. Thus users were able to use firstly the conceptual elements a, b and c in
phase 1 and then in the other phases again. They used the conceptual element d in phase 3. Lastly the
conceptual element e was not used in any phase. These results indicate users need to be confronted to
specific situations to use reasoning in which emission and reception of light must be described as punctual in
space and time.

Conclusion and discussion

As a conclusion the immersion of users in the 3D environment where they are confronted to relativistic
phenomena favours lines of reasoning that take into account the light travel time and the arrival of light into
the users’ eyes

Doat, T., Parizot, E., & Vézien, J.M. (2011). A carom billiard to understand special relativity. Virtual Reality
Conference (VR), 2011 IEEE. Singapore.

Hewson, P. W. (1982). A case study of conceptual change in special relativity: The influence of prior knowledge in
learning. European Journal of Science Education, 4 (1), 61-78.

Author 2, Author 3, & Parizot, E. (2010). Exploring students’ understanding of reference frames and time in
Galilean and special relativity. European Journal of Physics, 31 (12), 1527-1538.

Scherr, R., Schaffer, P., & Vokos, S. (2001). Student understanding of time in special relativity: simultaneity and
references frames. American Journal of Physics, 69, 24-35.

Villani, A., & Pacca, J.L.A. (1987). Students' spontaneous ideas about the speed of light. International Journal of
Science Education, 9 (1), 55-66.
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Science at School at a Distance of a Click
Rosa Doran?, Telma Esperanca?, Jodo Fernandes?

!NUCLIO - Nucleo Interactivo de Astronomia

2Astronomical Observatory of Coimbra

The field of science education is a continuous challenge to educators around the globe. New technologies, in
this fast changing digital era, are opening the way to learning trajectories based in the use of real research
methodologies. At the same time educators in schools around the world are fighting the lack of interest on
the part of young generations. This fast growing gap between the available tools and resources and the
demand of science knowledge on the part of students must be quickly addressed. Educators must be
prepared to engage in a totally different approach for science teaching. A new era of tools, adapted to
classroom curricula is emerging. Science empires are opening their database and producing user friendly
interfaces to be used in schools.

In this presentation we will discuss the approach being adopted by the Discover the Cosmos consortium (an
European Commission funded project) to engage students and teachers in research based science education.
Participants find in this project a place to discuss their needs and limitation as well as an open dialogue space
to share their vision and ideas. Members of different communities are gathering around Europe to design a
new model for the road ahead. Facilities like CERN are contributing by making their repositories available to
this mission. Robotic Telescopes are integrated in the proposed resources and exercises integrating the
science method, while using new technologies, are a key part of this proposal.

The new era of education is clearly emerging where educators have to assume the role of tutors of this fast
growing digitally skilled generation. The possibility of science discoveries are now at a distance of a click,
students must assume this responsibility.

Keywords: astronomy, education, cern, discover the cosmos
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Using Technology to promote student learning inside and outside the

classroom

Taha Mzoughi
Department of Biology and Physics, Kennesaw State University, Kennesaw, GA, USA

For non-majors, introductory physics courses are often touted as some of the hardest college courses. The
difficulty is partly due to the complexity of some of the abstract concepts covered in these courses and to the
total number of concepts that are crammed into the curriculum. Research shows that promoting active
learning (AL) can help make these courses more successful (Hake 1998). This project focuses on an AL
method focusing on an extensive use of technology. The course follows a hybrid format where learning
occurs both inside and outside of class. This format is similar to what is now labeled in some circles as the
“flipped classroom” (Rundquist 2012.) Lectures are provided online in the form of lecture recordings. Class
time is the used to work on problems, answer student questions, engage in hands-on activities, have
students engage in discussions and sometimes explore related topics that students find interesting.

The genesis of the project arose from the interest students have shown in recordings of in-class lectures that
the author had been providing in support of the courses he taught. (Liang et al., 2000. Mzoughi, 2003a, b).
Students had access to a video recording of the computer screen used while the author lectured. They
included videos, animations, interaction with simulations, static slides, cursor actions, and digital ink. Digital
ink was generated whenever the author used a stylus to write over the PowerPoint slides on the Tablet PC
screen he used. The audio included the sound generated by the computer software as well as the sound
captured by the computer microphone. The quality of the sound was good only when the speaker was close
to the microphone. Student questions were often inaudible. Students were able to navigate through the
recording with the provided fast-forwarding and rewinding video viewing controls as well as an automatically
generated table of contents.

In the current format students are provided with a list of short, concise concept recordings (CRs). Each of the
CRs focuses only on one concept and might include simulations and videos as well as instruction. Some of
the CRs focus on detailed, step by step solutions to example problems. The CRs are supplemented by online
guiding quizzes (GQs). The GQs consist of simple questions designed to help students navigate and
understand the content of the CRs. Furthermore, students are asked to submit a list of the concepts that
they have recently learned as well as a list of the concepts they still find difficult. These are also submitted
online as “Reflections”.

Using an adaptation of the Just in Time Teaching (JITT) strategy (Novak, Patterson, Gavrin, Christian, 1999),
the instructor reviews the results of the GQs, Homework (which is also submitted online) and Reflections
before going to class. This review helps the instructor identify the areas that the students found difficult and
plan the in-class time accordingly. The in-class activities can still include peer instruction strategies,
interactive lecture demonstrations, ranking task questions, use of simulations, lecturing, in-class lecture
recordings, and any method the instructor finds helpful in promoting student learning.

The paper will present details about the strategies used in this format as well as survey and anecdotal results
from its implementation in several introductory physics courses.

Hake, Richard R., "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).

Liang, J., Mzoughi, T., Li, Q., (2000). A Web-Based Homework Environment Providing Students with
Feedback, Incentives and Interactivity, Proceedings of WebNet 2000-World Conference on the WWW and the
Internet, ed. by Gordon Davies & Charles Owen, Association for the Advancement of Computing in Education.
Fall 2000.

Mzoughi, T. (2003a). PERC - A Departmental Solution For Web-Enhanced Courses, proceedings for the Sixth
International Conference on Computer-based Learning in Science (CBLIS 2003), ed. by Constantinos P.
Constantinou and Zacharias C. Zacharia, 596-626060 (2003)

Mzoughi, T. (2003b), “Using Locally Developed Tools for Providing Web-Enhanced Courses: Advantages and
Limitations” proceedings for the Tenth Syllabus Conference (Syllabus 03), July, 2003.

Novak, G. M., Patterson, E. T., Gavrin, A. D., Christian, W. (1999) Just in Time Teaching: Blending Active
Learning with Web Technology, Prentice Hall, Upper Saddle River, NJ, 1999.

Rundquist, Andy, " What is the Best Use of Class Time? Exploring the Issues of the Flipped Classroom," 2012
Physics Teacher Education Coalition Conference: New Paradigms for Physics Teacher Education, February 3-
4, 2012; Ontario, California (2012).
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Analysing students’ reasoning in electromagnetism

Katarina Jelicic!, Gorazd Planinsic!, Maja Planinic?

!Department of Physics, Faculty of Mathematics and Physics, University of Ljubljana, Slovenia
’Department of Physics, Faculty of Science, University of Zagreb, Croatia

Research shows that students' understanding of concepts from electricity and magnetism is often inadequate
after standard instruction based on lectures. Students are often not enough engaged in activities that would
allow them to construct deeper understanding of physics concepts. This approach may lead to deficiencies in
students' knowledge structure. Many concepts are known to be difficult for students, and the concept of
electromagnetic induction is considered one of the most difficult among them. The objective of this research
was to investigate students' understanding and conceptual models of several electromagnetic phenomena,
formed after standard lecture — based instruction in Croatian high schools. The investigated phenomena
included magnetic fields around a steady current-carrying wire and inside coils, force on a current-carrying
wire in a uniform magnetic field, electromagnetic induction and Lenz's law.

For the purpose of this research, a small humber of Croatian high school students, aged 16-17, were
interviewed after they had completed a course on electromagnetism. After having been shown a
demonstrational experiment, students were asked to describe what they had observed and whether they
could explain their observation. Each student was asked to think aloud, so that their reasoning could be
analysed. Students were not corrected if they had arrived at the wrong conclusions. After they had formed
their conclusion and stated that they had nothing to add, the interviewer gave them clues in form of
additional experiments, as an attempt to create situations for students to test and revise their own ideas.
The interviews were recorded with a video camera and transcribed for later analysis. Content analyses of the
reasoning models constructed by these high school students showed a gap between the expected and the
observed lines of reasoning. Students seem to have created their own incorrect models of electromagnetic
phenomena, even though they had just successfully completed a course on it. They had difficulties in
explaining how a magnetic needle works, or why it changes direction when put under a current-carrying wire,
and needed to form their own new model of the phenomenon. They were able to regulate, re-evaluate and
upgrade their model in @ way an expert would do when given clues and asked questions.

This research suggests that standard instruction on electromagnetism may be insufficient for students to
form a correct model of the phenomena and to achieve the right conceptual understanding. Teachers should
be aware of students' incorrect reasoning patterns and try to correct them during teaching.

Keywords: electromagnetism, interview, student reasoning, reasoning model, content analysis
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Transmission of Sine Waves or of Pulses What is easier to understand?

What is more adequate for the digital world?

Hermann Haertel®, Ernesto Martin Rodriguez?

ITAP - Institute for Theoretical Physics and Astrophysics. University Kiel. Germany
’Department of Electromagnetism. University of Murcia. Spain

The topic "Wave Transmission" is traditionally treated in the frequency domain, starting with the harmonic
oscillator and a system of coupled oscillators and leading to solutions of the wave equation and to Fourier
analysis, where the latter allows to describe any kind of pulses as the sum of sine waves. The question is,
how many students are able to understand and master these powerful and demanding mathematical tools
and how many reach a deeper understanding of the underlying processes. Another question is, how many
newcomers with a weaker mathematical background may feel overburdened and may give up, either
switching to other areas of study of or even leaving the university.

Before the development of modern computers there were no alternatives to treat electric transmission
processes but in frequency domain. With modern computers available, such processes, however, can be
treated in time domain and this opens alternative approaches with an added didactical value.

Such an alternative has been developed in the form of program to simulate transmission processes based on

a solution of the telegraph equations in time domain. All relevant line parameters are accessible for change,

like frequency and form of the source, the form of single pulses, the impedance of the line and the resistance
and capacitance of the load. The program allows to simulate and demonstrate a broad spectrum of situations

and processes based on transmission, reflection and superpositions.
It visualizes transmission processes in mechanical systems (single tube and a closed circuit) serving as a

preliminary stage for the main topic: transmission processes on an electric transmission line, where potential

difference and current are indicated along the line in form a separate diagrams.

This program could support an introductory course before consideration in frequency domain with rather high

mathematical demands are presented.

Keywords: waves, harmonic, transient, transmission line,
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Magnetic field nature and magnetic flux changes in building formal

thinking at secondary school level
Stefano Vercellati, Marisa Michelini
Physics Education Research Unit, University of Udine, Italy

Despite the intrinsic importance of electromagnetism and its features in the curriculum in secondary school,
there is still a lack of organic curricular proposals on it even if its learning difficulties were analyzed as
individual learning problems: the concepts of field as a superposition (Viennot & Rainson, 1992), the field
representation (Guisasola et all, 1999), the relation between magnetic field and electric currents, the nature
of field itself (Thong and Gunstone, 2008), the sources of field and the role of relative motion in the
electromagnetic induction (Maloney et all, 2001), the identification of the versus of the induced magnetic
field (Bagno & Eylon, 1997).

To face these problems, the field lines were proposed as conceptual referent for the magnetic field
representation, (Bradamante et al., 2005) but the limit of the field lines is that often they do not highlight
the vectorial nature of the magnetic field as a property of space, related and distinct from other quantities
that, as the force, also describe the interactions.

Context related exploration to identify anchoring concepts in a teaching learning path for the developing of
interpretative formal models are in the background of a Design Based Research focused on a curricular
proposal concerning the gradual construction of a coherent framework for electromagnetic induction that is
aimed to founded the ground of the nature of the magnetic field and its properties as quantities of synthesis
as the flux. The idea of flux had to be built not only on a formal level but also on the conceptual ones,
becoming so a conceptual referent which changes over time produce the phenomena of electromagnetic
induction; otherwise, induction will be only a phenomenon that occurs in correspondences of some actions
losing its formal conceptual interpretation.

The focus of this research work was on the investigation of: RQ1) How did the students build the idea of field
so that it could become an organic entity of reference; RQ2) When and how the concept of field become a
conceptual referent in students’ reasoning; RQ3) which is the role of the experimental exploration in building
formal interpretative models of the electromagnetic induction.

Research based experimentation by means of inquired based learning path in which a gradual grow of the
formal interpretative quantities was integrated with conceptual analysis of the quantities used for the
interpretation of the phenomena. The experimentation of research was carried out by a researcher in two
high school classroom at the presence of the school teachers, than, after a co-planning work with the
researchers, was realized an action-research experimentation held by the teachers alone in one class. Al the
classes involved are grade 13th (students are mainly 18 years old) and the classes are coming from different
types of schools (one classical lyceum, one linguistic lyceum and one scientific technological lyceum). Data
were collected by the written personal worksheets that student use as inquired based tutorial and through
audio recording of the argumentative discussions.

Important results emerge from this experimentation at several levels. On the methodological plane: 1)
criteria, instruments and methods of analysis of the properties of an entity as the magnetic field and its flux
has descriptive and interpretative nature in the phenomenology of the electromagnetic induction, 2) design
of pilot exploration on the properties of the formal entities involved in the phenomena, 3) the identification of
the situations that produce the electromagnetic induction. On the plane of the construction of the formal
thinking: 1) the connection between the field lines representation of the magnetic field and the properties of
the magnetic field; 2) the flux of seen as a quantity which variation in time explain the phenomena of the
electromagnetic induction. On the methodological plan are highlighted the inner path of coherence of the
students’ reasoning and the local process through which the mental models develop in global interpretative
models and on the curricular plane emerge indications on the construction of differentiated learning paths
going through the complex phenomenology of the electromagnetism.
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A semiquantitative treatment of surface charges in DC circuits
Rainer Mueller
Technische Universitat Braunschweig

The simple DC circuit is a basic content of every physics curriculum. One would think that any detail about
this common system is known and well-understood. And yet, as several authors have pointed out, there is an
important gap in the usual presentations of the subject. In the discussion of the Drude model, it is said --
usually without much comment -- that the electrons in a wire are guided by an electric field that is located
inside the conductor and whose direction is parallel to the wire at any point. The origin of the electric field
inside a long straight wire has been discussed first by Sommerfeld. He found that the field inside the
conductor is generated by charges that are located at the surface of the wire. These charges are called
surface charges.

Surface charges play a major role in DC circuits since they contribute in generating the electric field and
potential distributions around the wire. Commonly, it is regarded as an extremely complex task to determine
the surface charge distribution for all but the simplest geometries. It depends on the precise location of all
parts of the circuit. There have been analytical solutions for special geometries and some rather vague
qualitative rules. No general rule for the distribution of surface charges has been given up to now.

In the talk, we will develop a graphical method for the approximate construction of surface charge
distributions in DC circuits. The method will allow us to approximately determine the location as well as the
amount of surface charge for almost any circuit geometry. The accuracy of our semi-quantitative method is
limited only by one's ability to draw equipotential lines. We illustrate the method with several examples. For
students, the determination of surface charges via the construction of equipotential lines may be an
opportunity to practice their corresponding skills. It may lead to a deeper understanding of the basic notions
of electricity.

Keywords: physics, electricity, DC circuits, surface charges
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Analysing motion of falling magnet with video measurement tolls
Tomasz Greczylo
Institute of Experimental Physics, University of Wroclaw, Poland

Analysing motion of a falling magnet with video measurement tools

The experiment with a neodymium magnet falling down inside a conducting copper tube is well known among
physics educators as an example of Lenz’s law and an interesting demonstration of interaction between
magnetic fields of different sources. Sliding a ring neodymium magnet over a length of a conducting rod is an
equivalent, from the physics point of view, to the dropping a neodymium magnet down inside a conducting
metal tube, which have been recently investigated [1], [2]. The presentation shows an undergraduate
laboratory experiment making use of video measurement tools to investigate motion of a ring magnet when
moving over 1 meter long rods with different diameters made of aluminum or copper. To perform the activity
the author used a number of heodymium magnets in a shape of 3,5 mm thick rings with outer diameter of
27,0 mm and inner diameter of 11,4 mm. The videos showing the process of sliding down were covered with
ordinary video camera Fuji FinePix S5500 with a speed of 30 frames per second. The digital movies were
analysed with the video measurement software Coach 6 and results were elaborated with spreadsheet Excel.
Based on equivalent circuit approximation results [3] the author compares observation with a mathematical
model of the phenomena. The process of setting up the experiment and the results of the measurements
obtained within, as well as advantages and disadvantages of the apparatus are described. Possible didactical
uses will also be introduced.

[1 ] D. Featonby, Inspiring experiments exploit strong attraction of magnets, Phys. Educ. 41 (2006) 292-
296,

[2 1 G. Ireson, ]. Twidle, Magnetic braking revisited: activities for the undergraduate laboratory, Eur. J. Phys.
29 (2008) 745-751

[3] J. Iniguez, V. Raposo, A. Hernandez-Lopez, A. G. Flores, M Zazo, Study of the conductivity of a metallic
tube by analysing the damped fall of a magnet, Eur. J. Phys. 25 (2004) 593-604
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Personal touch with electric resistance
Katarina Susman?, David Rihtarsic!, Tomaz Kusar?

!Faculty of Education, University of Ljubljana, Ljubljana, Slovenia
2Primary School Mokronog, Mokronog, Slovenia

In the primary school physical education the electricity is one of the topics that is abstract and often difficult
to visualize. When introducing the concepts of resistance and conductivity to students - usually through
Ohm’s law - a resistor is used. Students check it by measuring the electrical current through and voltage on
the resistor. Since resistor has a linear dependence of the current on the voltage, the resistor is one of the
most used electronic elements in the school. Although it possesses suitable properties it is still an abstract or
“black-box” element as students are not able to observe its properties directly. The concepts of resistance
and conductivity as well as the electric currents in general are therefore often additionally illustrated with the
hydraulic analogy. With ambition to bring the concept of resistance closer to students an alternative or
supplementary device for visualization the effects of resistance is presented in this contribution.

A simple electronic device is a “detector” of resistance that can be introduced to school as a means of an
experiential learning [1]. The simple electronic circuit composed of two NOT gates with Schmitt-trigger input,
2 LEDs, capacitor, resistor, some wires and 4,5 V battery students can produce by themselves and further on
use it. The diodes in the detector alternatively emit light. The frequency of blinking LEDs depends on the
resistance or conductivity in the circuit. Larger frequency indicates better conductivity. Since we are using
the resistors in range between 200 and 500 kQ -which are in range of resistance of human body - the
students not only have the opportunity to experiment with different combinations of resistors, but also have
the opportunity to become one. They can represent the resistor with their own body and even form series
and parallel connections. The experiment can go even further, for example, they can also observe the
influence of skin moisture on the conductivity.

Using this simple device many additional problems can be introduced. When students observe the influence
of the skin moisture on the conductivity, they start to comprehend the basis of the devices such as lie
detector, stress detector etc. If in the circuit a thermistor is used instead of a human body, the frequency of
the light signal is changing when the temperature is changed. This method of encoding data is called
frequency modulation (FM) which is widely used in communication technology.

The described electronic circuit is a device that can be used at different school levels from primary up to the
higher education [2]. The examples of use preliminary tested among twenty 1st year physics students
(future physics teachers) and eight primary school students of age 12-14 will be presented and discussed.
[1] Charles Platt, Make: Electronics Learning Trough Discovery, O'Reilly Media /Make, November 2009.

[2] Rihtarsic, D., Santej, G. and Kocijancic, S., Promoting engineering studies through summer camps of
electronics and robotics, Proc. 2nd WIETE Annual Conf. on Engng. and Technol. Educ., Pattaya, Thailand, 64-
69 (2011).

Keywords: electricity, electronic circuit, human body as a resistor, experiental learning
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Experiments with a non-traditional charge indicator

Leos Dvorak!, Gorazd Planinsic?

!Dept. of Physics Education, Faculty of Mathematics and Physics, Charles University in Prague, Czech
Republic

2Faculty for Mathematics and Physics, University of Ljubljana, Slovenia

The purpose of this contribution is to provide classroom ideas for teaching electrostatics at high school and
introductory university level. The experiments presented here use a simple low-cost device with three bipolar
transistors that can detect charges in electrostatic experiments. Former version of such indicator was shortly
presented at GIREP seminar several years ago [1], improved version and explanation of its behaviour is
described in recent article [2]. It was checked at several occasions (see for example [3]) that teachers
themselves can build the indicator in a short time and that they quite admire its simplicity and basic function.
Apart from basic experiments that demonstrate the interaction at distance and determine the polarity of
charged plastic and glass rods, the indicator can be very useful in a number of interesting experiments in
teaching electrostatics. For example, it is possible to demonstrate how a person is charged after taking off a
pullover (and how the pullover is charged in this case), find the polarity of charges when charging objects by
electrophorus, demonstrate the charges of water drops in water drop electrostatic generator and even
charging by ions produced by the air ionizer. These experiments will be discussed in the contribution. Also,
some variants of the indicator will be discussed as well as the robustness of the indicator, which is an
important issue for real use in classrooms. The other practically important characteristic of the indicator that
will be mentioned is its sensitivity; it will be shortly described how it may be measured and analyzed
theoretically at introductory university level.

The low price of all components (less than 0.5 USD in total) could make the indicator one of suitable tools for
teaching about electricity in developing countries. Moreover, its simplicity, some interesting features and a
range of applications can make it useful for physics classes, labs or some student projects also in other
countries. Such possibilities will be also briefly discussed in the contribution.

References:

[1] Dvorak L.: Informal Physics Education and Teachers’ Training - Some Examples and Experiences. In:
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Nonlinear optical second harmonic generation as an advanced

undergraduate experiment
Ivan S. Ruddock
Department of Physics, University of Strathclyde, Glasgow, United Kingdom

Second harmonic generation is the archetypal nonlinear optical phenomenon and occurs when a laser beam
incident on certain transparent crystals is converted into another beam of double the frequency or half the
wavelength. There are many other nonlinear optical processes including sum and difference frequency
generation, higher order harmonic generation, four-wave mixing and optical phase conjugation, the optical
Kerr effect, stimulated Brillouin scattering and stimulated Raman scattering, but second harmonic generation
was the first to be demonstrated soon after the invention of the laser in 1960. It is also commercially
important with frequency doubled infra-red lasers such as Nd:YAG being the usual sources of powerful visible
light both continuous wave and pulsed. The design and operation of a wide range of existing and potential
optical devices can also be understood in terms of the concepts of nonlinear optics including the optical
parametric oscillator and white light continuum generation in optical fibres. Second harmonic generation
makes an ideal experiment for an advanced undergraduate physics laboratory because it contains within it
the important elements of nonlinear optics, i.e. the nonlinear dependence of the generated intensity on the
incident laser’s intensity, and the need for phase-matching in which the incident and generated beams travel
with the same phase velocity. Unfortunately, illustrative examples are rarely found in undergraduate
laboratories on account of the misplaced assumptions that the necessary equipment is expensive and that a
high power laser is required along with attendant safety concerns. Surprisingly, second harmonic generation
can easily be performed with milliwatt power He-Ne lasers or equivalent and home-grown crystals. In the
University of Strathclyde’s Department of Physics, the setup is provided in triplicate in recognition of its
status as a core topic that all students should perform.

In this paper, the second harmonic generation experiment as performed in an undergraduate teaching
laboratory is described and typical results presented to show its relevance to lectures in optics, laser physics
and instrumentation. The topics covered are (a) the dependence of the second harmonic power (at 316.4
nm) on the fundamental power (at 632.8 m) as a demonstration of the nonlinearity of the phenomenon, (b)
the dependence of the second harmonic power on the laser’s propagation direction in the crystal in the
vicinity of the phase-matching direction as an exercise in birefringence and refraction, and (c) the
dependence of the second harmonic power on the laser beam’s spot size in the crystal as an exercise in
Gaussian beam optics. In performing the experiment, students also gain experience of handling and using
lasers, photomultipliers, optical filters, oscilloscopes and amplifiers.

Keywords: laboratory experiment, nonlinear optics, second harmonic generation, crystals, lasers
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The Effects of Instructor Autonomy Support on the Quality of the Student

Experience in Introductory Physics
Nicholas Hall, David Webb
Department of Physics, University of California, Davis, United States

Theoretical Framework: We investigated the role of autonomy in the student experience in an undergraduate
introductory physics course from a self-determination theory perspective. Self-determination theory
comprises several mini-theories, including Basic Psychological Needs Theory which holds that autonomy is an
intrinsic, universal need essential for the psychological health and well being of an individual and that
motivates an individual (Deci & Ryan, 2002). Context and Research Questions: Black & Deci 2000 (hereafter
BDO0O0) investigated the role of instructor autonomy support on the student experience in a college level
organic chemistry course, where instructor autonomy support means taking the student’s perspective,
acknowledging the student’s feelings, and providing the student with opportunities for choice. This study
builds on that of BD0OO by performing an independent check of their results within the context of an active-
engagement introductory physics course. Specifically we tested the hypotheses that instructor autonomy-
support as perceived by the students correlates positively with performance, increases in autonomous
reasons for studying physics, and adjustment (i.e., increases in interest and confidence and decreases in
anxiety). We then move beyond BD0O by performing a controlled experiment to investigate the effects of
increasing the number of in-class choices and options provided to the students through the course format.
METHODS: This study was carried out in a 330-student introductory physics course for undergraduates in
the biological sciences at the University of California, Davis. Students, in this course, attend one 80-minute
lecture and two 140-minute discussion/labs each week. The 30 students in each discussion/lab work in small
groups at group chalkboards. Group work is interspersed with student presentations of their work and brief
whole class discussions are led by the discussion/lab instructor.

We measured instructor autonomy support, as perceived by the students, with a questionnaire completed by
the students at the end of the course. We measured student performance with quizzes and exams. We
measured student adjustment and changes in autonomous reasons for taking physics with questionnaires
completed at the beginning and end of the quarter. We tested for the dependence of instructor autonomy
support on performance, adjustment, and changes in autonomous reasons for taking physics.

We also investigated the effects of autonomy built into the course format. We compared a control group of
discussion/labs in which students worked through a series of activities to a treatment group of
discussion/labs in which the second half of each class was open to the students to choose how to apply
covered concepts. Students in the treatment group were provided with various options but were also
encouraged to come up with their own applications of the concepts of interest to them.

FINDINGS: We found that students who perceive their instructors to be more autonomy supportive tend to
adjust better to the course (i.e., become more interested and confident and less anxious) and develop more
autonomous reasons for studying physics. Instructor autonomy support does not, however, correlate with
performance. We found from the controlled experiment that increased opportunities for choice built into the
course format did not lead to significantly different performance, adjustment, or changes in autonomous
reasons for studying physics.

DISCUSSION and CONCLUSION: The majority of the BD0OO results from a course in organic chemistry
carry over to the active-engagement introductory physics course of this study, suggesting that these findings
are not highly dependent on content. Also, whereas instructor autonomy support as perceived by the
students did not play a significant role in student performance, it is significantly correlated with the overall
quality of a student’s experience. The finding that high autonomy support is correlated with more positive
student feelings (e.g., higher confidence, lower anxiety) suggests that teaching methods that provide high
levels of instructor autonomy support may be preferable.

We conclude from the controlled experiment that the number of opportunities for choice built into the course
format plays a far less important role in the student experience than the level of autonomy-support students
perceive from their instructors. Also, while providing students with more choices as to how to spend their
class time did not improve their performance, it did not hurt it either, suggesting that students are capable of
making sensible decisions regarding the activities that lead to their own learning in this environment.

Keywords: Autonomy, Motivation, Interest, Confidence
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A Literature Review of Affective Variables in Physics Education: What Are

The Affective Needs of Learners?
Zeynep Tugba Kahyaoglu
Secondary Science and Mathematics Education Department, Middle East Technical University, Ankara, Turkey

The cyclopedic education dictionary (1998) defines affective domain as “an area of learning that concerns
itself with feelings, beliefs, and values.” In last decades affective domain in science education has been given
more importance because of not only its links with cognition but also of alarming situation of students’ low
attitudes towards science learning that results in decreasing choice of science career. Moreover, some
educators argue that long term outcomes of an education process -affective changes- are a more important
goal of education than cognitive changes. Obviously providing students with better motivation in science is
an important point for training innovations making scientist, engineers, and doctors in the future.

Affective domain related researches in physics education are not so common when compared with other
science branches (Glngor, Eryllmaz and Fakioglu, 2007). However, affective aspects of physics learning is a
big barrier for learners since literature supports that physics is not popular and negative affective variables
affects students’ both success and career choice in physics. Researches (Kubli; Lehrke; Lehrke, Hoffmann, &
Gardner; Dengler; Rosenthal as cited in Fischer and Horstendahl, 1997) revealed that physics is one the less
liked subjects. And, high school students reported that they attribute their failure in physics mostly to not
loving physics and not having aptitude for achieving physics (Kahyaoglu & Simsek, 2010). Furthermore, the
common views of secondary school students about physics are that physics is ‘difficult’, ‘irrelevant’ and
‘boring’ (Williams et.al., 2003). Those findings imply us that not only the cognitive aspects but also the
affective aspects of physics instruction should be considered and defined and in continuation the
corresponding needs should be tried to be meet by educators.

Purpose of this study was to make a literature review about the affective variables in physics education and
prepare a paper of compiled results which gives implications to educators about what are the students’
affective needs while learning physics. Major affective variables such as attitudes, interest, motivation, self
efficacy beliefs, goal orientations defined by literature were chosen as key words for this study. The
combinations of these key words with physics learning/instruction/teaching were searched within
International Dissertation Abstracts, Social Science Citation Index (SSCI), Educational Resources Information
Center (ERIC), Ebcohost, and with Google search engine, Internet. The achieved literature was studied to
compile general results and implications about general status of students’ affective characteristics and their
affective needs while learning physics. By this way researchers would consider how a physics instruction
should be to meet students’ affective needs.

Literature review revealed that although motivation in physics is likely to increase physics achievement of
students we have problems about this issue. Students have more negative attitudes towards and less
interest in physics as the grade level increases and possible reasons of this situation are asserted as
irrelevancy of physics and low value related expectations. On the other hand, literature review on affective
variables in physics learning has shown some common points to be considered while designing a physics
instruction. It was found that social interaction, students’ being active in class and establishing relevancy of
content are suggested solutions to provide better motivational results in a physics instruction. Therefore, we
can conclude that learners need a motivationally supported physics instruction that brings together their
active involvement, their social interaction and making experiments.

Physics is one of the lessons which need students’ motivation providence most due to students’ common
negative affective characteristics about it. Moreover, affective characteristics of students towards learning
physics might add many values to their learning process different from merely achievement. Therefore this
review would help researchers to see which affective variables would be taken into consideration while
designing an effective physics instruction.

Keywords: Affective Variables, Motivation, Physics Education
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The need to encourage FET Natural Science Teaching Profession students

at university to study Physics as a major
Itumeleng Phage
School of Teacher Education. Central University of Technology, Free State

Students at tertiary level have not been up to scratch with Physics learning hence the all time poor or low
number of Physics graduates in general. Universities are of course producing graduates in Natural Science
and related fields including for the teaching profession but majority of them did not specialize in Physics.
When we look at Further Education and Training (FET) or High School curriculum or syllabus, we find that
Physical Science composed of Physics and Chemistry of equal weighting in final assessment, divided into two
separate papers written at separate times, is one of the subjects.

Most teachers are comfortable with chemistry and as a result Physics section suffers. Students at
matriculation or Grade 12 level end up not doing well in Physical Science in general due to poor performance
in Physics and hence their results in this subject have been all time low. This has been a syndrome that has
purported students not to be interested in careers in Science and ultimately more specifically in careers or
courses or programmes in or involving Physics including teaching. Most students at university will study
Physics at First year level because it is a prerequisite for other majors or is compulsory at first year.

As a result they end up doing it for the sake of passing it in order for them to be able to able to do their
majors or just to pass it, i.e. it is compulsory subject in the form of ancillary subject or module and or it is a
prerequisite to other subjects or courses of their choice. They end up lacking or not having conceptual
understanding and knowledge of it. The majority of students cannot even notice or recognize the application
or use in their learning fields or courses.

This paper seeks to investigate possible ways by which if Physics is studied at university, the country will not
be faced with a crisis of Physical Science teaching in schools with particular reference to Physics. The
teaching of Physical Science suffer and the resulting low results at matriculation or Grade 12 and most
probably from the lower Grades is due to the phobia educators have with the teaching of Physics section,
which comprises 50 % of the student’s mark in his or final Physical Science mark.

If these, the possible ways to stimulate the study and teaching of Physics from high even primary or middle
school to tertiary level are designed, implemented and practiced properly students studying towards Physics
careers will increase tremendously. The integration of both methodology and content teaching and learning in
Physics will enhance the pass rate in Physical Science at high schools which will be escalated in Science in
general, Engineering and Technology Fields or studies at tertiary level or university. Science teachers in
schools just need that motivation and confidence to teach the subject at ease. With this knowledge and skills
in Physics imparted well at schools, the country will not be marginalised in terms of shortage of scarce skills
careers.

Keywords: Specialise in Physics, Matric Physical Science, Science Teaching conceptual understanding and

knowledge, integrate, methodology, scarce, skills, motivation, confidence, escalate, ease, high schools,
curriculum, syllabus
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Fostering better engagement among male and female students in the

physics laboratory
Simon Langlois?, Guy Corriveau?
!cégep Marie-Victorin

2Collége Shawinigan

Teachers observe it every day and research shows it more and more clearly: male and female students
engage differently in their studies and in class. Since, in general, female students respond more easily to
academic requirements in a traditional learning context, we wanted to see if a new approach in the physics
laboratory would have a favourable impact on the engagement of both genders, and in particular on male
students.

Within the scope of a research project conducted at College Shawinigan over a two-year period, we studied
the impact of two types of experiments in the physics laboratory on the engagement of students in the
Natural Science program: traditional closed experiments in which the process is directive and defined by the
teacher; and open experiments in which students participate more actively in the different stages of the
activity.

Our results suggest that both gender present better engagement with open experiments. We will discuss that
even if female students get better grades in open experiments, boys are the ones to be more cognitively
engaged. Also, we will propose a general model of cognitive engagement in physics laboratory.

Keywords: Physics laboratory, cognitive engagement, gender, open experiments
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Context-based physics education and learning with newspaper based and

other authentic learning problems: An empirical study

Andreas Miiller!, Jochen Kuhn?, Patrik Vogt?

lUniversity of Geneva (CH) /Fac. of Science/Physics Dept. and Institute of Teacher Education
2University of Kaiserslautern (Ger)/Department of Physics/Physics Education Group

Context-base physics learning (CBPL) has a long-standing tradition and is considered as a highly promising
approach in current physics (and more generally, science) education. Drawing on good practice reports from
teaching approaches in physics and neighboring subject matters [1], as well as on science education
research [2], [3], the present contribution investigated learning with physics tasks and problems based on
newspaper articles and the real-life contexts provided by them. The positive effects reported for CBPL are,
among others, that it fosters motivation and learning in general, and some specific components of these in
particular, such as authenticity of otherwise “dry” subject matters, and transfer of acquired knowledge.

With this background, the rationale of the present work is twofold, viz. an approach taking advantage, on the
one hand, of the educational potential of context-based science learning by using, on the other hand, easy-
to-have, and easy-to-adapt learning materials, such as newspaper based physic problems (thus facilitating
classroom implementation). The ensuing research questions are, whether the above-mentioned general
motivational and learning benefits and several important components (among others, on authenticity and
transfer) actually can be found and moreover, whether such potentially positive effects can be established for
more than short-term duration and for a broader selection of learners and learning conditions.

In the presentation, the general research background of CBPE is explained more in detail for some important
features of the present work, such as the particular role of story contexts (see e.g. [4], [5]), and a set of
specific design principles inspired by the instructional approach of “"Anchored Instruction” [6]. Subsequently,
materials and methods of the investigation are described (quasi-experimental repeated measures design,
instruments, validity controls). In particular, instrument choice (from existing, well established instruments
e.g. [7] for physics motivation) and instrument development will be discussed, including validity and
reliability measures (satisfactory values for interrater agreement (Cohen Kappa) on curricular validity of
learning and test material and Cronbach alpha for reliability of all motivation and learning scales were
obtained throughout).

Results are presented for several essential concepts of physics, based on a comparison (N = 911) of
experimental classes (with newspaper story problems) with control classes (with conventional exercises, but
otherwise the same lesson plan, and the same teacher); for details see [8]. There is a significant
improvement of motivation (p < 0.05 in all cases), representing a large effect size (Cohen d up to 1.66). The
same holds for learning including transfer (p < 0.05 in all cases, d = 0.9 and larger.) These effects were
shown to be rather sustainable (similar results after at least two months).

These findings, together with their “classroom usability”, allow to conclude that newspaper story problems
represent a promising form of context-base physics learning. Practical implications and possible limitations of
this conclusion will be discussed, such as possibly small, narrow, and short term effects only (shown not to
occur), and effects on higher order competences, such as problem solving. As an outlook, research
implications and possible generalisations of the present research framework will be discussed, such as to
other competences (as just mentioned), to other types of authentic learning media (e.g. advertisement
problems), and to other subject matters.

[1] Jarman, R. & McClune, B. (2007). Developing Scientific Literacy. Using News Media in the Classroom.
Maidenhead: Open University Press.

[2] Taasoobshirazi, G. & Carr, M. (2008). A Review and Critique of Context-Based Physics Instruction and
Assessment. Educational Research Review, 3(2), 155-167.

[3] Bennett, J., Lubben, F. & Hogarth, S. (2007). Bringing Science to Life: A Synthesis of the Research Evidence on
the Effects of Context-Based and STS Approaches to Science Teaching. Science Education, 91(3), 347-370

[4] Fensham, P. J. (2009). Real world contexts in PISA science: Implications for context-based science education.
JRST, 46, 884-896.

[5] Kinkkaya, E., & Bozkurt, E. (2011). The effects of using newspapers in science and technology course activities
on students' critical thinking skills. Eurasian Journal of Educational Research, 44, 149-166

[6] CTGV. (1991). Technology and the design of generative learning environments. Educational Technology, 31, 34-
40.

[7] Hoffmann, L., HauBler, P. & Peters-Haft, S. (1997). An den Interessen von Madchen und Jungen orientierter
Physikunterricht. Ergebnisse eines BLK-Modellversuches. Kiel: Institut fir die Padagogik der Naturwissenschaften
(IPN).

[8] Kuhn, J. (2010). Authentische Aufgaben im theoretischen Rahmen von Instruktions- und Lehr-Lern-Forschung:
Effektivitat und Optimierung von Ankermedien fiir eine neue Aufgabenkultur im Physikunterricht. Wiesbaden:
Vieweg+Teubner Verlag.

Keywords: context based science learning, motivation, authenticity, transfer, newspaper story problems
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The importance of teachers' questions in inquiry-based physics classes:

building categories based on references of the area
Lucia Helena Sasseron, Vitor Fabricio Machado
School of Education, Universidade de Sao Paulo, Brasil

Teachers’ questions are among the elements of classroom discourse dynamics featured in current research
on language and science learning. Mortimer and Scott (2002) point to the importance of teachers organizing
the teaching “rhythm” in the classroom, associating discursive variations in these situations. Such intentions
are divided into 1) creating a problem, 2) exploring the students’ views, 3) introducing and developing the
scientific story, 4) guiding the students in their process of internalizing scientific ideas, 5) guiding students in
the application and increased use of scientific ideas and 6) upholding development of the ‘scientific story’. We
will incorporate this enunciative sense of intention in the categories of questions for inquiry-based physics
classes.

Another point, present in summarizing the meaning of the categories proposed is the profile/type of class we
believe to be productive in terms of learning physics. What we refer to is inquiry-based classes in which the
students solve a problem. We consider this inquiry-based outlook as being circumscribed to science teaching
by means of scientific literacy, i.e., teaching based on a curriculum that leads students to think about a
problem, create strategies and an action plan to solve it, and organize information and knowledge - new or
already acquired - that will enable them to explain phenomena (Sasseron and Carvalho, 2008). Therefore,
what we propose is a classification for teachers’ questions in inquiry-based physics classes that will facilitate
students’ understanding of the functions and uses of science thanks to the intentions implicit in the teacher’s
questions. To this end we used the argumentation cycle proposed by Sasseron and Carvalho (2008) which
has shown that students find an argumentation pathway when developing an inquiry activity. Along this
pathway students: 1) observe data; 2) define variables; 3) create and refute hypotheses; 4) draw up
justifications, 5) forecasts, and 6) explanations.

Finally, we sought three different studies (Penick, apud Clough 2007; Martens, 1999; and Exploratorium,
1996) whose research topics featured classifying types of questions for different science-teaching strategies.
However, we sought to draw up a classification that would be applicable for use as a discourse-analysis tool
in which intentions inherent to the interrogative utterances help students by encouraging them in their
investigation process and in the development of argumentation skills that lead to scientific literacy.
Therefore, when relating the categories of teachers’ intentions to stages of the students’ argumentation
cycle, we see that they point to a close relationship between what the teacher asks and the students’
discursive replies.

Speculation regarding students’ previous knowledge and the intention inherent to creating a problem appear
as a particular moment prior to dealing with the data. The inquiry process is part of an intermediary moment
of contact close to what the students know given the limits of their knowledge in collective participation. And,
a third moment extrapolates that knowledge to another context outside of which it was meant. Based on
these movements, we proposed four categories that can summarize and serve as an analytic base to observe
discursive interactions in inquiry-based classes. The categories are listed below:

Problematization Questions: the questions refer to the actual problem under study or are implicit to that
problem within the proposed inquiry. Problematization reorganizes, reformulates in another way, and returns
to the proposal of the problem. Problematization questions help students to plan and to seek solutions to the
problem. They also explore what knowledge students had prior to solving the problem. They feature the
problem’s demands and enable students to organize the information needed to solve that problem.
Questions regarding data address the data involved in the problem by showing or introducing them, or by
selecting them or discarding the non-variables. They guide students’ eyes to the variables involved, relating
them, seeking a higher degree of precision, comparing ideas, proposing reversions or changes.

Exploratory questions/process — The aim of exploratory questions/processes is to lead students to draw their
own conclusions regarding the phenomena. This may require students to draw up hypotheses, rationalize,
explain, and reach conclusions as means of systematizing their thoughts prior to voicing their own opinion.
Exploratory questions/processes aim to fix in students’ minds that which was learned from the proposed
situation, to lead them to think about the subject and construct a model to explain the phenomenon being
studied, as well as making them review the process whereby they solved the problem, clarifying the steps
taken.

Questions regarding application seek to lead students to apply the concept grasped in other contexts and to
foresee explanations for situations other than that presented by the problem.

Comments on the classification

In this theoretic analysis we noted a similarity between the discursive paths of an inquiry class from the
viewpoint of scientific literacy, and the intentions inherent to the teacher’s utterances within the genres of
discourse represented in the class. Drawing up a new classification of questions enables us to pinpoint an
analytical object for this type of class, offering indisputable relations between the process of lending meaning
to scientific concepts and the discursive route adopted by teachers in their classes.
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Actions and Strategies Elementary School Teachers use to Foster

Argumentation and Scientific Literacy in Inquiry-Based Classes
Amanda Mendes, Lucia Helena Sasseron
School of Education, Universidade de Sao Paulo, Brasil

Our object here is to analyze classroom work aimed at fostering the development of scientific literacy (SL)
and argumentation among students. To this end, two different teachers in two different schools applied the
same investigative teaching sequence to 9- and10-year-old 4th grade elementary school students. We
focused two classes featuring the same activities in each of the two schools using teacher fostered scientific
literacy and argumentation based theoretic references. This allowed us to analyze the teacher’s pro-
argumentation actions as well as the process of scientific literacy development among the students. Our
initial analyses focused on studying student-teacher interactions and identifying scientific literacy indicators
in the course of those interactions. We then analyzed the argumentation-related teaching strategies that the
teachers used when proposing activities and discussion. The results allowed us to compare the performance
of the two teachers in a situation of methodological innovation as well as the results that each achieved. We
noted that the students of school 1 expressed scientific literacy indicators more often and more consistently
as compared to those of school 2. In both schools, the teacher’s actions aimed at fostering student
participation and work with data. Also in both schools, the central topic of the classes was made clear and
the discussions allowed us to state that the central argument under discussion was constructed. The
teachers’ actions led to the differences in results obtained from the two situations. The teacher of school 1
resorts much more to the students’ construction and use of rationales, constantly leading them to assess the
situations they study - a strategy that favors the construction of more complete explanations - while the
teacher of school 2 develops work that leads most students simply to list the information they obtained. In
our opinion, the strategies employed by the teacher of school 1 led the students of that school to use a
greater number of scientific literacy indicators as compared to those expressed by the students of school 2.
That difference in the number of scientific literacy indicators seems to be associated with the fact that the
students of school 1 feel compelled to express their ideas logically using the available data and constructing
relations among those data, while the students of school 2 feel that describing life experiences or actions
carried out is sufficient. We can thus conclude that teachers’ actions are essential in fostering argumentation
among the students. The teachers’ actions not only encourage student participation, they lead the students
themselves to determine the degree of logic and complexity involved in their understanding and construction
of knowledge.

Keywords: Scientific literacy, Teachers' actions, Elementary school
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Teacher education in the context of modern and contemporary physics: an

experience with public system teachers

Maxwell Siqueira®, Mauricio Pietrocola®
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The need for Physics curricular reformulation in High School has becoming more and more evident when is
realized the importance of discussing problems and social issues that cut across new technologies created by
scientific development, which contribute to an effective scientific literacy. From this perspective, the Modern
and Contemporary Physics insertion (MCP) can contribute to some curriculum change, leading more current
content through new methodologies for classroom. But in this process various obstacles are highlighted by
research, such as, the teaching education (Davis, 2003; Siqueira, 2006). Teachers play an important role in
the context of curricular innovations, because they bring the new proposals to their classroom. However,
some innovative proposals do not consider relevant the role of these professionals, ignoring their beliefs and
value, which can be source of obstacles to the innovation implementation. Inserting teachers into research
groups, which work under an innovation perspective can be one way to reduce these problems (Carvalho,
2004), thus, not only they will have opportunities to discuss new materials and teaching strategies, but also
they will bear the riscs and transform their practice (Couso, 2009). In this sense, we investigated four
teachers from public school who participate in a research group, which focus on the insertion of MCP,
highlightening both those relevants aspects from their participation and also the role of the group itself in
this context. For this reason we used a semi-strutured interview, which aimed at raising their perceptions
about their own participation and the constitution of the group in the MCP insertion, as well as their
difficulties and obstacles faced during the implementation. As a result of this interview we drew up three
categories of analysis. Moreover, from their report, it was revealed the key role that the group has for the
implementation of FMC, because it becomes a place of support, as can be seen in the speech of a teacher "If
you have a question, once you bring to the group, many people are thinking. "The factor is a group,
everyone working on that thing [...] led to work with the FM in peace." Furthermore, it was noted that after a
while the group manages itself and that teachers naturally end up seeking an improvement in training
through post-graduate students feel that they can contribute more if they participate actively in research,
reflecting well in their professional development.

Keywords: Curricular Reformulation; Modern and Contemporary Physics (MCP); Teacher Education.
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The Expo-Laboratory "The sound of the Earth, tools, games, harmonies
and rhythms" - an original and effective inquiry approach to discover the

magic of the waves
Occhipinti Susanna
Assessorato Istruzione e Cultura, Dipartimento Sovraintendenza agli studi, Regione Autonoma Valle d'Aosta

The Department of Education of the Aosta Valley, Italy, organizes every year, through the Office of Science
education, an educational project, particularly original and effective, called Expo-Laboratory, combining
exhibits and scientific demonstrations with hands-on activities, with increasing knowledge and complexity.
The aim is to improve the interest towards science, particularly through the use of practical instruments and
tools, in an inquiry approach, involving the largest number of students.

As the Aosta Valley is a mountain region with schools all across the territory, the logistic is an important
factor of success: we have chosen a travelling lab in order to promote the participation of classes, packing all
the materials and setting up the exhibitions in different places, schools or public libraries.

Every year a topic is selected in order to promote cross-fertilization between various scientific and non-
scientific disciplines: biodiversity, year of the Earth, proposed by the international community, or others
linked to events of the year.

This year of tsunamis and earthquakes have suggested the waves as main subject: the topic is "The sound of
the Earth, tools, games, harmonies and rhythms, discovering the magic of the waves” and it has been
realized with the help of the Association of Physics Teachers- Valle d'Aosta and of music teachers.

The educational path runs across physics, earth science, biology and music, using tools coming from the
Regional science centre and from schools’ laboratories: old and new instruments and tools, often forgotten,
poorly known and rarely used are organized in a structured learning path.

Through installations, exhibits and interactive workshops, of high technical level as well as handcrafted
objects, scientific subjects and used instruments are made available to all teachers and to students of all
ages.

The different stations are proposed by students of higher schools to the visiting public in a peer education
approach: students-mediators must be able to propose each topic with the correct scientific language,
making it understandable to public of different age, when we deal with schools, or quality, if we consider
other visitors.

They explain how the waves propagate in different physical means, but also in vacuum and the laws
governing their transmission, reflection, refraction and diffraction, in relation to the various types,
longitudinal and transverse, mechanical and electromagnetic, seismic, acoustic and optical, long and
microwaves. Each effect, noise pollution and Doppler effect, prevention of earthquakes or the structure of the
ear, are well explained.

But they must be able also to propose an inquiry approach, not in a “talk and chalk” lesson, but through an
interactive and engaging pattern.

Part of the Expo-Laboratory is devoted to the transition from sound to rhythm, and to music, analysing
amplitude, frequency and shape of the waves. Different types of musical instruments, professional or playful,
allows students to understand the relationship existing between sounds, deep or acute, and materials.

The Chladni plate allows to visitors to understand symmetries, Theremin enables to “see” acoustic waves, the
ripple tank to explore the geometry of waves, the Chinese bowl to recognise nodes and ridges.

The experience gained over the years confirms the validity of the use of peer education to illustrate and to
mediate the contents and to animate workshops and exhibits: the number of the visiting classes is increasing
over the years: new educational tools are “discovered” and experimented by teachers and the following year
they become of “common use”, while scientific arguments rarely developed become part of the ordinary
school curriculum.

Through this journey teachers will find out unexpected connections between educational subjects, only
apparently distant from each other but in fact closely linked in a scientific educational network; at the same
time students will discover the "magic of the waves”.

Keywords: Expo-laboratory,waves, inquiry approach
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Discover the COSMOS: e-Infrastructures for an Engaging Science

Classroom
Peter M. Watkins
School of Physics and Astronomy, University of Birmingham

The Discover the COSMOS (DtC) is a Coordination Action project (2011-2013) funded by the European
Commission’s Framework Programme 7 and composed of 15 universities, research institutes and centres in
eight European countries and the USA. Its overall purpose is to demonstrate innovative ways to engage
teachers and students in eScience through the utilisation of existing e-Infrastructures in order to help reverse
the declining student interest in science and in following scientific careers. Situated within current re-
schooling initiatives in Europe (Rocard et al, 2007) and beyond (OECD, 2006), the project aims to support
policy development for the realisation of the vision for the science classroom of tomorrow by: a)
demonstrating effective community building between researchers, teachers and students and empowering
the latter to use, share and exploit the collective power of unique scientific resources (research facilities,
scientific instruments, advanced ICT tools, simulation and visualization applications and scientific databases)
in meaningful educational activities, that promote inquiry-based learning and appreciation of how science
works, (b) demonstrating effective integration of science education with e-infrastructures through a
monitored-for-impact use of e-Science activities, which will provide feedback for the take-up of such
interventions at large scale in Europe and documenting the whole process through the development of a
roadmap that will include guidelines for the design and implementation of effective educational and outreach
activities that could act as a reference to be adapted for stakeholders in both scientific research outreach and
science education policy.

Tapping into expertise from frontier research scientific and educational research in formal and informal
science learning, the Discover the COSMOS initiative acts as a vehicle through which Europe’s e-
infrastructures can be exploited fully by providing in an integrated way powerful tools for the effective
introduction of e-Science initiatives in the school science curriculum framed in a pedagogical approach that
promotes inquiry-based teaching and learning. In doing so, it creates a rich repertoire of e-Science
applications that enable secondary school students to experiment with, appreciate and learn how cutting-
edge science works by ‘entering’ the world of:

¢ Particle and high energy physics (HEP) infrastructures at the European Organisation for Nuclear Research
(CERN) including the Large Hadron Collider (LHC) and its dedicated experiments ATLAS and CMS;

¢ Astronomical infrastructures including the Gaia global space astrometry mission, the Faulkes Telescope
Project and the Liverpool Telescope.

The Discover the COSMOS consortium brings together key players in the field of HEP and astronomy
outreach that have invested major efforts over the recent years to introduce frontier research issues into the
science school classrooms in Europe and beyond. The e-Science applications included in the framework of
Discover the COSMOS' educational activities enhance the effectiveness and quality of the teaching and
learning process by employing advanced and highly interactive visualization technologies that offer a ‘feel
and interact’ user experience, allow for learning ‘anytime, anywhere’ and provide personalised ubiquitous
learning paradigms. They have also been tested in different educational settings (schools, teacher training
centres, outreach programmes, workshops, and summer schools) in Europe and beyond and have proven
their efficiency and efficacy as inquiry based resources.

Keywords: e-Science, Inquiry-based Science Education, Engaging Science Classroom, Effective Outreach
Programmes, Pool Talent in Science
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Using Common Formative Assessments with Middle/High School Students

to Inform Pedagogical Approaches for Teaching Scientific Content
Jennifer Esswein!, Gordon J. Aubrecht, II2, Bill Schmitt?

!Department of Physics, Ohio State University

’Department of Physics, Ohio State University Marion, Marion, Ohio

3Science Center of Inquiry, Fountain Hills, Arizona

In the United States, science standards for kindergarten through twelfth grade are being reformed at state
and national levels. As a result, it is becoming increasingly important to conduct real-time research to inform
teaching strategies. As stated by A Framework for K-12 Science Education, which is currently being used to
construct new national-level standards, the United States is falling behind other countries and its own past
achievements in science education; it is imperative that approaches to teaching science are not only
engaging, but also provide the necessary foundations to create a future workforce informed to solve
humanity's current and future challenges. Formative assessments can allow teachers to immediately
understand what is and is not working in their classrooms for the purpose of changing how they teach
various content. Many school administrators do not understand the difference between summative and
formative assessment and actively prevent true formative assessment to occur. The teachers then proceed to
“give them what they want” with no useful effect. This study presents a model, as well as its application, for
the development of formative assessments in the classroom in a rurally located, city high-needs district in
the state of Ohio. The authors wrote formative assessments (CFAs) for the teachers in seven categories:
sixth grade, seventh grade, and eighth grade for the middle school, and physical science, biology,
environmental science, and physics for the high school. Teachers had the opportunity to provide feedback,
the CFAs were changed if necessary, and then they analyzed the CFA at the both the beginning and the end
of the quarter. The emphasis in the analysis was on what student thinking as expressed in writing reveals.
The pretests reveal what students think at the beginning, giving the teacher an idea of what ideas might
already exist, right or wrong; the posttest should reveal to the teacher whether the instruction succeeded.
Results indicate changes not only in the way teachers view their pedagogical approaches, but also in how
teachers consider student personal epistemologies.

Keywords: science standards, formative assessment, modeling
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Students’ conceptions of gravity and gravitation

Siew Lin Lee!, Ramanathan Subramaniam?

!Science Department, Innova Junior College, Singapore

2National Institute of Education, Nanyang Technological University, Singapore

Textbooks often use the terms, gravity and gravitation, interchangeably. For example, phrases such as
acceleration due to gravity and universal law of gravitation, implicitly portray that the key word used is
somewhat different. In other words, whilst gravitation is perceived to be the force of attraction between two
objects, gravity is perceived to be the pull of a celestial body on an object in it. A study was conducted on
Grade 12 (N=180) students to elicit students’ understanding and conception of the two terms. They were
asked to explain their understanding of these two terms. The responses to these two questions were then
analyzed using the grounded theory approach. The students’ responses to each of these questions were
classified into the various categories which emerged from the analysis of the data. The different categories
which emerged were then checked by two experienced physics teachers. They were in broad agreement with
the classification of the categories. Cohen’s kappa and inter-rater reliability for the categories were
determined as well. Results showed that a significant number of students view the two terms differently
while others think they are similar. Cross-over variations of the definitions were also encountered. The
variation in the responses of the students to the two terms can be traced to how textbooks portray these
concepts and also how they are taught in class. Some suggestions for resolving these differences are
suggested as well as implications for teaching.

Keywords: gravity, gravitation, Cohen’s kappa, inter-rater reliability, grounded theory
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The inclusion of environmental issues is an important component of
science education; we developed the course for science teachers, the goal

was to improve the quality of learning of climate by laboratory activities
Jindriska Svobodova, Jan Hollan, Tomas Milér
Department of Physics, Masaryk University, Brno, Czech Republic

Physics based on experimental observations, and learning how to perform and design experiments effectively
is an essential part of physics education. Environmental physics is an ideal interdisciplinary theme for lifelong
learning about the scientific process and the ways in which humans affect and are affected by the Earth's
systems.

We presented here our stand-alone modul of laboratory activities that provides personal experience with
environmental and ecology phenomena.

We tried to compile appropriate activities which can be effective in helping students to construct their
environmental physics knowledge as well as problem-solving abilities.

Our laboratory course was designed not only for students needing an introduction to scientific methods but in
addition it allows training in laboratory techniques on research instrumentation for physics.

Several experiments in lab-modul are designed outdoor that are assumed to promote students interest in
natural environment.

We hope that at the end of this course student will have developed a basic understanding of the following:
Solar influences and heating, Earth's energy budget, Characterization of in the atmosphere, temperature
variation, Moisture and the role of water in stability considerations, The climate system, variability, The
atmospheric issues related to global change.

As a assessment tool we implemented student portfolio. Portfolio is set of reports produced by the groups of
students who work on the inquiry activities. These reports provide a valid source of information about the
students observations, data, questions asked, as well as suggested hypothesis and plans for further
experimentation.

The preliminary course consist of the following activities:

1 Measurement of carbon dioxide and sunlight

2 Measurement of conditions of evaporation.

3 Measurements and calculation of solar irradiation

4 Greenhouse effect demonstration

5 Demonstation of pyrolysis and production of biocarbon

6 Measurement of different surfaces albedo

7 Measurement of atmospheric aerosols and cloud properties

8 Measurement of properties of the atmosphere

Keywords: science literacy, environmental physics
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Environmental Physics
David Gewanter
Physics Department, John Jay High School, Cross River, NY, USA

Deepen the environmental impact of your physics teaching.

The presenter will share successful curriculum strategies and materials developed for both brick and mortar
schools and a blended online environment.

Exploring the physics underlying geology, astronomy, meteorology, and oceanography, students in this
course examine the universe and their place in it. Collaboratively, students identify the social, personal,
political, and economic implications of various problems and solutions, pursuing such questions as "What can
I do to make a difference now?” and “How might what we know about the earth affect our treatment of our
planet?” As students gain experience and deepen their conceptual understanding of physical laws, they use
mathematical expressions of these concepts to model problems and solutions for such issues as pollution and
energy dependence.

MAJOR GOAL: gain essential skills and experience which help create citizens and architects of the future of
our planet.

Projects include the Thermodynamics of Clothing and Designing a Passive Solar House.

Keywords: environment, environmental, solar, energy, thermodynamics, online, blended, learning

87



PS. 03. 09. W

Strand 7: University Physics

Paral | el Session 03.09 Wirkshop

Date & Time: 02.07.2012 / 14:40 - 16:10
Room D505 (4th Fl oor)

Cognitive test as a tool for physics learning
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Network instruments of learning physics allow using all Internet information resources accumulated by
Humanity and learn physics using PCs, tablets and mobile phones at any place and at any convenient time.
Multimedia network instruments are able to create special physics learning space where students:

e get a sufficient amount of information;

e are offered up-to date computer instruments for decision-making;

¢ get physics competences through the use of new cognitive technologies.

Tests can be represented by various means:

e Hypertext with graphics, charts and tables;

¢ Video demonstrations of physics processes and phenomena;
e Simulation of physics processes.

Three types of tasks are usually used:

1. Direct choice;

2. Logic choice;

3. Puzzle choice.

The first task is based on the direct recognition of a physics object, for example, the choice of one object of
30 physics formulas located on one Web page. The second one proposes to finish the sentence with the true
physics statement. Up to nine sentences adding to each other are given on one page. All sentences gathered
together form a final idea of the physics process. In the third type of tasks (puzzle choice), students are
proposed to assemble mental construction (maximum - 7 parts) with the given elements.

Strategy and tactics of testing are changing. The semester is divided into five parts with 3-week step. Four
types of tests are suggested at each step:

1. Physics pre-test;

2. Physics knowledge check;

3. Physics problems solution;

4. Physics experiments simulation.

The first type introduces students the ideology and structure of the control tests. The most tasks in this test
are provided with theoretical explanations appearing in the case of the incorrect answer. The second type of
testes is based on the checking of theoretical knowledge (concepts and formulas).The third type offers the
solution of the problems of various complexities. To our mind, it is acceptable to take 40 tasks (2 and 3) for
1.5 hours. The fourth one usually consists of 10 tasks with physics applets, seven of which are presented in
English and three in the native language.

The control tests are available from Friday evening till Monday morning. One of the most important points is
the amount of the attempts given to students for passing the tests. The minimum amount of the unique
variants in each test formed from a random choice is not less than ten billion, so students can be offered any
reasonable amount of attempts. In our view, it is sufficient to give students 3 attempts.

For students, cognitive tests are intellectual games, and the result is getting competences and real score (in
points) that can be improved by the further attempts. Cognitive technology can combine process of getting
knowledge, skills and a control procedure. Testing becomes a tool of physics learning with such approach. In
our experience, students are ready, able and will working by the proposed algorithm.

It is worth to note that the group of students took active part in the creation of the tests and made essential
corrections of their structure and content.

Keywords: Cognitive test, knowledge, direct choice, logic choice, puzzle choice, intellectual games, physics
competences
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Teaching and learning the concept of energy from early childhood school
through university: PART I
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Organizers:

Marisa Michelini

Research Unit in Physics Education, Department DCFA, University of Udine, Italy, marisa.michelini@uniud.it
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Discussant:

Lillian C. McDermott

Department of Physics, University of Washington, USA, Icmcd@phys.washington.edu

The learning and teaching of energy has been a rich field for research among students ranging in age from
elementary school through university. Many proposals for how to teach the subject have been guided by this
research. In a Symposium at GIREP 2008 in Cyprus, several researchers presented findings with implications
for teaching energy concepts. One outcome of the Symposium was the conclusion that no clear consensus
exists on the structure of a vertically integrated curriculum for teaching energy. A Workshop was held at
GIREP 2010 with the goal of making progress toward the challenge outlined above, specifically to make
progress toward a unified, research-based view of which energy topics should be taught at which educational
level. Since that time a Topical Group on Energy was formed within GIREP. In this set of symposia,
researchers from Greece, Italy, Germany, the United States, Israel, Portugal and the Netherlands will report
on progress they have been making on the many problems associated with teaching and learning the concept
of energy. Symposium speakers will describe their own investigations and place their findings within the
context of the goals of the GIREP Working Group. Part I will focus on teaching energy to pupils in preschool
and in primary school, as well as strategies for teacher formation. Part II will continue by examining the
challenges of teaching the concept of energy to older pupils, in high school and university. Part III will focus
on the engaging students in thinking about energy issues in their own lives and the historical development of
the concepts.

Participants:

Part I: Teaching the concept of energy to preschool and primary school pupils and teachers

Stamatis Vokos

Department of Physics, Seattle Pacific University, USA

Dimitris Koliopoulos

Department of Educational Sciences and Early Childhood Education, University of Patras

Francesca Leto

University of Perugia, Faculty of Science for Formation, Italy
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Research Unit in Physics Education, Department DCFA, University of Udine, Italy

Part II: Teaching the concept of energy to high school and university students

Michael Pohlig
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(@) The David Yellin College of Education; (b) Weizmann Institute, Israel

Paula Heron(1), Beth Lindsey(2), Peter Shaffer(1)

(1) Department of Physics, University of Washington
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Part III: Teaching specific aspects of the concept of energy from social, and historical perspectives

Friedrich Herrmann

Abteilung fur Didaktik der Physik, Universitat Karlsruhe, Germany
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Department of Physics University of Pavia - Italy
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Demonstrations can increase learning...or not
Matthew Bobrowsky
Department of Physics, University of Maryland, College Park, MD, U.S.A.

A large fraction of students view classroom demonstrations as useful aids to their learning (Di Stefano 1996).
While demonstrations are widely employed, most instructors are not aware of the research that has been
done on how effective they actually are and what can be done to make them more pedagogically useful.
Demonstrations can be technically well-prepared, accompanied by a discussion of the major concepts, but
with students still learning very little from the demonstrations (Roth et al. 1997).

Traditional forms of instruction are inadequate for helping most students develop a functional understanding
of basic topics in science (Kraus 1997). Hearing lectures, reading textbooks, solving quantitative problems,
seeing demonstrations, and doing experiments often have surprisingly little effect on student learning.
McDermott (2001) found that an effective instructional approach is to challenge students with qualitative
guestions that cannot be answered through memorization, to help them learn how to respond to such
questions, and to insist that they do the necessary reasoning by not supplying them with answers. This can
all be applied to how demonstrations are presented.

Demonstrations are used in physics classes for a number of reasons including (1) to illustrate the physics
and, hopefully, increase familiarity with the relevant concept, (2) to spark students’ interest in the topic at
hand, (3) to assess student’s understanding of the principle involved, and/or (4) to make the concept more
memorable. When presented in a more interactive way, the demonstrations will be much more likely to
achieve these goals (Crouch et al. 2004). This provides a tremendous educational opportunity, since
demonstrations are so widely used.

This presentation, in conjunction with the presenter’s accompanying workshop (“Increase Learning Using
Demonstrations”) will provide participants with an excellent understanding of how to make demonstrations
effective (when they otherwise would not be) by using interactive techniques that engage and challenge the
students.
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Why are experiments and theory both necessary?
Nada Razpet!, Tomaz Kranjc?
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Experimental work is an essential component in the study and instruction of natural sciences. Instructors
demonstrate new concepts through experiments and show causes and consequences when things are
happening. They use simplified models in order to observe and explain laws of nature and come up with a
mathematical description of relationships between quantities. Or, vice-versa, they illustrate mathematical
relationships by experiments. It is through experiments that they try to “convince” students that they have
correct relationships. Besides lectures, students in science classes also have labs where they themselves
perform experiments under the guidance of lab assistants. This has two purposes, a deepening of the
understanding of the content and acquiring of skills necessary for planning and performing of experiments. It
turns out, especially during student teaching, that experiments in elementary school classrooms are
something that lacks the “convincing power”. Students/pupils like them but do not see the essential
instructional elements that are the reason for their inclusion. For example, they cannot describe or illustrate
a process, write down conclusions and connect them to the content, even though the main characteristics of
an experiment are simple and easily seen or even obvious.

Based on the analysis of the results of the exams and difficulties that students encounter in preparing
practice in teaching, we chose some typical examples. In the selected experiments (description of a motion,
flow of water from different containers, functioning of an electric motor) we tested students to see what is
the information and contribution of experiments to the understanding of a certain topic, what connections
between “theory” and a given experiment are students capable of establishing, and what ideas they come up
with when they perform an experiment and see its outcome. We saw that all phases of an experiment have
to be discussed with students in detail and often the experiment has to be repeated. They need to be taught
how to illustrate the process, to explain what is happening, emphasize the purpose of the experiment and
establish a connection with previous experiments. If this is not done an experiment contributes little to the
understanding of a given content and the deepening of understanding. Students perceive experiments and
theory as two separate entities and are not able to establish a connection between them, even less to unify
them. Also, preparing for exams, students study separately the “theory” (oral part of the exam) and
“problem solving” (written test).

Keywords: Primary education, pres-school education, learning/teaching methods, concepts.
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How to make content easier for the student
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One of the requirements for Early Childhood and Primary school Education students is a science course that
deals with everyday applications of physics.

Students in Preschool Education come from the education high schools which typically have one year of
physics while Primary school Education students come from high schools that have the final “matura”
examination and two years of physics.

Active student participation is essential for a good understanding and mastering of sciences content. This
demands more engagement from students, longer learning, and a training which is no longer a part of the
modern instruction. The so called inquires-based (“active”) learning and continuous assessment have shown
to be an appropriate method. Based on questionnaires in the beginning and the end of lectures, given to a
control and experimental group of students, we investigated the success of this active approach in treatment
of topics in natural sciences.

In the presentation, we consider some of the problems encountered by these students in studying science
courses. The understanding and construction of shadows cast by different objects is one of the topics which
is very simple and yet a source of a significant difficulty for students (and thus for future preschool and
primary school teachers). Included in the study of this topic are shadows cast by objects illuminated by
different light sources (point and extended sources, the Sun), lunar phases, and floating or sinking of
differently shaped objects in a variety of liquids. It is important that students obtain a clear and correct
understanding of these concepts, since they are fundamental and a part of the required curriculum in pre-
school and primary school grades.

We identify difficulties encountered by students in the learning of the above topics and we list common
misconceptions. We propose activities to be carried out independently by students so that they can learn how
to investigate a given problem on their own and, based on the results, find relationships between appropriate
physical quantities. They need to realize that an independent investigation is essential for a good
understanding and lasting knowledge. It is only this way that they can be qualified for a critical, logical, and
authoritative treatment of this topic. Only if students themselves have experienced it they can see that this
kind of approach is also necessary in pre-school and elementary school instruction. Practicing this approach
by themselves qualifies them to use it later as teachers and educators. It is also important for them to realize
that unsuccessful experiments are not failures but an integral part of learning and therefore a positive
experience.

The fact that students have already heard a lot about a given topic and therefore feel that everything is very
“simple” and does not need a deeper investigation, poses another difficulty. They follow classroom
presentation passively and say that they understand it. However, they have never actively investigated the
material and therefore cannot handle it when they are given specific problems. Passive learning instead of an
active approach is a part of their study habits.

Keywords: Primary education, pres-school education, learning/teaching methods, concepts.
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Relativity and quantum mechanics count undoubtedly as the most significant scientific advances of the
twentieth century physics, each fundamentally changing our understanding of the physical world. Although
theories of non-linear systems are not as well established as relativity and quantum mechanics, they have
contributed considerably to the formation of the contemporary scientific worldview and stimulate multi-
dimensional philosophical discussions as well. More recently the emerging fields of nanoscience and
nanotechnology promise to have extensive implications for all of society as they apply the unique properties
of matter at the nanoscale to create new products and technologies.

The new ideas emerging from the 20th century physics provoke the science educators’ interest to introduce
basic modern physics concepts in school science curriculum (e.g. Johnston et al 1998; Shabajee &
Postlethwaite, 2000; Stavrou et al 2008; Guisasola et al 2009; Hingant & Albe 2010). Nevertheless, modern
physics topics often get little attention in physics instruction in schools. School teachers’ missing knowledge
is often named as a reason. This indicates that the integration of modern physics concepts into teacher
training is important both at the university level and in professional development courses for in-service
teachers.

The work presented here is an overview of four studies focused on investigating primary student teachers’
understanding of basic modern physics concepts. Their capabilities and difficulties in understanding basic
concepts from the fields of quantum mechanics, relativity, nonlinear systems and nanoscience were
investigated, in a teaching experiment design. Teaching experiment is a kind of interview that is deliberately
employed as teaching and learning situation. In a small group setting of 2 students each, twenty student
teachers dealt with the particle-wave duality, eighteen with the limited predictability of deterministic chaotic
systems, sixteen with the time dilation and twenty six with the size-dependent properties at the nanoscale.
The results show that students were capable of sound explanations concerning the topics under inspection.
The main difficulties appear to be the result of their pre-/ in-university traditional physics instruction which
imposes an “explanatory framework” for the interpretation of physical phenomena stemming from Newtonian
physics.
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Scientific argumentation has been regarded as a core activity in science learning over the world (Jiménez-
Aleixandre et al., 2000). Many empirical studies show that the opportunities for students to engage in
collaborative discourse and argumentation offer a means of enhancing student conceptual understanding and
scientific reasoning skills (de Vries et al., 2002; Driver et al., 2000; Osborne, 2010; Simon et al., 2006;
Venville & Dawson, 2010). Nonetheless, it is also pointed out that argument and debate are not the main
activity in the ordinary science class, and science teachers’ understanding of critical thinking and scientific
reasoning still remains low (Forbes, & Davis, 2009; Sanders et al., 1994; Zembaul-Saul, 2009). Hence, it is
now realized that the dominant classroom culture that dictates the teacher’s and students’ roles must be
addressed in order to introduce successfully argumentation as the core activity in science learning (Duschl et
al., 2007; Sadler, 2004).

In this context, Korea and Japan have many features in common in terms of science learning environments.
In spite of the continuous top-rank performance in the international assessment such as PISA and TIMSS,
students in both countries are lacking their confidence in learning science (Kim et al., 2008). The parallel
situation in two countries provided an apt, comparative research context in terms of the ways in which
scientific argumentation can be introduced into science classes.

In this symposium, scholars from Korea and Japan try to open up a cross-cultural dialogue by presenting the
case studies focused on science teachers’ perceptions as the valuable source for understanding the necessary
conditions for introducing scientific argumentation in science classrooms. In each country, more than 12
teachers participated in the semi-structured qualitative surveys. In both countries, teachers considered that
argumentation would be important. But the reasons of imporatances were different as well as their
perceptions of the proper context of introducing argumentation in classes. Some teachers’ responded that
the Toulmin’s argumentation tool could not be usful to assess their students’ argumentation, showing their
own images of students’ argumentation and social interaction between students. Also, two groups of three
Korean teachers participated in one argumentation task, either photosynthesis or mix colors of light. These
two cases are the typical experiments of which results are contradictory to the theoretcial expectation
because of using cellophane instead of color filters. During the argumentation, the P.O.E (Prediction-
Observation-Explanation) strategy had been adopted and teachers were asked to argue after writing down or
choosing their own claims and grounds personally. The interviews and argumentation had been recorded by
video cameras and voice recorders with field notes. Upon the evidences of teachers’ perceptions on teaching
argumentation and teachers’ argumentation, a tentative model for teacher professional development
program will be proposed. The four presentations and discussions in this symposium will be organized in the
following order:

1. Japanese teachers’ perceptions of argumentation and teaching argumentation in science classes

2. A discussion on the comparative points in teacher perceptions from the Korean and Japanese studies
3. An analysis of teachers’ collaborative argumentation: in the case of experiment of photosynthesis
efficiency by light wavelengths and mix color of light

4. A tentative model of teacher professional development program for teaching scientific argumentation
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Learning science is sometime difficult for students, particularly when they conduct a specific learning task,
such as an experiment or mathematical problem. They often face problems of lacking the plan on which they
can rely on and help them connect between the goals of learning tasks and the process to execute these
tasks and the outcomes of these tasks. In addition, students are unable to express their scientific thoughts
and articulate them in a good scientific manner, let alone their ineffective participation in learning.

Education research have, in recent years, focused on metacognitive thinking strategies to help learners
establish attentive control over their thinking and action and help them organize their planning and learning
process of the learning tasks.

This study proposed a developed teaching model of the Metacognitive Learning Cycle (MLC), which was
developed by Lisa Planck in 2000. It aimed at investigating the effectiveness of the Developed Metacognitive
Learning Cycle Model in developing grade 11 Saudi Female students' conceptual understanding of physics
and their metacognitive thinking skills. A prior- and post-performance of a research group was measured
using three tools: Conceptual Understanding test, Self-assessment scale to measure students' awareness of
their ability to use the three metacognitive thinking skills (planning, monitoring and controlling and
assessing) and an observation sheet to measure how students practice the three metacognitive thinking skills
in the practical activity. The research findings have shown that there is a statistically significant difference (at
level <= 0.05) between the post average scores of the experimental group students (taught according to the
Developed Metacognitive Learning cycle Model) as well as the control group students (taught in the
traditional way) in the total conceptual understanding test. To assess the effectiveness of the Developed
Metacognitive Learning Cycle Model in the total conceptual understanding test, the ETA-square ( ( was
calculated; reaching the value of (86%) in the total test. This percentage is of great influence; indicating the
effectiveness of the Developed Metacognitive Learning Cycle Model in developing grade 11 female students'
conceptual understanding".

Keywords: Metacognitive thinking, Developed metacognitve learning cycle
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The Centre for Physics Education, Karachi Pakistan and the Engineering and Science Education Research
(ESER) group, Melbourne Australia, are proposing a symposium at the World Conference on Physics
Education that is being held during 1-6 July, 2012 in Istanbul. The topic of the symposium will engage
participants in a focused discussion around two interwoven issues: (a) exploring new ways to strengthen
physics at all levels (from primary to university) by promoting quality physics education, and (b) using
physics to help solve sustainable development issues.

The aims of the symposium are;

e To review the efficacy of the various activities organized in South Asia to promote physics education,
especially the contribution of Asian Physics Education Network (AsPEN) in developing physics education and
research during last two decades, and their impact on socioeconomic development.

e To design strategies for the development of physics education so that physics can have a significant role in
solving some of the socioeconomic and sustainability problems faced by developing countries.
INTRODUCTION:

The symposium will provide a framework for a discussion around the role of physics education in sustainable
development. This framework will include a brief description of the socioeconomic situation in South Asia and
the issues that block the promotion of physics and its development. The framework will also include a
discussion around the efforts being undertaken to develop physics in a social context and their impact on the
teaching and learning environment.

AsPEN and its activities:

For the last two decades, the Asian Physics Education Network (AsPEN) has been striving to set a tradition of
quality physics education in the region and it has played a role in introducing a significance change in
teaching and learning patterns. In collaboration with international organizations such as UNESCO, AsPEN has
launched physics education projects in the region and has influenced many young physicists who are now
pioneering physics education reforms (eg; active learning, using computer-based physics labs, developing
innovative curricula and initiating research in physics education) in their respective countries. The regional
workshops on active learning in physics, which incorporate hands-on, minds-on activity-based learning with
low cost experiments have given a new dimension to the teaching and learning patterns in many developing
countries. The highly-successful UNESCO Active Learning in Optics and Photonics (ALOP) workshop program
has been introduced to the Asian region and teachers have been trained in order to (a) improve their
understanding of optics and photonics, (b) develop their ability to actively engage their students, and (c)
develop their ability to use local, low-cost resources to complement their classroom teaching. These
workshops have changed the perception that teaching a wide range of optics concepts (from ray tracing, to
interference to optical communications) requires high cost equipment. In all of its active learning workshops,
AsPEN has always adopted simple and low cost methods in its teacher training programs so as to make
physics accessible to everyone.

ICPE has also been active in organizing conferences on physics education and motivating young physicists to
pay more attention to the issues associated with physics technology, which will play an important role in
sustainable development. ICTP has also organized a workshop "PHYSWARE" for teachers from developing
countries in 2009.

UNESCO is currently developing an e-learning short course on sustainable development, which can be taken
by undergraduate students in the Asian region. Each of the 8 modules was developed by experts from
universities in the extended Asian region. This on-line course will give engineering and science students the
skills and knowledge they need to understand how their discipline can assist in solving the problems of
sustainable development.

Finally, there is the issue of sustaining physics education in developing countries so that it can support the
development of physics, which in turn can support sustainable development. It is our belief that sound
education research should underpin physics education initiatives. The ESER group in Melbourne has started
to collaborate with academics from several developing countries in the Asian region in order to foster physics
education research. The eventual hope is that these collaborations will lead to a critical mass of education
research expertise in the extended Asian region that will drive informed physics education reform.

There is a message from Mr. Ban ki Moon, the Secretary General, UN and we think it should be the focus of
our discussion for future planning.
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On January 12, 2012, while launching the International Year of Sustainable Energy for All, the Secretary
General of the UN said, "We are here to build a new energy future... a future that harnesses the power of
technology and innovation in the service of people and the planet.” He further added "It is the golden thread
that connects economic growth, increased social equity and preserving the environment.”

With this brief introduction to the physics education activities that have taken place (or will take place) in the
region and the description of the socioeconomic issues in developing countries, we invite physicists and
educators at the symposium to share their thoughts about the activities they have organized in the region
and share their experiences with the other participant teachers and students.

Dr. Pratibha Jolly, Principal Miranda College, Delhi University, Delhi India, will be one of the speakers.

Keywords: focusing on development of physics education, developing world, sustainable development,
AsPEN activities, accessibility of physics education, strategies to solve the issues
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Collaborative interactions occur at a variety of levels in science education, from students working together on
a classroom task, to instructors and administrators negotiating the content or pedagogy of a class, to
researchers trying to make sense of what they see in students’ behavior. Each of these interactions occur in
a multi-level cultural context, and often one that brings together two or more distinct cultural perspectives.
In this symposium we present four studies of collaborative interactions conducted by PER groups in two
different countries. Members of these groups were responsible for / intensely involved in key curricular
reforms: at the University of Maryland (UMD), the physics course for the “National Experiment in
Undergraduate Science Education” (NEXUS), and at the Colégio Técnico, Universidade Federal de Minas
Gerais (UFMG), the high-school level “Curriculo de Fisica em Espiral” (CFE). Such involvement had some
bearings on the investigations each group has conducted lately. Here are brief summaries of the studies we
chose as examples of four levels of collaborative interaction in physics education:

Study A: Faculty collaboration — Designing an interdisciplinary physics course

The goal of the NEXUS course reform is to recreate the introductory physics course for life science majors in
a way that better fits the needs of biology majors and pre-health care professionals. Specifically the project
is attempting to create a course that builds general scientific competencies and is perceived as of authentic
value in understanding biology by both biology students and faculty. A large team of physicists, biologists,
and chemists have gotten together for extensive discussions of this course, both on general content and to
discuss specific issues. Although all of the participants are scientists, each brings elements, orientations, and
expectations from their particular scientific discipline. These scientific sub-cultures often conflict in the
language they use and the assumptions they (perhaps tacitly) make, even for the “same” topic. One example
is the way the different disciplines talk about molecular binding and energy. In this part of the symposium we
will present an example of distinct disciplinary perspectives and how they were resolved in our course design.
Study B: Research collaboration — Crossing the levels of action

A significant component in the NEXUS physics class are group physics problem-solving activities that have
authentic biological value. These are worked on by students in groups of 3-5 in small-class environments,
facilitated by teaching assistants. The development of the course materials are based on a research/design
model in which student behavior is videotaped and then analyzed by the research team. These observations
weave together three distinct levels of group interaction and practice:

(1) Student learning - In this course, students are asked to learn to "think like physicists" and to seek
consistency across their disciplinary science knowledge. This often challenges students' cultural assumptions
about learning and the scientific disciplines. In our focal episode, we see some students readily taking up
tools from physics while others are actively striving to draw on knowledge from chemistry and biology
courses.

(2) Education research - The research team analyzes videotapes of the student discussions on the task and it
takes a group activity to extract meaning from student dialogue.

(3) Curriculum reform — What the research group learns from their analysis has implications for teaching
practice that need to be renegotiated with the instructional level members of the team.

We will analyze the implications of the group interactions using videoclips of student behavior and field notes
of the research group discussion.

Study C: Theoretical Collaboration — Resorting to scholarly fields of knowledge

When PER investigators study new classes there is a risk of only seeing what they expect. The risk might be
even higher if previous research results were used in the design of the curriculum, its materials and
pedagogy. The study we present here resulted from an attempt to improve classroom observation of high
school students in the new CFE physics class. We wanted to detect barriers to students’ development during
enquiry, collaboration, and dialogical argumentation. We saw that some groups created effective learning
opportunities occasionally, but no groups did it with consistency. Since we inferred that gender issues were
involved, we analyzed our observations using Connell’s Social Theory of Masculinity. We will illustrate this
process presenting data about groups where the boys’ patterns of behavior inhibited collaboration among
students. These patterns became particularly clear when we analyzed the role some girls played in mixed
gender groups.

Study D: Student-Researcher Collaboration - Group interview about classroom instances

The CFE reform relied on students’ discovering learning opportunities in physics classes for themselves. To
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evaluate the extent to which this occurred in the curriculum, we devised a research methodology inspired by
Paulo Freire’s pedagogy and stimulated recall technique. We interviewed groups of eleventh-grade students
who had participated in the curriculum themselves. They were prompted to recall their own experiences by
watching video recordings of tenth-grade students engaged in similar activities. This helped the researchers
understand actions and cognitive processes in the collaborative classroom activities of the tenth-grade
students in the video. In addition, the collaboration with the eleventh-grade student observers helped
researchers understand those students’ own experiences and development in CFE activities. For example, the
eleventh-graders reported that after they experienced the activity, they no longer expected teachers to be
the only source for knowledge. They made explicit how they re-elaborated the solution of many problems
and cognitive challenges they faced in physics classes. They made statements about immediate effects that
some class activities had. They also talked about long-term effects, for instance, learning to make sense of
lab and class activities. The interview structure encouraged them to talk about problematic situations
previously encountered and to analyze the difficulty initially experienced with some of the concepts and
practical problems they were presented with.

Keywords: Collaborative Action; Scientific Authenticity; Learning Opportunities; Investigative Process;
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The learning and teaching of energy has been a rich field for research among students ranging in age from
elementary school through university. Many proposals for how to teach the subject have been guided by this
research. In a Symposium at GIREP 2008 in Cyprus, several researchers presented findings with implications
for teaching energy concepts. One outcome of the Symposium was the conclusion that no clear consensus
exists on the structure of a vertically integrated curriculum for teaching energy. A Workshop was held at
GIREP 2010 with the goal of making progress toward the challenge outlined above, specifically to make
progress toward a unified, research-based view of which energy topics should be taught at which educational
level. Since that time a Topical Group on Energy was formed within GIREP. In this set of symposia,
researchers from Greece, Italy, Germany, the United States, Israel, Portugal and the Netherlands will report
on progress they have been making on the many problems associated with teaching and learning the concept
of energy. Symposium speakers will describe their own investigations and place their findings within the
context of the goals of the GIREP Working Group. Part I will focus on teaching energy to pupils in preschool
and in primary school, as well as strategies for teacher formation. Part II will continue by examining the
challenges of teaching the concept of energy to older pupils, in high school and university. Part III will focus
on the engaging students in thinking about energy issues in their own lives and the historical development of
the concepts.

Participants:

Part I: Teaching the concept of energy to preschool and primary school pupils and teachers
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The use of ICT in Physics Education is well-known for many years, and has proven to stimulate f.i. more
authentic and inquiry-based education. Already for 25 years CMA has developed the learning environment
Coach for science education. Coach includes a.o. tools for measurement with sensors, measurement from
videos, powerful analyzing tools including Modeling and authoring facilities to create activities adapted for
age 10 - 20.

In more recent years a special interface has been developed having Primary schools (and their teachers!) in
mind. This interface, a little pink box called €Sense, has built-in sensors for light, temperature and sound.
Also an external temperature sensor is provided. The interface takes it power from the USB-connector, to
avoid batteries and power supplies. The design looks friendly and not too technical.

During the last decade we experienced with the use of Coach in Primary schools, as well in The Netherlands
as well in international contexts (f.i. Pollen Project). First with a more complex interface. Later on with the
€Sense.

Based on these experiences activity books with Coach activities have been developed with many examples
for the different sensors of €Sense. The interactive poster presentation aims participants will become familiar
with the interface and the teaching materials including Coach activities.
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Guillermo Neumann?, Pilar Segarra?®

IMADEMS, Fisica, Universidad Nacional Autonoma de Mexico

2Facultad de Ciencias, Universidad Nacional Autonoma de Mexico

One problem that persists in Mexico is the gap between educational research and classroom work. Ideally it
would be expected the immediately implementation of the results of educational research included in the
study programs, however, the change in teaching practice have shown to be very slow.

The use of new technologies in the classroom is one of the proposed changes set within the curriculum of
Mexican high school education. The laboratories are being reformed to consider multiple representations as
the principal line of work (simulations, graphs, algebraic representations, reading and writing texts).

Among the identified skills of scientists are those related to the use of multiple representations under
different circumstances, these are the reasons for the importance of including activities with MR in physics
courses.

This change implies a transition period in which students and teachers involved in traditional settings should
establish a relationship with new tools and methods. It implies a change in the activities carried out and the
time devoted to them, involves raising new goals, develop new skills and ways of evaluating and changing
the values in both learners and teachers.

Traditional context is defined as that where the teacher is the main protagonist and learning is measured by
solving numerical exercises and writing reports on demonstration activities. The research question is what
difficulties arise with the systematic use of still and moving images within a context of traditional education?
The exploratory and qualitative study was conducted over two semesters in a public high school at Mexico
City, with a group of 28 students from high school introductory physics. The researcher was associated with
the teacher. Various activities were created in which two-dimensional images, still and moving, were the
center of attention. The activities with images were intercalated to the traditional class and in some cases
were left as homework. The activities required that the students familiarize themselves autonomously with
the simulator of physical phenomena (PhET), after which they faced situations of read-write still images,
related to the models used in the theoretical or experimental traditional classes.

The study shows difficulties for both the student and the teacher. In the case of students, the use of
simulators and still images showed the following problems: data extraction, interpretation, relationship
between different representations, etc. Teachers were faced to the problem of the creation of activities that
simultaneously fulfill the objectives of learning and research tools; we have also difficulties integrating within
a quantitative scoring system the answers given by students to the new type of activities.

A qualitative assessment was made from a survey on the opinion that the students have in the use of
simulators in the classroom. We found that although students recognize the importance of the simulations for
learning, they consider them more difficult and less valuable than traditional forms of teaching that are
closely related to their score.

Keywords: multiple representations, image, high school physics, simulators
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POOLKkits: Applying Object Oriented Principles from Software Engineering

to Physics Object Oriented Learning — Preliminary Concepts
Thomas J. Kassebaum?!, Gordon J. Aubrecht, II°

!Byrd Polar Research Center, The Ohio State University, Columbus, Ohio

’Department of Physics, Ohio State University Marion, Marion, Ohio

Since the development of object-oriented programming techniques in the 1980s, software development has
become more modular with more manageable code. These same practices have been applied to the
development of Learning Modules utilizing object-oriented learning as the basis of the modules. The benefits
of teaching learning objects lie in the transference of the object-oriented model directly to identical
techniques in object-oriented programming since both learning objects and software objects are constructed
using the same underlying principles. The obvious gains in applying object-oriented learning are most easily
seen in object-oriented programming classes where the teaching of the learning object flows directly into the
practice of programming the software object. However, physics provides a rich object-oriented basis for the
development of learning objects and has a rich software development history, as well.

Object-oriented development depends upon the creation of generic pieces that can be built into more
complex parts. In physics, we begin teaching basic principles and then move into more complex systems, a
perfect environment to develop learning objects. Each learning object consists of observable quantities, such
as the physical properties of a block of wood, and operators that act on the object, such as force.
Additionally, each object can also include an assessment operator that evaluates the impact of the learning
object on student comprehension.

The physics object-oriented learning kits (POOLKits) will be developed to enhance student understanding of
physics concepts, as well as, build a framework for developing a software object based on the physics
concept. A POOLKkit can be extended, similar to the concept of extending classes in object-oriented
programming, as physics knowledge expands. The expectation for these POOLkits would be to provide
physics students with a solid foundation in the first principles to be able to derive more complex formulae
and have the understanding of the process with a secondary benefit of enhancing the object-oriented
programming capabilities of physics students.

Keywords: software, object-oriented programming
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Wolfram Mathematica in Theoretical Physics
Radim Kusak
Institute of Theoretical Physics, Faculty of Mathematics and Physics, Prague, Czech Republic

Computer Algebra Systems (CAS) like Wolfram Mathematica or Maple are very powerful tools for science and
education. CAS has wide range of applications in many fields of science and economy because of powerful
symbolic manipulation tool, visualization and also numerical methods. Also derived products like
Wolfram|Alpha, Wolfram demonstration project, MapleSim and Maple T.A. can be very useful in education.
CAS can be integrated into physics curriculum at universities in many ways. Basic integration can start from
general purpose lecture focused essentially on CAS with some examples from many different areas of
interests, across seminars focused on general topic like physics or selected physics lecture to the usage of
small parts of CAS like visualization or data analysis. One of the last of its usage is very useful because it
offer improvement of current subjects without change of the Curriculum. In our case for usage of CAS was
chosen seminar of Theoretical Physics in Faculty of Mathematics and Physics at Charles University of Prague.
In this paper first steps of integration of Computer Algebra Systems into the seminars of Theoretical physics
with some examples are presented. Theoretical Mechanics is ideal course for CAS’s involvement. Even
difficult tasks like Euler-Lagrange equation or Hamilton's equations can be easily solved by Mathematica with
very few commands. If solution of task cannot be obtain analytically, is possible to use approximations like
Taylor series or use numerical methods integrated in CAS to solve it. No matter if tasks is solved by
numerical or symbolical methods all steps and results of the tasks are done within one program.

In first part of this paper are shown some tasks solved by Mathematica and general ideas of its structure and
purpose. Each of solution of the tasks take great amount of time, because before releasing the solution
certain conditions must be met. First is solution itself. Obtaining solution in physics is very important, but
usually only author of such solution understand all steps to obtain it. That why the second part is to make
understandable steps to get the solution. Third part is Physics correctness. If some part of solution lose its
physics meaning it suppose to be commented. Last part is visualization of task.

In second part of this paper are suggested methods of CAS’s usage in seminars and lectures similar to
Theoretical Mechanics. Methods of using Computer Algebra Systems are divided into two parts — time scale
methods and degree of CAS’s involvement. These methods will play key role in future of this project, because
solved tasks will be map to those methods.

In third part of this paper are presented results of the brief survey on Theoretical Mechanics and CAS. Survey
took time in the last seminar’s lesson of Theoretical Mechanics and give brief information about difficult parts
of Theoretical Mechanics and usage of CAS by students.

Materials and methods presented in this paper are part of larger research project about Computer Algebra
System and its impact on student’s understanding of physics concept and problem solving in physics.

Keywords: Computer Algebra Systems, CAS, Physics, Physics education, Theoretical Mechanics, CAS in
Theoretical Mechanics, CAS’s Methods
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The key competences and teaching physics with the ICT for IST Pack
Elzbieta Kawecka!, Ewa Kedzierska?, Hildegard Urban Woldron®

!Computer Assisted Education and Information Technology Centre, Warsaw

’C.M.A.

3University of Vienna, Austrian Educational Competence Centre Physics

The key competences recommended by the European Commission oblige teachers to use the new
technologies and issue new challenges to education; the roles of both teacher and student also change
(European Parliament, 2006). On the other hand, new curricula limit severely the number of hours devoted
to teaching of physics and other science subjects. One observes the growing number of educational
institutions engaged in international and national projects that are supported by EU funds. Care should be
taken that teaching and learning of science subjects, supported by new technologies, develop students’
creativity and stimulate their creative thinking, giving notable educational benefits. The teacher needs good
teaching materials that will facilitate this kind of teaching.

The ICT for IST Pack - the final result of the ICT for Innovative Science Teachers project (2009-1-PL1-LEOOQ5-
0546), which involved a partnership of six educational institutions: Computer Assisted Education and
Information Technology Centre (PL) — project coordinator, Loughborough University (UK), Foundation CMA
(NL), University College of Teacher Education (AT), University of Cyprus (CY) and Charles University in
Prague (CZ), contains exemplary educational materials for teaching science with ICT at secondary schools.
The pack includes twelve modules with different student activities and software resources, ten instructional
videos and a Resource Guide for teacher trainers and science teachers. The materials focus on the use of
both Coach 6 and Insight software packages, and additional ideas for software solutions, interactive
investigations and a range of free software. The videos demonstrate some of the practical activities from the
modules. These can be useful for tutorial discussion or as the basis of follow-up activity after the course,
either for reinforcement or for self-study.

A few sample activities from chosen ICT for IST modules will be presented on poster to illustrate how the
software tools are employed in complementary ways to promote understanding of the concepts involved.

Keywords: key competences, ICT for IST project, ICT, data-logging, modelling, data video
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Demonstration of the heat with the ICT based real-time thermo viewer

camera for elementary school

Naoshi Takahashi!, Masazumi Mori?

!Department of Physics, Faculty of Education, Kagawa University
2Sakaide Elementary School, Faculty of Education, Kagawa University

We have demonstrated a visible heat and thermodynamics by using a conventional thermo viewer camera
based on ICT for elementary school science.

Teachers of the elementary schools always face difficulty to teach heat. In the elementary school of Japan,
the primary schoolchildren learn the heat and the temperature in fourth graders scientifically. We know that
they have the naive concept that a daily life experience causes till then, and contact with scientific heat and
temperature for the first time. It is not easy to understand to children about the heat and the temperature,
because it is not easy to show them to teachers themselves. The invisible change of so called heat and
conduction of the heat cannot appear directly in nature. So children in the classroom only get some
evidences to suggest such the phenomena have happened by teacher's demonstration in most cases. For
example, a metal board which sewed wax is observed to be able to dissolve, or as for the sticking thermo
tape, it is observed the change being changed at temperature a colour. Even though some example of the
thermography can be seen in the textbook, they can only have such the indirect experiences in deed. One of
the reason why to teach the heat and temperature is quite difficult is due to such the poor situation and high
price of these devices.

Recent innovation may solve the problem. We came to be able to purchase in Japan typical thermo viewer
approximately 200,000 yen (about 2,500 USD), which has not only thermo viewing mode, but also standard
digital camera mode simultaneously. Using this camera, we devised a demonstration that we were connected
to the PC. In other words, it is the thermodynamic demonstration of the ICT base which is available in an
elementary school. By the presentation, we are going to introduce the details and the practice example of
this demonstration in the elementary school.

Keywords: thermo viewer camera elementary school
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Multimedia enhanced physics lecture experiments (ePhEx)
Guillaume Schiltz
Department of Physics, Eth Zurich (Swiss Federal Institute of Technology), Switzerland

Classroom demonstrations are a substantial element of introductory physics lectures. The learning effect of
these experiments, however, is discussed controversially [1][2]. While pure observation has almost no
positive effect on conceptual learning, interaction or at least engagement with the given experiments shows
clear benefits [3].

ETH Zurich holds a collection of more than 700 lecture experiments covering all major topics of experimental
physics. These experiments are exhaustively used in all introductory lectures and address about 3'000
students per year. The project ePhEx aims at raising student’s engagement with those experiments. It allows
students to review the experiments beyond the lecture hall and to work more extensively with them. During
the lectures we still present experiments in the traditional way. Students, however, additionally get internet
links to the corresponding enhanced experiments and can review them in detail while revising the lecture.
The project ePhEx offers the following features through a public web site (http://ephex.phys.ethz.ch):

- Video recording (with audio explanations) of the experiment.

- Text description (with graphics/pictures) of the physics behind the experiment.

- Interactive simulation (Java applet) allowing students to run the experiment with individual settings.

- Application exercise (with optional solution) based on the experiment.

Up to now we have a stock of 106 videotaped experiments, most of them augmented by a detailed
description. 35 simulation applets and 20 exercises have been included so far. We plan to continually
increase the collection in the next two years and to end up with the 200 most prominent experiments. In
2011 we started to supplement selected lectures with additional enhanced experiments and the feedback has
been encouraging. Further systematic evaluations including usage and preferences will be carried out in
2012.

In our presentation we want to discuss the multimedia approach that we are pursuing and more generally to
qguestion the status of traditional lecture experiments.

[1] Crouch, C.H., Fagen, A.P., Callan, J.P. & Mazur, E. (2004) Classroom Demonstrations: Learning Tools or
Entertainment? American Journal of Physics 72, 835-838.

[2] Carr, K.M. (2005). The “Ten Most Beautiful” Experiments Interpreted by Novice Students. The Physics
Teacher 43, 533-537.

[3] Wieman, C.E., Perkins, K.K. & Adams, W.K. (2008) Oersted Medal Lecture 2007: Interactive Simulations
for teaching physics: What works, what doesn't and why. American Journal of Physics 76, 393-399.

Keywords: video, applets, web, OER
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Discursive Interactions between Teacher and Students in Physics Classes

and Construction of Arguments

Lucia Helena Sasseron, Arthur Tadeu Ferraz
Faculdade de Educacgdo, Universidade de Sao Paulo

Actions, attitudes and activities performed by teachers in classroom practice differ according to their needs
and goals. All these variables for teacher behavior are aimed to the construction of knowledge by their
students. Therefore, it is essential do conduct a study focused on teachers’ actions that makes it possible to
identify the transformation and evolution of the knowledge acquired by students.

We decided to investigate the role of a teacher in the construction of arguments performed by his/her
students by means of a qualitative study. We analyzed two classes in video format that were previously
investigated for a different research purpose. The classes are part of a teaching sequence of the 3rd year at
secondary level in a public school. The classes were held on the same day, one after another, and addressed
the topic of duality of light, which is part of a broader context that is Modern Physics. The inquiry-based
teaching prioritized the development of students’ reasoning. We spent a great deal of time analyzing the
discursive interactions, using different theoretical references based on authors such as Vigotski, for whom
knowledge is constructed during the interactions between the subject and the objects of learning, and
Toulmin, who characterizes the argument as a logical structure that organizes data and claim with the
warrants that support them. This enabled us to classify and categorize the arguments used during the class.
It became clear to us that the claim of the teacher throughout the analyzed classes was that students
constructed arguments about the content of the discipline. Thus, he/she provided the elements that allowed
students to solidify their previously studied conceptual bases in order to sustain the new issues.
Subsequently, we developed three guiding elements that are closely when the development of knowledge
and reasoning of students in the classroom is considered: Subject - it is the students; Instrument - tools
used during the class to assist the students in the development of reasoning; and Object - content of the
discipline. The students are supposed to construct their knowledge based on this content. These elements
are interconnected through the actions of the teacher and can be expressed in a spiral diagram, that is, after
the student internalizes the desired object with the instrument provided by the different actions of the
teacher, this object becomes an instrument. Then, a new object is elaborated and developed.

The transformation of the object into instrument was observed in the speeches of students at various
moments of the analyzed classes. Classroom analysis showed that the teacher’s role is the role of a mentor.
The teacher’s questioning during the classes allowed the students to participate in the investigation and
assisted the collective construction of the arguments. Therefore, we can affirm that, by performing different
actions in his/her classroom practice, the teacher provides the tools with which the students will construct
their learning of the discipline studied.

References
TOULMIN, S.E. Os Usos do Argumento. Sao Paulo: Martins Fontes, 2° Ed, 2006.
VIGOTSKI, L.S. Pensamento e Linguagem. 2@ Ed. S@o Paulo: Martins Fontes, 2000.
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Misconceptions of Scientifically-gifted in physics
Hyun Sook Choi, Jung Bok Kim
Korea national university of education

We compared the physics comprehension of science high school students with this of general school students
by analyzing results obtained in the research for designing physics teaching methods and developing physics
instructions. For comparison by subjects in physics, we applied the concentration analysis method introduced
by Bao et al.(2000). We applied the method to results taken with 102 questions in "The database of
student's physics misconceptions"[Song et al, 2004]. The data are taken from the total number of 4452
students in 11th grade of general high schools and 3381 science-gifted students in 10th and 11th grades of
science high schools in Korea. As for the conceptual understanding of physics, the ratio of correct answer of
gifted students was higher than general students in all domains, significantly, "Force and motion", however,
in the "wave and light" field, both groups had the similar ratio. And our result that the ratio of correct answer
of gifted students was lower in the "the questions about magnetic properties of matter by electromagnet and
image by the lens" is very impressive. We also obtained the "Concentration factor" C and "Concentration of
the incorrect responses” in order to compare the consistency of comprehension. We have found that the C
value was high when the correct-answer rate of the corresponding questions was high, and there was not
any correlation between C and. The value were distributed broad from 0 to 1 according to question. This
result shows that gifted students also have strong misconceptions of physics, or they do not apply physics
conceptions consistently to questions in various contexture.

Keywords: Scientifically-gifted, Misconceptions, Concentration factor, Concentration of the incorrect
responses
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Teaching about energy. Which concepts should be taught at which

educational level?

Marisa Michelini!, Paula Heron?, Bat Sheva Eylon3, Yaron Lehavi*, Alberto Stefanel!
lUniversity of Udine

2University of Washington, Seattle

3Weizmann Institute, Israel

“The David Yellin College of Education, Israel

WORKSHOP organized by Paula R.L. Heron and Marisa Michelini,
with the cooperation of Bat-Sheva Eylon, Yaron Lehavi and Alberto Stefanel

Participants

More than 30 colleagues participate to the Workshop offering an important contribution to the wide
discussion. Here we report the names and the e-mail addesses, thanking the Girep Committee for the
decision to recognize a GIREP Thematic Group on Energy Teaching and Learning.

Pavlo Antonov, Esther Bagno, Ugo Besson, B. Blondin, Marina Castells Michele D'Anna, Maria José de
Almeida, Bat Sheva Eylon, Igal Galili, Zofia Golab-Meyer, Paula Heron, Pedro Jorge, Dimitrios Koliopoulos,
Yaron Lehavi, Olga Lendaltseva, Paul Logman, Mariani Cristina, Michelini Marisa, Ana Rita Mota, Valerie
Munier, Nikos Papadouris, Gesche Pospiech, Joel Rosenberg, Lorenzo Santi, sassi elena, Alberto Stefanel,
Laurence Viennot.

The learning and teaching of energy has been a rich field for research among students ranging in age from
primary school through university. Many proposals for how to teach the subject have been guided by this
research. In a Symposium at GIREP 2008 in Cyprus, several researchers presented findings with implications
for teaching energy concepts. One outcome of the Symposium was the conclusion that no clear consensus
exists on the structure of a vertically integrated curriculum for teaching energy. Such a curriculum would
allow the coherent introduction of aspects of energy at appropriate ages and ensure continuity from year to
year as children progress through the educational system. Some countries have devised national standards
or guidelines that include recommendations for different aspects of energy at different grade levels. However
in many cases these have not been guided by research. GIREP members are in a unique position to be able
to make recommendations that are consistent with our knowledge of how students learn and the special
conceptual challenges posed by the topic of energy.

The goal of the Workshop was to make progress toward the challenge outlined above, specifically to make
progress toward a unified, research-based view of which energy topics should be taught at which educational
level.

Before the workshop two contributions were sent by Dimitris Koliopoulos of University of Patras, Greece and
Joel Rosenberg of U.C. Berkeley, California, USA, respectively on teaching energy in preschool and primary
education and on Energy for Everyone. This contributions become part of the work group activities: the
relative abstracts are reported at the end of this report.

Another contribution for the Workshop discussion was offered by Bat-Sheva Eylon and Yaron Lehavi from
Israel by means of an artifact for the DISCUSSION: What has changed? - Energy as the language of changes.
The text of this contribution is reported after the abstract mentioned.

The Workshop activity was introduced by Marisa Michelini with an overview of the approaches to energy in
research literature, a brief report on 2008 Energy Workshop held in Girep Conference in Cyprus and a
suggestion of problems to be considered for the WS discussion. Alberto Stefanel presented a research
literature overview of the learning problems on energy concept. At the end of this report a single paper offers
a critical analysis of the approaches and the learning problems in energy teaching/learning and a
bibliographic contribution for an overview of research contributions.

Paula Heron discussed the main results of the Workshop emerging from the discussion organized in three big
groups, working for about 90 minutes on teaching/learning energy in primary, low secondary and upper
secondary school. In the following the report of Group responsible are reported. The position paper produced
by the workshop activity is reported as last part of this report.

Keywords: Girep GTE Workshop Energy Teaching Reims
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Dismantling rainbow

Maria Bondani?, Fabrizio Favale?

1stituto di Fotonica e Nanotecnologie — CNR, Como, Italy

’Dipartimento di Scienza e Alta Tecnologia — Universita degli Studi dell’Insubria, Como, Italy

The observation of natural phenomena is the most obvious starting point of the scientific approach to
knowledge. In spite of this trivial remark, we observe that, at least in Italy, the large part of school lessons is
held in the form of frontal lectures, in which teachers propose a defined set of information following a
standard lesson plan. In this framework, the direct observation of phenomena is inserted as examples to
confirm theory.

We present a didactic route to the learning of elementary optics starting from the rainbow. The basic idea is
to start from the bare observation of the natural phenomenon and to guide students to the discovery of
every single optical process governing it.

The idea to focus on rainbow as a useful example for teaching optics is not new [1-4]. In most of the
proposed paths, the discussion of the rainbow is used to summarize the concepts of standard geometrical
optics courses (reflection, refraction, dispersion, vision...). At variance with them, we want to reverse the
learning process so that the explanation of each single optical process included in a standard optics
curriculum for High Schools will emerge naturally as a demand for understanding the main phenomenon, the
rainbow. At the end of the course the students should at least reach the same content knowledge level
achieved by traditional teaching, but with greater satisfaction.

The “dismantling” of the rainbow takes advantage of the indoor reproduction of the rainbow by using a glass
sphere (raindrop) and a white-light projector (sun) or cylinders of transparent materials (glass, plexiglas,
glycerol) and a collimated white light beam or laser beams at different wavelengths. The quantitative
analysis of the experiments is carried on by taking pictures/movies of the setup and analyzing them with
analysis software like Tracker Video.

We have tested the didactic path with university sophomore students (physics laboratory) to calibrate each
step, then we proposed it to a number of High School classes: we will present the results of comparative
tests between parallel classes some of which have followed the course and some other have followed a more
traditional didactics.

[1] Y. Sakurada and T. Nakamura, Demonstration of the light scattering phenomenon in the atmosphere,
“Seventh International Conference on Education and Training in Optics and Photonics,” Proceedings of SPIE
4588 (2002).

[2] H. Isik and K. Yurumezoglu, Two Simple Activities to Bring Rainbows into the Classroom, The Physics
Teacher 50 (2012) 38

[3] A. W. Hendry, A Triple Rainbow?, The Physics Teacher 41 (2003) 460.
[4] R. D. Russell, A rainbow for the classroom, The Physics Teacher 27, (1989) 262.

Keywords: Rainbow, fundamental optics, atmospheric optics, secondary education
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Teaching concepts of electromagnetism, optics and modern physics

through situations in medicine

Mara Fernanda Parisoto, Marco Antonio Moreira, José Tullio Moro

Instituto de Fisica, departamento de Ensino de Fisica, Universidade Federal do Rio Grande do Sul, Porto
Alegre, Brasil.

This research aims, mainly from the use of many teaching resources, at promoting students’ meaningful
learning. With this in mind, we used several tools, such as a supporting text, experimental activities, new
technologies, concept maps, and problem-situations. Such tools were applied along four implementations of a
course for teachers and future teachers of physics using concepts of physics applied to medicine. Through
qualitative and quantitative analysis, we investigated whether these tools had favored the students’
meaningful learning. To achieve the objectives proposed in our research methodology, we proceeded through
the following steps: 1) a review of the literature in the journals classified by CAPES (a Brazilian agency for
graduate courses) as Al, A2 and B1, from 2000 to 2009; 2) a study of alternative materials for the
development of instructional resources to be used in the course; 3) development of suggestions for
educational activities; 4) organization of semi-structured interviews, pre-tests and post-tests; 5) application
of the designed course; 6) application of the interviews, pre-tests and post-tests; 7) data analysis; 8) course
improvement; 9) re-application of the course; 10) re-application of the interviews, pre-tests and post-tests;
11) data analysis to look for the presence of meaningful learning instances; 12) comparison between the
studied groups to seek for any evidence for what could be the best way to teach such a content. At all stages
of the experiment, we used Ausubel’s theory of Meaningful Learning (2002), Moreira’s theory of Critical
Meaningful Learning (2005), Vergnaud’s theory of Conceptual Fields (1999, apud Moreira 2004a, p. 13), and
Toulmin’s epistemology (1977). Research findings suggested, among other things, that the teaching of
physics applied to medicine seemed to be a scarcely researched area; differentiated methodologies
apparently facilitated the emergence of meaningful learning evidences; the use of computer simulations,
together with experimental activities, seemed to facilitate meaningful learning; guiding questions could be
rather relevant to the development of computer simulations.

Keywords: physics teaching, physics applied to medicine, meaningful learning.
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The Coherent Structure of Classroom Discourse in Teaching Physics

Concepts
Eizo Ohno
Faculty of Education, Hokkaido University, Sapporo, Japan

There are several analytic frameworks (e.g. conversation analysis and discourse analysis) for interpreting
classroom discourse. In this presentation, the analytic framework with using dynamic semantics (Ohno,
2011) is applied to interpret the records of science classroom discourse in teaching physics concepts. The
reliance on linguistic information, compositional and lexical semantics, is maximized and the non-linguistic
information such as beliefs, intuitions, world knowledge, is treated as occasion requires through the
interpretation process. The rhetorical relations of SDRT (Asher and Lascarides, 2003) are used to connect
each utterance to the other parts of discourse in the interpretation. A discourse is coherent when all
utterances in the discourse are connected to others and all anaphoric expressions have been solved. For
example,

sl: This cable is hot.

s2: An electric current is running.

If you can connect the utterances s1 and s2 with the rhetorical relation of Explanation, the phrase “an
electric current” in s2 will be considered to mean that an electric current is running through the cable
mentioned in s1. This short discourse becomes coherent.

The result of the interpretation is represented as a diagram. The diagram of classroom discourse branches off
and grows vertically and horizontally. The structures of coherent discourse in class can be identified easily by
using the diagrams. Various types of science classroom discourse are investigated and represented by the
diagrams in this presentation. Those structures are compared. The dependence on educational content and
teaching strategies like setting some choices beforehand for students are considered. We will also study the
situation which promotes students’ argumentation in teaching physics concepts.

Ohno, E. (2011). Analytic frameworks for studying science classroom discourse with dynamic semantic
approach. In the poster presentation of GIREP-EPEC 2011, Finland.
Asher, N. and Lascarides, A. (2003). Logics of Conversation. Cambridge, UK: Cambridge University Press.

Keywords: discourse, analysis, rhetorical relation, coherent, interpretation
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Modeling Activities with Prospective Physics Teachers
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Current secondary school (grades 9-12) physics curriculum [1] stresses the use and importance of new
instructional methodologies to make students physically and mentally active. For this reason, it is important
for (prospective) physics teachers to develop—preferably by engaging in learning activities employed in such
instructional methods-knowledge and skills in using these methods. One of the methods that would help
students become actively involved in their own learning is "modeling”. Modeling is an instructional method
that organizes the course around models [2, 3]. Halloun and Hestenes [4] used the modeling theory in
physics instructions by refining Kaplus’ learning cycle [2, 5]. Wells, Hestenes and Swackhamer believed that
every physics problem can be solved by modeling [2]. Modeling helps students understand scientists and
scientific processes by considering and controlling variables of physical events. During the modeling process,
students try to solve problem phases by identifying researchable questions given in problem situations and
explore their own conceptions of the subject matter related to the problem situation. In this study, we
describe two modeling activities: One is an activity on modeling “belt friction”, developed by us; and the
other is a well-known activity-modeling simple harmonic motion in “simple pendulum”. Based on the ideas of
pioneers of modeling in physics education [2, 3, 6], we have employed modeling activities in a laboratory
course for prospective physics teachers. We used these activities in two laboratory sessions, each lasting four
hours. During the activities, we observed prospective teachers’ positive attitudes toward and high
motivations in “*modeling”. In addition, we observed that prospective physics teachers were successful in the
model development phases such as description, formulation, ramification, and validation of the model. With
this research, we discuss both theoretical and experiential process of modeling by means of two modeling
activities. In this regard, this study might be helpful for (prospective) physics teachers in two ways: (1)
Prospective physics teachers’ positive approach towards modeling and success in modeling while learning
physics might motivate physics teachers to use this methodology in their physics classes while teaching
physics, then physics teachers may use these modeling activities in their physics classes, and (2) they may
develop new modeling activities by using our approach to enrich their physics classes.

References:
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Reproducing joule's experiment(s) in teaching the concept of energy
Yaron Lehavi
Department of physics, the david yellin academic college of education

In his famous series of experiments, Joule claimed to find relations between heat and other phenomena e.g.
chemical affinity, electromotive and electro-magnetic forces and even the passage of water through narrow
tubes. Joule's experiments, and especially the mechanical equivalent of heat (MEH) experiment, provided a
standard measure of processes belonging to domains in nature considered to be disconnected. They laid the
basis for our understanding of the concept of energy change as a measure of such processes. Moreover, the
fact that there is no dynamical relation for the Joule MEH experiment renders its importance for justifying the
use of the energy language. (Arons, 1999)

Surprisingly, however, Joule's MEH experiment was excluded from the curricula, symbolizing degradation in
the status of energy conservation in physics education. (Robinault, 1998) That, in spite of Joule's
experiments importance for teaching the subject of thermodynamics.(Sichau, 2000)

Therefore, due to the great importance of joule's conclusion with regard to the generality of his standard
measure of different phenomena, it is highly desired to reproduce his main experimental results. In this
paper we introduce a very simple device by which one can relate a change in height, speed and spring's
length to the process of heating a "standard" body. The temperature rise of this body might be agreed to be
the measure of the change in the quantity of energy in the process causing it. The device enabled us to
arrive experimentally at the known relations between the change in the amount of energy related to the
different mechanical processes and the variables that characterize them.

The experimental setup

The heart of our system, the standard body, is a small copper tube (~1 cm in length, 3 mm in diameter),
placed within a wooden block. In this tube, we embedded the sensor of a regular lab thermometer. Around
the tube we warped a string, which its upper end could be connected to the axis of a bicycle wheel (with
added weights), while its lower end could be connected to a weight or to a spring (the pictures bellow show
the apparatus with a falling weight).

Experiments and results

Experiment 1: heating by the process of falling

We arranged the setup as described in the above picture. We first dropped the same weight from different
heights until it reached its final height and then let different weights fall from the same height. In each time
we measured the temperature rise in the copper tube from the beginning of the process to its ending. The
wheel was used to monitor the process and to ensure that the change from the initial state of the weight to
its final state will involve only the change in height and not in speed. The results of this experiment are
illustrated in the following graphs:

Experiment 2: heating by the process of spring contraction

In this experiment, we employed the same setup as before but instead of a falling weight we connected to
the lower end of the string a spring which was held down to the floor. We then stretched the spring to
several lengths and let it contract. In each time we measured the temperature rise in the copper tube from
the beginning of the process to its ending. The wheel, as before, was used to monitor the process and to
ensure that the change from the initial state of the string to its final state will involve only the change in its
length. The results of this experiment are illustrated in the following graph:

Graph 2: Measurement of energy change (by temperature change) in the process of elastic contraction. x
denotes the extension of the spring over its loose state

Experiment 3: heating by the process of speed change

In this experiment, we connected the string's lower end to a weight (to keep it tense) and the upper end was
held free. We began the experiment by spinning the wheel and measuring its speed (by a regular bicycle
speedometer). We then attached the string's upper end to a hook connected to the wheel's axis and waited
until the motion of the wheel was stopped. We repeated the process for several initial speeds and in each
time measured the temperature rise in the copper tube from the beginning of the process to its ending. The
results of this experiment are illustrated in the following graph:

Conclusions and dicussion

The first experiment verifies rather well Joule's results with respect to a falling body, according to which the
change in temperature is linearly proportional to both the change in height and to the mass of the falling
body:

1) AT a m:Ah

The last two experiments extend Joule's results to two more processes: an elastic contraction and a change
in speed of a body:

2) AT a A(x2)

3) AT a A(v2)
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respectively.

If one accepts the idea that temperature change of a standard body can define (operationally) the change in
the quantity of energy in the above processes, one can attribute the above relations to such changes. In
other words, one may claim that relations 1 to 3 describe the change in the quantity of energy in the
processes of falling, elastic deformation and speed change respectively.

We therefore highly recommend the integration of the above described experiments into any curricula
addressing the subject of energy.

Keywords: Laboratory Activities in Physics Education, Teaching Physics Concepts; Learning Physics
Concepts; Secondary School Physics
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Anisotropy is everywhere
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Anisotropic materials are nowadays more and more significant in science and technology (for example liquid
crystals in LCDs). Even though the students are often in touch with such materials as they are so common in
our everyday life, they are not aware of the anisotropy as one of the key properties that enable the hi-tech
products they use so eagerly. This is partly because the concept of anisotropy and in particular the
consequences of the anisotropy, such as birefringence, are rather difficult to comprehend. Therefore it is
important to introduce the concept of anisotropy to students with as illustrative examples as possible,
according to their current knowledge of physics and mathematics.

Anisotropy is a general term describing that a particular property depends on direction, i.e., the material
does not have the same properties in all possible directions. Anisotropic properties are caused by the
anisotropic structure of the material. The main idea of this contribution is to present three different
experiments that help students develop conceptual understanding of the anisotropy. The experiments are
performed sequentially, starting with the most simple and intuitive one and finishing with the most complex
one.

In the first experiment a knitted pullover can be used as an anisotropic material. It is known that a knitted
cloth extends in one direction differently than in the other. Samples with different knitted patterns help us to
demonstrate the concept of anisotropy - the directionally dependent elastic constant. The knitted cloth is
acting as a spring, which can be stretched in any chosen direction. The dependence of the extension due to
the applied force of constant magnitude on the direction with respect to the knitting pattern is easily
observed and measured.

The second experiment is based on the anisotropy of wood. No particular effort is needed to persuade
students about wood being an anisotropic material, because fibre-like structure is observable with a naked
eye and anisotropy is quite obvious. As wood is easy to cut in a desired direction, a few centimetres thick
wooden plates with different fibre orientation are easily prepared in order to show birefringence and to
measure anisotropic refractive index of wood in the microwave region. By measuring the amplitudes of
polarised microwaves after propagating through different wooden plates the dependence of the extraordinary
refractive index on the angle between the incident beam and the fibres can be demonstrated qualitatively.
Fitting the observed values with the theoretical predictions enables quantitative results, but this can only be
done at the university level because it requires higher mathematical skills.

The last and the most complex experiment that illustrates anisotropy in the refractive index is based on liquid
crystals. A laser pointer and three wedge cells with different molecular orientations of nematic liquid crystal
are used. Due to the birefringence of the liquid crystal, two bright dots are observed, when a beam of non-
polarised laser light is passing through the wedge cell. Each dot corresponds to one of the two eigenvalues of
the refraction index of the liquid crystal in the wedge. The ordinary and the extraordinary refraction index are
determined from the measurements of the geometry of the setup, i.e, from the position of the dots relative
to the wedge and the angle between the incident beam and the wedge.

All three experiments aim at improving the conceptual understanding of the anisotropy as a general structure
dependent property of materials. Going from simple mechanical (knitted cloth as an anisotropic spring) to
complex dielectric (wedge nematic cells as optical elements) examples enable students to get an insight into
modern technological products they come across in their everyday life, such as liquid crystal displays. This is
one particular aim of the proposed experiments. Performing the experiments students develop step by step
the understanding of the anisotropy. At each stage they use the knowledge and understanding obtained at
the previous stage which finally leads to the generalization of the concept of the anisotropy. The impact of
the experiments on the conceptual understanding of the anisotropy was tested with the second year in-
service physics teachers. Results of the testing will be reported.

Keywords: anisotropy, knitting, liquid crystals, wood, conceptual understanding
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A comprehensive assessment strategy for physics laboratory courses
Rajesh Bhaskar Khaparde
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India

It is now well established that the physics laboratory training is supposed to develop in students, a variety of
important cognitive and psycho-motor abilities related to experimental physics, which include, conceptual
understanding, procedural understanding, experimental skills, experimental problem solving ability, etc. But
it has been noted that that strategies adopted for the assessment of what students learnt through a
laboratory course, are often inconsistent with the above mentioned objectives of the laboratory courses. The
results / grades are often too subjective and poorly discriminate among the students. It is felt that these
strategies are often non-discriminatory, inadequate from the point of reliability and validity and
unsatisfactory as an achievement test. In this paper, an assessment strategy, developed by the author is
presented, which can be used at the college and university level.

The strategy presented in this paper is based on four tools or components of assessment, namely, test on
conceptual understanding, test on procedural understanding, an experimental test and the continuous
assessment, with an appropriate emphasis on each. The first two are paper and pencil type tests, which
correspond to a single variable each, namely, the level of a student’s conceptual understanding and the
procedural understanding respectively. The third is centered around the variable ‘experimental skill’, but is
not a single variable measure; rather it is a composite measure of the experimental skills, problem solving
ability, conceptual understanding and procedural understanding. It is difficult to isolate the contributions of
each of the four variables to this composite measure. The fourth is based on students’ regular laboratory
work throughout the semester / year.

The paper will give details of all the four tools of assessment, with respect to type of questions, design,
grading schemes, administration of each tool etc. This paper will also give a set of sample questions/tests for
each tool of assessment.

To conclude, one must realize and appreciate that fact that the assessment strategy, based on which, each
student is assessed and given grades that appear in the final score, is a factor, which directly or indirectly
affects the seriousness and the effectiveness of the laboratory course. Therefore it is essential to have
focused and collaborative efforts by the PER community for the development of strategies for the laboratory
courses.

Keywords: Physics laboratory course, assessment strategy, tools of assessment, conceptual understanding,
procedural understanding, experimental skills, continuous assessment
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An Inquiry Based Approach to the study of concept of distribution in

statistical mechanics
Onofrio Rosario Battaglia, Claudio Fazio
Department of Physics, University of Palermo, Palermo, Italy

Many research results have highlighted how much the understanding of the concepts of physics can be
influenced by the conceptual difficulties connected with their mathematical representation. In fact,
mathematical representations are the basis for scientific descriptions and very often students have difficulty
in understanding the uses and limits of these representations.

Possible difficulties may include understanding a graph, which is generally defined as “interpretation” or
identifying the "meaning of a graph”, and its construction starting from data provided in the form of a table.
Research has also shown that students are helped to understand by learning to use scientific and
mathematical representations, like graphs and equations, and investigating the content in a specific and
concrete context.

With regard to the concept of distribution, the difficulties in understanding mentioned above have been
highlighted in several studies.

The distribution concept is a fundamental component of statistical thinking. It can be seen as a lens through
which the variability that exists in various phenomena in the real world can be looked at with greater clarity.
Examples of this include the distribution of values in the analysis of experimental data and the related
uncertainties, and the dynamics of the systems formed by many particles. In this last case, the distribution is
concerned with the variation of a physical variable (energy, velocity) between the individual particles that
make up a molecule sample (statistical mechanics).

The contexts mentioned above are clearly very different. However, it is not difficult to find analogies between
the two sample procedures, and it is not uncommon to find students who see the distributions of molecular
velocity as a consequence of the uncertainties involved in the evaluation of the velocity itself.

The proposed teaching method described in this work is intended as a study of the concept of distribution in
its characteristic aspects, like average value, more frequent value, variance, variability etc., and seeks to
overcome the difficulties previously mentioned. For this purpose a very specific activity for Engineer
students, related to the field of statistical mechanics, is proposed, in which the concept of the distribution of
velocity or the energy of a gas is dealt with using an Inquiry Based experimental examination of Maxwell’s
Law. In particular, the experiment and the subsequent processing of the data allows the distribution of the
velocity of the gas of electrons emitted by a metal as a result of a thermionic effect to be determined.

The examination of Maxwell’s law, using thermionic valves, was carried out by H. Germer in 1925 during his
time at the laboratories of “Bell Telephone”. This work is of particular importance because of the accuracy of
the results obtained.

It is on this experiment that the experimental activity proposed to the students is based. To sum up, the
procedure used allows the particles to be selected by grouping them together on the basis of their speed, and
determining their frequency. The methodology mentioned before is clearly the basis of the construction of
any statistical distribution. The same procedure can also be repeated at a varying temperature, therefore
allowing more distributions to be compared in relation to the sizes that characterise them.

By using this procedure we aim at allowing the students to understand the fundamental aspects of the
distributions in the field of statistical mechanics. Although it is applied to a specific field, this methodology
can also be effective in different fields such as the social and economic phenomenons.

Keywords: Teaching methods and strategies, Laboratory experiments and apparatus.
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Prospective Science Teachers' Misconceptions about Energy

Dilek Erduran Avci, Dilek Karaca
Science Education Program, Mehmet Akif Ersoy University, Burdur, Turkey

Science and technology literacy is emphasized in the science curricula of many countries. One of the
important dimensions of science and technology literacy is attaining improved understandings of the key
scientific concepts. Many studies about science and technology literacy emphasize ‘knowing science concepts
and understanding the meaning of them’. It is a fact that science and technology teachers and teacher
candidates have to understand the scientific concepts in order to raise students who are comprehend
scientific concepts. ‘Energy’ is one of the most important key scientific concepts. It is visible not only in
physics, chemistry, biology, and their relations to the environment, but also in science-technology-society-
environment contexts. In addition, an inspection of Turkish science curriculum reveals that energy concept
occupies a wide place from 4th to 8th grades in many teaching units.

The purpose of this study is to find out the knowledge of science and technology teacher candidates about
energy and reveal the misconceptions if any existed. The participants were 131 teacher candidates of
Mehmet Akif University Science Teacher Program. Teacher candidates were addressed three questions. These
questions inquire the concepts of mechanical energy, kinetic energy, potential energy, and the relations
among above three. The questions which are prepared by the researchers include examples from daily life.
Each of the questions has three stages. In the first phase, teacher candidates marked the choice which they
believed to be true. In the second phase, they explained their justification. Finally they defined their level of
certainty (strongly sure, sure, not sure, I do not know). Three physics education experts were consulted to
find out the levels of questions’ ability to reveal the misconceptions, understandability and accuracy.
Questions were rearranged according to the experts’ advices before application.

Analysis of data is performed in three phases. In the first phase, answers to the questions were grouped
according to the choices. In the second phase, justifications to the choices were examined. Using content
analysis, similar justifications were grouped producing common statements. These statements were
inspected by two field experts. It was found out that, experts were in total (100%) agreement with the
researchers. In the final phase, level of certainty was inspected.

68% of the teacher candidates successfully related the concept of kinetic energy to the mass, speed and
altitude of an object. Almost 30% of the teacher candidates possessed the misconceptions “kinetic energy of
an object is inversely proportional to the distance”, “kinetic energy of an object is proportional to the
distance”, and “Kinetic energy of an object depends on the way of distance”. A great majority of the students
who have the misconceptions stated that they were sure about their answers.

71% of the teacher candidates successfully related the concept of potential energy to the mass and altitude
of an object. Nearly 28% of them possessed the misconceptions “potential energy of an object is related to
distance” and “potential energy of an object is related to the velocity”.

Almost half of the teacher candidates successfully related mechanical energy to kinetic and potential energy.
Other half had one of the misconceptions “mechanical energy is related to the velocity”, “mechanical energy
is related to the distance”, and “mechanical energy is the sum of change in the energy”.

The students which successfully answered the questions about concepts of kinetic and potential energy
stated that they were ‘strongly sure’ or ‘sure’ about their answers. When the certainty levels of the question
about mechanical energy concept are examined, it was found out that half of the students were not sure of
their explanations where the other half was ‘sure’ or ‘strongly sure’ of their explanations. The justifications
and explanations of the majority of successful candidates were true but there were also numerous missing
and false explanations.

Teacher candidates, who have some misconceptions about science concepts, may sustain their
misconceptions as future teachers. This possibility raise the idea of their future students share their recent
misconceptions. The researchers think that awareness and correction of teacher candidates’ misconceptions
about key science concepts would contribute to training of future generations as science literate individuals.

Keywords: Energy, misconceptions, teacher candidates.
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experiment
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We present a design experiment (Cobb, Confrey, diSessa, Lehrer and Schauble, Design Experiments in
Educational Research, 2003) conducted in an Italian middle school class. We carried out a three years
experience about physics and astronomy teaching. The class was composed by 20 students of 11-14 years
old, with gender and nationality differences. The learning environment was designed to be rich and
interactive and with multiple instruments and models to collect, represent and interpret the data.

Our starting point was a learning progression (NRC, Taking science to school K-8, Washington D.C. National
Academies Press, 2007) about basic concepts in astronomy K-8 based on our previous experiences in
learning and teaching astronomy and physics. Focusing on big ideas of motion and light properties, this
progression suggests a three-phases educational pathway:

- the topocentric phase: from the observation of the daily and nightly sky above the local horizon to the
interpretation of the Sun and Moon phenomena both in terms of frames of reference and galileian relativity
and light propagation from sources with different dimension and increasing distance

- the geocentric phase: from the daily and yearly observation of the Earth illumination to the interpretation of
the seasons phenomenon in terms of variation in illumination hours and inclination of sun rays in respect
with different positions of the Earth

- the heliocentric phase: from the observer and the Earth perspective to the interpretation in the heliocentric
frame of reference.

We planned a teaching proposal based on this progression and we implemented it in the class collecting
qualitative data (photos, audiotapes of discussions and written reports). The testing and revising process was
informed by ongoing analysis of students responses and potentialities of the learning environment.

We present the results of the retrospective analysis of the entire experience.

Keywords: astronomy, physics, design experiment
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Mass from classical physics to special relativity: learning results
Emanuele Pugliese, Lorenzo Gianni Santi
Department of chemistry, physics and environment, University of udine, Italy

Mass is a fundamental physical quantity, present in almost all school curricula, from primary to high school
level. It shows a manifold character: Newtonian physics established inertial and gravitational facets together
with the metaphysical “quantity of matter”. In Special Relativity (SR), we must add the relation with internal
energy (rest energy). In some formulations of SR the quantity “relativistic mass” is used as a proper physical
quantity, even if nowadays most of the scientific community considers it useless and misleading in terms of
teaching [Okun, 2001].

This multifaceted character of mass as well as the persistence of the ontological vision as quantitas materiae
makes the concept very difficult to understand soundly. By the way, we recall that in General Relativity
mass-energy modifies the geometry of space-time.

The following learning difficulties were found in high-school textbooks: identification of weight with
gravitational mass; belief that a beam balance measures weight; inertial mass defined operationally through
F/a, where, as a literature example, F is the measurable force impressed by a compressed spring. On the
subject matter ground, quantitas materiae vision has also generated misconceptions concerning the mass-
energy relation: mass is converted into energy, in a generic sense (6 high-school textbooks); E=mc/2
represents conversion of mass into energy (1 high-school textbook); confusion/mistakes between energy
conservation law and mass conservation law (3 textbooks) [Lehrman, 1982].

In addition, it came out a teleological-qualitative view of mass preferred to operative-quantitative-formal
(scientific) vision [Doménech, 1993].

For these reasons, we sustain the importance of building an unitary framework, which can give significance
to the fragmentary conception present in the different theories involving mass. We therefore carried out an
exploration of the ways used to learn the concepts above by strongly motivated students; we also inquired
how they have put these ideas in relation. Our aim was to find what students’ lines of reasoning are, in
absence of any other learning difficulty. In particular,

1) How and in which contexts students related themselves to the term "mass" and make use of it?

2) How do students interpret the extension of the concept "mass" to "mass as rest energy" in the relativistic
context (under the influence of our path)?

We took a sample of 42 talented students, selected for attending a modern physics summer school. Our
activity consisted in an interactive tutorial, on historical basis, with proposals for individual reflections and
group discussions. We gave each student some working sheets outlining the whole path, with a number of
open and closed questions inside. In the written post-test we asked the role of mass in everyday life of
students, also in term of phenomena; what theories of physics study these phenomena; their ideas of
quantity of matter; the connotations they gave to “"mass” and if the inertial mass of a body depends on its
energy (apart from the kinetic energy). For our investigation on their relativistic mass conceptions, we simply
asked to define it explicitly.

As preliminary results, some interesting elements turned out. For instance, the phenomena evoked in
semantic areas familiar for the students are in large part mechanical ones; the pre-theoretical conception of
quantitas materiae is rooted in most of their minds; there is awareness of the importance of mass in
electromagnetism in a few students. Mental representation of mass seems related to the learning
environment: we noted a local view of the mass in SR in a context defined by speed and a grasping of the
concept of mass in SR as limited to a "chapter" of physics. Eventually, the young talents show very good
ability to formalize, the relationship mass-rest energy being an exception in this regard: the “relational” level
of representation [Doménech, 1993] is prominent.

e Lehrman R.L., The Physics Teacher, 1982, vol.20, pp. 519-523;

e Doménech et al., Int. J. Sci. Educ., 1993, vol. 15, n. 2, pp.163-173;

e Okun L., Photons, Clocks, Gravity and the Concept of Mass. Transparencies of the 18th Henry Primakoff
lecture at the University of Pennsylvania, Philadelphia, USA, April 11, 2001 and of the Special lecture given at
the 7th International Workshop on Topics in Astroparticle and Underground Physics, Laboratori Nazionali del
Gran Sasso, Italy, September 9, 2001.

Keywords: mass, mass-energy, rest energy, quantitas materiae, inertial and gravitational mass, relativistic
mass, talented students, interactive tutorial
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Investigating thermoimaging in augmented multisensory learning about
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Infrared (IR) thermal imaging is a powerful technology which holds the pedagogical potential of *‘making the
invisible visible’, and is becoming increasingly affordable for use in educational contexts. Science education
research has identified many challenges and misconceptions related to students’ learning of thermodynamics,
including disambiguation of temperature and heat, and a common belief that our sense of touch is an
infallible thermometer. The purpose of the present study was to explore how thermal imaging technology
might influence students’ conceptual understanding of heat and temperature. This was carried out by
investigating three different conditions with respect to students exploration of the thermal phenomena of
different objects (e.g. wood, metal and wool), namely the effect of students’ use of real-time imaging
generated from a FLIR i3 IR camera, students’ interpretation of static IR images, and students’ deployment
of traditional thermometer apparatus. Eight 7th-grade students (12-13 years old) worked in pairs across the
three experimental conditions, and were asked to predict, observe and explain (POE) the temperature of a
sheet-metal knife and a piece of wood before, during and after placing them in contact with their thumbs.
The participants had not been exposed to any formal teaching of thermodynamics and the ambition was to
establish if they could discover and conceptualise the thermal interaction between their thumbs and the
objects in terms of heat flow with minimal guidance from the researchers. The main finding was that a
cognitive conflict was induced in all three conditions, as to the anomaly between perceived ‘hotness’ and
measured temperature, with a particular emotional undertone in the real-time IR condition. However, none
of the participants conceptualised the situation in terms of a heat flow. From the perspective of establishing a
baseline of the understanding of thermal phenomena prior to teaching, extensive quantities, e.g. ‘heat’ or
‘energy’, were largely missing in the participants’ communication. In conclusion, although an unguided
discovery or inquiry-based approach induced a cognitive conflict, it was not sufficient for adjusting the
students’ conceptual ecologies with respect to the age group studied here. Future research will exploit the
promise of the cognitive conflict observed in this study by developing a more guided approach to teaching
thermal phenomena that also takes full advantage of the enhanced vision offered by the thermal camera
technology.

Keywords: Thermoimaging, augmented multisensory learning, discovery learning, heat, conceptual change,
cognitive conflict
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Reasoning and models of talented students on electrical transport in

solids

Giuseppe Fera, Marisa Michelini, Stefano Vercellati

Department of Chemistry Physics Environment, Physics Education Research Unit, University of Udine, Udine,
Italy

Electrical phenomena and relative transport properties are the basis of broad spectrum of applications and
are included in curriculum at all ages for learning important concepts involved in their description (current,
field, potential,.). The approaches are mostly of experimental explorations, but is missing an organic and
coherent integration with electrostatic and electromagnetic phenomena both on macroscopic as microscopic
level. The treatment of circuits may be included, where it is necessary linking the conceptual meaning of
physical quantities (potential, current) with the systemic vision, overcoming local reasoning (Psillos, 1997).
Building the link between the macro/micro levels of description of processes is a relevant aspects for learning
(Ganiel & Eylon, 1990; De Posada, 1997; Wittmann & et al., 2002). Then, the goals of this study are to
determine: 1) what are the critical aspects of students’ reasoning about microscopic processes that play a
role in the interpretation of phenomena? 2) how do different activities (simulations, experiments, analogies)
favorite the integrate interpretation on macro/micro levels and how they could be used in different contexts?
3) how it’s possible to overcome the dilemma of displaying microscopic world? (Mashhadi & Woolnough,
1999; Seifert & Fischler, 2003) 4) how could be approached the actual quantum mechanics description in
continuity with classical model? (Lomax, 1992) 5) how do the students report on quantum model when it is
presented to them?

To collect best students’ reasoning and models we did a tutorial with a sample (N=40) of talented students
selected from the whole Italian secondary schools to take part in a school of excellence in modern physics.
They were engaged in concrete and abstract contextual situations. The data were collected during a brief
tutorial that explores the following aspects: nature of the electrical charge, potential, current and resistance,
processes of electric conduction in solids, dependence of metals and semiconductors resistance on
temperature. The personal involvement of subjects in phenomenology actives the interpretative processes,
therefore the tutorial use the conceptual interpretative tools of IBL methodology (Abd-El-Khalick & et al.,
2003)

Data analysis was performed in a qualitative way, organizing in conceptual classes the interpretations, the
reasoning profiles and the different uses of concepts.

Preliminary results show that: 1) the conceptual interpretative tools of IBL methodology promote the
evolution of student’ ideas from the common sense to the scientific view; 2) connecting the electrical
phenomena to structure of matter not only was a major success of physics, but it is also a possible way to
address the widespread and persistent difficulties that students encounter in understanding interpretative
microscopic models.
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The evaluation of a basic training text-book on physics with method of

entry and drill for university students majoring in liberal arts
Katsuichi Higuchi
Department of Humanity, Kobe Kaisei College, Kobe Japan

We aim at making university students majoring in liberal art who want to become an elementary school
teacher get to understand and like physics with the aid of a basic training text-book which we produced in
2010. In Japan, it was pointed out that a lot of students dislike science as well as mathematics recently on
the White paper about science and technology published by Ministry of education, culture, sports, science,
and technology Japan in 2006. This problem is regarded as one of the most important ones in social science,
and many researches have been carried out.

The establishment of elementary school teacher training course has been increasing rapidly at women'’s
university with a faculty of liberal arts and so on. It has been started in 2009 as well at Kobe Kaisei college.
In previous study, for 87 freshmen in 2009 at our college, it became clear that the amount of 51% students
hated science, the 70% hated physics though only 34% hated biology. There was the same tendency for 6
students who wanted to become an elementary school teacher as for the 87. Then it is considered that there
are a lot of students who dislike science because they dislike physics.

Therefore, in order to reduce the physical hate we created ‘Basic physics training text-book using the method
of entry and drill’. We created two of types texts. One is for students and the other is for teachers. Much
space is provided to transcribe the points on Power Point slides shown by a lecturer for student’s.
Furthermore, there are examples and exercises in the text-book. Students listen to explanation of the points
and examples from the lecturer, then they can solve its exercises in it.

After the students attended a class using this text-book, all of them got to be able to solve the exercises and
to like physics. All strongly supported the method of entry and of drill. However all couldn’t solve the
exercises including two step processes. It can be considered that if one more step should be added to this
text-book, they get to like physics more and more. Here it is confirmed that because one of six students
chose a science class in high school, the text-book is easy for her and an applied exercises are needed for
her.

In this instructional design idea, the students majoring in liberal arts who dislike physics got to be able to
solve the easy exercises through writing work by the aid of our original drill text-book, so that they get to
like physics. It is hoped that they get to like physics more and more by solving more high level exercises.

Keywords: drill, entry, elementary school teacher, liberal arts
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Using the Force Concept Inventory and the Force and Motion Conceptual
Evaluation to assess the effectiveness of the interactive engagement

approach in introductory physics instruction at a Japanese university
Michi Ishimoto
Kochi University of Technology

Pedagogical studies conducted over the past two decades in the United States have demonstrated that many
recently developed active learning or interactive engagement (IE) strategies are intrinsically more effective
than traditional approaches. The normalized gain on a multiple choice test used as a measure of student
understanding of Newtonian concepts is about 0.2 for students taught with the traditional approach and in
the range of 0.3 to 0.6 for students taught with the IE approach. Most faculty members of Japanese
universities adopt traditional approaches in teaching introductory physics. Their prevailing belief is that
student learning largely depends on students’ preexisting knowledge—not on teaching strategies. University
students’ preexisting knowledge can be characterized by the type of university entrance examination written,
the type of high school physics curriculum taught, and the scores achieved on a mathematics aptitude test.
This study uses the pretest and posttest of the Force Concept Inventory (FCI) and the Force and Motion
Conceptual Evaluation (FMCE) to examine the effectiveness of students’ conceptual learning in terms of
teaching strategies and students’ preexisting knowledge. We assessed the test results of 450 first-year
university students attending an engineering school at Kochi University of Technology who had taken an
introductory mechanics course. We divided them based on teaching approaches: Two groups were taught
with a traditional approach, and one group was taught with IE strategies. Peer instruction and tutorial
recitation teaching methods were used with the group taught with IE strategies. The FCI was administered to
half of the students in each group before the first class and before the final examination for an introductory
mechanics course, and the FMCE was administered to the other half of the students in each group at the
same time. The normalized gains of the two groups that had been taught with a traditional approach for both
the FCI and the FMCE were about 0.2, whereas the normalized gains of the group that had been taught with
the IE approach were about 0.4; the results were consistent with those previously found in the United States.
We analyzed the pretest and the posttest scores based on the following information about students: (1) the
university mathematics placement test score, (2) the type of high school physics curriculum taught, (3) the
type of university entrance examination written (some students are admitted to university based on the
recommendation of their high school without having to write an academic aptitude test), (4) gender, (5) the
national aptitude examination score, and (5) the type of instruction strategies employed in an introductory
mechanics class. We found the instruction strategy to be, by far, the most effective contributor to students’
understanding of Newtonian concepts. The IE instruction resulted in large learning gains, regardless of the
students’ preexisting knowledge, whereas the traditional instruction resulted in small learning gains, which
means that the posttest score reflects their preexisting knowledge.

Keywords: Force Concept Inventory, Force and Motion Conceptual Evaluation, interactive engagement
approach, Japanese university
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A proposal of learning based on projects and problem solving on musical

acoustics
Erica Macho Stadler, M2 Jesus Elejalde Garcia
Departamento de Fisica Aplicada 1, Universidad del Pais Vasco/Euskal Herriko Unibertsitatea UPV/EHU, Spain

Musical acoustics deals with the physical and psychoacoustical principles underlying the production and
perception of musical sounds. This old experimental science provides an excellent introduction to the Physics
of acoustical systems, and it shows a great potential for students' original projects at all educational levels.

In this work, we present a proposal of project based learning, dealing with the generic properties of the
vibrations and sounds of musical instruments. The project is related to some Acoustic concepts, such as
resonant systems, frequency spectrum, sound pressure levels, transients, psychoacoustic parameters,
acoustic impedance, etc that are important in some branches of Physics and Engineering. It has been
designed and intended for students of undergraduate programs of the Faculty of Engineering of Bilbao.

One of the problems of the Musical acoustics that has attracted attention and interest, is to find the reason of
the apparent superiority of old Stradivarius and Guarnerius violins, over their newer counterparts that are
often near exact copies of the older. Many explanations have been proposed: a magic recipe for the varnish,
the special quality of wood resulting from microclimate changes, etc. However, as the recent research shows,
the differences in taste among individual violinists, along with differences in playing qualities among
individual instruments, appear more important than any general differences between new and old violins.

This project-based-learning approach proposes to the students the study of the acoustical attributes of a
cheap violin and the comparison of the obtained results with those summarized in literature for old Italian
instruments. During the development of the project, the students have to work with:

e the vibrational modes of stringed instruments

¢ the radiation of sound by such structures

¢ the characteristics of the sounds of individual instruments

e the subjective assessment of the quality of musical instruments

¢ the relation of the playing qualities to the measurable attributes of the instruments

This type of learning methodology can be easily extended to the study of wind and percussion instruments.

Keywords: PBL, Acoustics
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Project based learning in Architectural Acoustics
Ma Jesus Elejalde Garcia, Erica Macho Stadler
Departamento de Fisica Aplicada 1, Universidad del Pais Vasco/Euskal Herriko Unibertsitatea UPV/EHU, Spain

In the last decades a growing interest towards the acoustical quality in buildings has been detected, and we
can cite the birth of new acoustical regulations in various European countries. When designing or restoring a
room for speech and music, the focus will be on cultivating the useful components of the sound in the room,
and on avoiding noise from outside and from installations.

The Physics of sound and vibrations has always played a main role in the basic formation in Engineering.
However, many engineering students find that this basic training is insufficient for the work to be engaged in
some companies. As a result, they demand to the University the opportunity to enhance their knowledge with
complementary elective courses or developing some projects.

This work gives an overview of some of the students’ projects that are related to acoustic design, acoustic
restoration, and loudspeaker installations in classrooms and halls. The projects were developed by
undergraduate students of the Faculty of Engineering of Bilbao. Teachers, students or industry proposed the
problem that became the basis for the project work. Under teachers’ supervision, the students analyzed the
problem and, after working on possible solutions, they had to implement one of the options.

Keywords: PBL, Acoustics
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Solid state physics - new approach in the Electromobility programme
Tomas Vitu, Martin Scholtz, Zuzana Mala, Danuse Novakova

Department of Applied Mathematics, Faculty of Transportation Sciences, Czech Technical University in
Prague, Prague, Czech Republic

In recent years, a new bachelor study programme called Electromobility was established at the Czech
Technical University (CTU) in Prague. Considering the aims of CTU in Prague - to educate students for their
future technical practice - the main goal of this subject is to extend the theoretical background of leading
technologies in the industrial applications. We established new subject called Solid State Physics and
Tribology in order to introduce the problems of materials, surface engineering and friction, namely the
structure of the solid body, the basics of crystals formation, their defects and disordering and, mainly the
outgoing physical and chemical properties of the solid materials and surfaces. We used the modelling
software Crystal Impact Diamond for demonstration of the crystals formation, defects generation and effects
of macro-, micro- and nanoscale loading. This education approach helps better understanding of the 3D
structure formation and the macroscopic properties of crystalline materials as the consequences of
microstructure. The second part of the subject is aimed to the problems of surface engineering. The
theoretical background given by solid state physics is extended to the industrial materials properties. The
surface geometry is defined and, based on this premises, the basic contact behaviour of two real surfaces is
introduced. Students meet the problems of solid-body friction and the effects of these phenomena on the
industrial materials performance and lifetime are defined. Consequently, the modern techniques of surface
treatment are introduced. This course is aimed to the thin coatings deposition. The practical part of the
subject is focused on the modelling of crystalline structure, defects and properties calculations, and, second,
on the thin film deposition (physical and chemical vapour deposition) and consequent characterization of the
mechanical, chemical and tribological properties, such as thickness, adhesion, hardness, chemical
composition, structure, friction coefficient, wear rate and wear debris characterization. The main goal of the
subject Solid State Physics and Tribology is to introduce the modern techniques of surface treatment that
could lead to the energy savings due-to-friction. Unfortunately, the global political position counts with wide
expansion of green technology regardless on all financial and resources incidents. However, many of these
“green” approaches, such as efficiency and energy savings, could be fully solved by improvements based on
the friction problems. It is well known that the mechanical systems lose their efficiency mainly due to friction.
These dissipations could reach even about 30 %. The best green technology could save about 5 % of total
energy demands, if ever. Students being prepared for the technical practice should be able to think about the
advisability of the state-of-the-art technological solutions. Besides the theory of solid state and surface
engineering, this subject should spark off a debate about the sense of "green fever" with regard to the
technological demands and the total energy input.

Keywords: Solid state physics, tribology, wear, green technology, energy savings
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Undergraduate Students’ Perceptions of the Introductory Physics

Laboratories
Elif Ozulku, Emine Adadan
Bogazici University

Physics is considered to be a tough and abstract discipline, and introductory physics courses do little to change this
negative attitude towards physics (Blickenstaff, 2010). Yet, research studies have shown that students usually
enjoy working in the laboratory (Deacon & Hajek, 2011; Hanif, Sneddon, Al-Ahmadi, & Reid, 2009; Sneddon,
Slaughter, & Reid, 2009). This could mean that laboratory sessions may be a chance to dispel the bad reputation of
physics. However, the other line of research reported that even though laboratories are expensive with regards to
resources and the time spent by students and staff, laboratory sessions generally are not considered to be a
valuable learning experience (Kirshner & Meester, 1988). In this respect, it is important to make sure that the
students enjoy the laboratory sessions and ascertain whether they are able to develop conceptual understandings
about difficult topics in physics. Previous studies reported different kinds of issues that need improvement in
laboratory instructional designs, despite the fact that students have positive attitudes towards physics laboratories.
Although laboratory experience is considered to be important in student learning, there is little research in Turkey
which investigates undergraduate students' perceptions of the laboratories where the cookbook implementation is
predominant. The purpose of this study was to investigate if undergraduate students enjoy the way in which their
laboratories are managed and if students find laboratories’ contribution to their understanding and achievement in
physics meaningful. Thus, the research questions follow: (1) “what are the undergraduate students’ views about
the effectiveness of the physics laboratories?” and (2) “what are the problems about physics laboratories that
undergraduate students suffer from?” This was a quantitative study including the responses of 216 freshman and
sophomore students, who took introductory physics laboratory courses in one of the universities in Turkey, to a
survey developed by the researchers in order to seek answers to the research questions mentioned above. The
survey consists of 46 Likert type items, 2 multiple choice questions, and 7 items constructed in semantic differential
type. The items were constructed carefully by reviewing the literature, making interviews with students before the
pilot test of the initial version of survey with 98 participants. The results indicated that the students are mostly
satisfied with their laboratory experiences which is in agreement with the conclusions of the previous studies
(Deacon & Hajek, 2011; Hanif, Sneddon, Al-Ahmadi, & Reid, 2009; Sneddon, Slaughter, & Reid, 2009). However,
the participants would like to have a lab partner, because they think that having a partner contributes to their
learning. In addition, the participants believe that having more assistance from lab instructors would be helpful for
their learning and achievement in these lab courses. Based on these results, it appears that the interactions among
students and between students and the instructor during the laboratory sessions with different instructional
arrangements or opportunities need to be increased to improve students' learning in the physics laboratories.
Moreover, many students (87%) believed that the physics laboratory experiments should be in alignment with the
theoretical section of the course. Surprisingly, the students were pleased with the cookbook lab implementation.
Apart from the main focus of this study, it came out that the participants of the study prefer following the
procedures blindly, without understanding the theoretical background. This finding could lead the reader to question
the willingness of the students to learn. Keeping in mind that the current design of the university physics
laboratories in Turkey is very similar to the physics laboratory courses in the university under discussion, it can be
inferred that the designs of these laboratory courses should be reconsidered by taking into account these students’
reflections concerning the physics laboratories.

References

Blickenstaff, J.C. (2010). A framework for understanding physics instruction in secondary and college courses.
Research Papers in Education, 25 (2), 177 - 200.

Deacon, C.D., & Hajek A. (2011). Student perceptions of the value of physics laboratories, International Journal of
Science Education, 33(7), 943-977.

Hanif M., Sneddon P.H., Al-Ahmadi F.M., Reid N., (2009). The perceptions, views ad opinions of university students
about physics learning during undergraduate laboratory work, European Journal of Physics, 30, 8-96.

Kirschner, P.A., & Meester, M.A.M. (1988). The laboratory in higher science education: problems, premises and
objectives. Higher Education, 17, 81-98.

Sneddon, P.H., Slaughter K.A., Reid N. (2009). Perceptions, views, and opinions of university students about
physics learning during practical work at school. European Journal of Physics 30, 1119-1129.

Keywords: Physics laboratories, students' perceptions of physics laboratories, undergraduate students

136



Pl1. (5. 09

Strand 7: University Physics
Poster Session - 1.05

Date & Tinme: 03.07.2012 / 13:00 - 14:00
Room D406 (3rd Fl oor)

Comparing different teaching approaches about Maxwell’s displacement

current

Mauricio Pietrocola?, Ricardo Karam?!, Debora Coimbra?
1School of Education, University of Sdo Paulo, Brazil
2Federal University of Uberlandia, Brazil

Maxwell’s insertion of the displacement current term in Ampere’s law is beyond doubt one of the greatest
achievements of the human mind. It was a crucial step for the prediction of electromagnetic waves that led
to the unification of electromagnetism and optics. From an epistemological point of view, it also represents a
major innovation in physics’ methods, since the term is deduced within a pure theoretical reasoning instead
of being the mathematical representation of empirically observable phenomena.

Due to its relevance, the teaching of the displacement current is one of the most important topics of any
course on electromagnetism. However, there are many possibilities for justifying the need for this term,
which emphasize different aspects and encompass different views of the nature of science. In order to
investigate these differences more deeply, we have analyzed four physics lectures on this topic, which were
given by four different lecturers in undergraduate introductory level courses. Based on the analysis of these
lectures and the historical/philosophical literature on this issue we propose a set of five criteria for comparing
the lectures, which are briefly described in the following:

1) Compatibility with the continuity equation

It is analyzed if the incompatibility between Ampere’s law and the charge conservation principle is
mentioned. In a deeper level, we are also interested in seeing how this inconsistency was presented and
solved (e.g. integral or differential formalism).

2) Symmetry of the field equations

One possible justification to the introduction of the displacement current term is related to symmetry
arguments. Therefore we observed if these arguments were mentioned in the lectures and how they were
justified.

3) Charging capacitor problem

The charging capacitor problem is “pedagogically irresistible” when teaching about the displacement current.
We analyzed its role in each lecture (e.g. introduction or application) and the way it was solved by the
lecturers.

4) Philosophical discussions about the theory-experiment relation

This historical episode is very suitable to motivate deep discussions about the nature of physics, especially
concerning the theory-experiment relation. We investigated if these kinds of discussions were present in the
lectures and how they were conducted.

5) Reference to Maxwell’s reasoning

Both Maxwell’s original works and historical papers show that Maxwell’s own reasoning followed intricate
paths and used mechanical models as analogies; so that it is very hard for us to grasp what he actually did
with the tools available today. In this sense, one should be careful when attributing to Maxwell things that
were developed after him. We analyzed whether the lecturers were aware of this fact or if they inadvertently
used expressions like “*Maxwell did that” in the lectures.

In this work we present a synthetic analysis of four lectures according to these five criteria. Our goal is to
provide enough arguments to foment the debate about what would be the possible “ideal lecture” on this
topic. We have also analyzed each one of the lectures with the software Videograph and a set of categories
(presented elsewhere) to examine of the role of mathematics in physics instruction. The timelines plotted by
the software provide visual representations of the considerable differences between the lectures.

Keywords: Displacement current, Physics lectures, Comparative study
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Transparent anisotropic materials in monochromatic and white light
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An anisotropic material is birefringent and consequently one ray of light splits into two rays with different
polarization after passing through it. Because the two polarizations have different phase velocities, the phase
shift results in elliptical polarization. Using polarisers, one detects variation of intensity of light for different
elliptically polarized states. A confusion arises, when the white light is used instead of monochromatic
illumination. In that case, the transmitted light is coloured. We present a set of experiments to suppress this
confusion.

The experiments are based on anisotropic materials (transparency or some layers of scotch tape) between
two crossed polarisers. To illustrate the problem, students are illuminating the sample with a monochromatic
light (laser beam) and the whole spectrum of wavelength (white light). They observe with naked eye (or, in
the case of a laser beam, with the photodiode) the change in intensity of the transmitted laser beam and the
colour changes when illuminated with white light, while they are changing the thickness of the sample and
the angle of incidence (observation).

To understand and clarify the problem, why they see colours in the case of white light illumination, they
measure the spectra of transmitted light. They observe also the colours and relate them to the spectrum
changes, while rotating one of the polarizer. The experiment shows students that different wavelengths
become differently polarized and consequently differently absorbed [1].

For an additional experiment, students can observe the conoscopic figures of the same sample with lasers
with different wavelength and with diffused white light. They can observe the difference in the distance
between minimums and maximums of intensity of the pattern while using different monochromatic light
sources and the mixture of the monochromatic patterns while using white light.
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Mechanics Online: Introductory Physics Course Focused on Problem
Solving

Saif Rayyan, Analia Barrantes, Raluca Teodorescu, Daniel Seaton, Yoav Bergner, Andrew Pawl, Stephan
Droschler, Gerd Kortemeyer, David Pritchard
Massachusetts Institute of Technology

We have launched the Mechanics Online Course (http://relate.mit.edu/physicscourse) developed by MIT's
REsearch in Learning, Assessing, and Tutoring Effectively (RELATE) group and hosted on the LON-CAPA
course management platform (http://loncapa.org). The course aims to develop better problem solving skills
by engaging student with the Modeling Applied to Problem Solving Pedagogy (MAPs). In MAPS, students are
trained to spend more time planning a strategy to solve problems by thinking about the possible systems and
interactions to consider and explain which physical "Model” best applies in the given physical situation [1].
The Models in MAPS are instructor generated, and they align with the topics found in a standard college
mechanics syllabus. Students employing the MAPS pedagogy showed significant improvements in their
problem solving skills, attitudes towards learning, and on performance in subsequent courses [1, 2].

Within the online course, chapters and modules are organized by learning objectives that feature electronic
text, animations, videos, and worked examples. The course contains hundreds of assessment items, some
used as “Check Points” to gauge a student’s understanding of a single concept discussed in the material, and
others as homework to be finished at the end of each chapter. Homework problems are classified into “easy”,
“medium”, and “hard” problems, where more difficult problems are weighted higher in points. Students
choose the level at which they work problems and are required to achieve a certain number of points in order
to acquire full credit [4]. The majority of these problems and their categorization are based on results from
physics education research [3]. The content of the course is made available through the loncapa network,
and teachers can choose components of the course to use in their classes.

We present the course structure, and report on the results from the first implementation. In addition to
offering the course for free online, we have used the content to teach a section of introductory physics in a
flipped classroom at MIT. We compare the student’s performance in the online offering to the MIT course,
and use that to motivate our planned implementation of Item Response Theory in LONCAPA network,
enabling universal grading of the students that is independent of which school they go to, or what problems
they work. We are looking for users and collaborators.

[1] "Modeling Applied to Problem Solving” AIP Conf. Proc. 1179, pp. 51-54 (2009)

[2] “Improved Student Performance In Electricity And Magnetism Following Prior MAPS Instruction In
Mechanics” AIP Conf. Proc. 1289, pp. 273-276(2010).

[3] “Toward an Integrated Online Learning Environment” AIP Conf. Proc. 1289, pp. 321-324(2010).

[4]” When students can choose easy, medium, or hard homework problems” AIP Conf. Proc. 1413, pp. 81-
84(2011)
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Hidden elements influencing the teacher candidates’ ideas about concept

mapping
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The concept maps were used firstly by Novak (1990a) at the college level to help students’ meaningful
learning of subject matter in science and mathematics. They represent the concepts of a topic by effective
graphical tools and also connect the concepts meaningfully in the form of propositions (Novak, 1995; Novak
& Gowin, 1984, p.15; Novak & Canas, 2008). Concept maps outline the major points of the topics in a
systematical way; they make key ideas clear for both teachers and students (p.15), and give opportunity
exchange ideas and foster cooperation between teacher and students (Novak & Gowin, 1984, p.23). So, they
can be used in science instructions by teachers for different aims in each period of instruction; such as
instructional planning (Novak, 1990b; Novak 1995), advance organizer in the exploration of students’ prior
knowledge (Willerman & MacHarg, 1991), in the exploration of students” misconceptions (Novak, 1990b) and
as an assessment tool (Kaptan, 1998; Kaya, 2003; Novak, 1990a).

In this qualitative research, we have examined the teacher candidates’ ideas about the concept mapping.
Two groups (each group with four teacher candidates) of teacher candidates from two universities
participated in the study. The data were collected via interviews. Video records were transcribed and the
concept maps (drawn during the interviews) of each participant were matched with his/her interview
transcript, and then the data were coded. The results showed that, although most of the participants in this
study thought that concept mapping is an effective tool to teach physics, they believed that there are some
elements influencing the usage of the concepts maps. In other words, we identified that the teacher
candidates were not enthusiastic about the use of concept mapping varied for some reasons such as
language, limitation in the assessment, limitation in the expressions, teacher’s knowledge. In addition,
because of being inappropriate with Turkish language structure well, although they know concept mapping,
they had difficulty in mapping.

Keywords: concept maps, teacher candidate, physics educaiton
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Integrating multiple modes of representation into physics teacher

education through digital video analysis

Richard Hechter

Department of Curriculum, Teaching, and Learning, Faculty of Education, University of Manitoba, Winnipeg,
Canada

This poster presentation will present preliminary research that explores preservice physics teachers’ current
positioning within, and projected future use of, multiple forms of representation through infused technology
within the physics classroom. This is accomplished through the overlapping integration of the symbolic,
numerical, graphical, and visual modes of representation demonstrated with the use of Ipad technology and
the digital video analysis of an ice hockey “saucer pass”.

The province of Manitoba, as indicated in the recently released results of the Pan-Canadian Assessment
Program (PCAPs) and the Programme for International Student Assessment (PISA), ranked near or at the
bottom of Canada’s provincial rankings in terms of student achievement and understanding of science.
Research suggests that effective use of multiple modes of representation in the teaching of physics enables
students to develop deeper conceptual understanding. Classroom activities aimed at the successful
integration of technology to improve teaching and learning are necessary to help reverse this trend.

With the availability and accessibility of modern technology and hand-held probeware for classrooms
increasing, so too has the integration of the Ipad within physics education. This poster focuses on preservice
physics teachers using the Ipad, specifically the Video Physics application developed by Vernier, with
secondary level physics students to incorporate different modes of representation of physics phenomena.
With a general trend towards getting students mobile in the classroom, multi-purposed hand-held science
probeware and equipment that enable data collection, display, and analysis are becoming increasingly
valuable.

Preservice physics teacher education courses are the home of transformative experiences aimed towards
developing teacher identity, efficacy, pedagogical strategies and decision-making through the context of K-12
physics concepts and curriculum. Within these courses, insight into best teaching practices that evoke
meaningful learning suggests that inclusion of explicit integration of complementary modes of representation
of physics phenomena, concepts, and data, be an explicit part of physics teachers’ pedagogical approach.

A significant accomplishment of the project is the activity’s ability to combine practical classroom ideas with
instructional design. In using the Ipad, and then following it with Logger Pro, students are exposed to four
different modes of representation of the physics used in the saucer pass, namely: visual, numerical,
graphical, and symbolic. In being cognizant of different student learning styles and cognitive theory, the
integration of numerous modes of representation of physics phenomena is critical to facilitating and engaging
more students in meaningful and authentic learning experiences. Therefore, science educators must learn to
successfully implement multiple modes of representation effectively when making pedagogical choices.

This activity can be used in the classroom setting by teachers who carefully construct and plan their
curriculum to expose students to multiple modes of representation towards providing students varying
opportunities to learn. As well, divisional and provincial science curriculum coordinators can learn to
incorporate these types of activities into the professional development opportunities provided to their staff
members through effective modeling of high-level, technology infused, multi-sensory learning techniques
aimed at improved teaching and learning.

Keywords: Physics teacher education, technology integration, digital video analysis, saucer pass
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Fostering understanding of basic electricity concepts by integrating the
teaching-experiment methodology into pre-service teacher training

programs

Hildegard Urban Woldron?, Veronika Valenta?

lUniversity of Vienna, Austrian Educational Competence Centre Physics, Austria
2pedagogical University Niederdsterreich, Austria

The study investigated the dynamic changes in the conceptions of simple electric circuits of prospective
teachers for primary and secondary schools as well as primary school children. Based on Ausubel, the most
important factor influencing learning is what the learner already knows. Typically, for ascertaining, what a
student already knows has been done using the clinical interview developed by Piaget. On the contrary to the
clinical interview, which aims to understand students’ current reasoning patterns without attempting to
change them, the teaching experiment incorporates three components: modelling, teaching episodes and
individual or group interviews. The research in this study was guided by a teaching-experiment design
including peer tutoring between pre-service teachers for primary and secondary schools. Learning and
development of conceptual understanding of electricity concepts were expected as a result of three-tiered
teaching interventions and interactions between prospective teachers, the researcher who acted as a teacher
and the primary school children. Tier 1, at the student level, aimed at investigating the nature of students’
developing knowledge and abilities. Tier 2 focused on prospective teachers’ developing assumptions about
the nature of changes and the development of students’ coherent understanding. Tier 3 concentrated on
researchers’ developing conceptions concerning models to make sense of prospective teachers’ and students’
modelling activities, focused on promoting the progression of more scientific concepts in basic electricity and
examining the primary school children’s reactions to specific teaching interventions. Twelve future secondary
school teachers, 24 future primary school teachers and 42 primary school children of grade 4 participated in
a 6-week project. At first, the teaching-experiment methodology was used with the twelve prospective
secondary school teachers comprising a 3-hour teaching episode for exploration, introduction and application
of basic electricity concepts. After that, each of these twelve people accomplished a 3-hour peer tutoring
session with two future primary school teachers intending to explore the initial peers’ conceptions of electric
circuits and supporting them to develop a coherent understanding of basic electricity concepts. Finally, the
future primary teachers conducted a 2-hour teaching-experiment, where two to three future teachers worked
in 9 groups with 4 to 5 primary school children. The interactions of three groups were video-taped, those of
further two groups were audio-taped and in each group one person was engaged as observer. Data analysis
suggests that the teaching strategy as well as the practical activities used in the study were effective in
promoting primary school children’s understanding of basic electric circuits. Moreover, the results of the
study recommend implications not only for teaching but also for teacher education. Opportunities to conduct
interviews with students about their understanding of concepts being taught, or to engage in peer
interactions, could be incorporated within teacher training programs in order to develop increased sensitivity
to student learning difficulties. In conclusion, the study provides evidence that an effective teacher has to
investigate how the students interpret a problem during the process of teaching. Accordingly designed
courses in teacher training education can contribute helping future teachers to clarify students’ initial
conceptions and to evaluate interventions for their effectiveness in aiding students to build an understanding
of concepts in different disciplines.

Keywords: Fostering understanding of basic electricity concepts, teaching-experiment methodology, pre-

service teacher training programs, primary school children, future physics secondary school teachers, future
primary school teachers
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Reception study of a video produced as a physics didactic laboratory

activity

Marcus Vinicius Pereira®, Luiz Augusto Coimbra de Rezende Filho?, Américo de Araljo Pastor Junior?
1CRJ, Instituto Federal do Rio de Janeiro, Rio de Janeiro, Brazil

2NUTES, Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil

High school physics laboratory is a recurring Physics Education research topic. There is a large variety of
investigations on physics laboratory, from its specific goals for different types of laboratory to the
epistemology involved in experimental activity by students. Nevertheless, Physics Education has barely
questioned and investigated the specificity of audiovisual resources when they are involved in teaching and
learning processes. Thus, this is part of a doctoral research which seeks to understand how reception of a
videos made for high school students is determined and/or conditioned by cultural elements. The theoretical
and methodological framework concerns the filmic analysis (Vanoye e Goliot-Lété, 1994) and the reception-
production of videos (Hall, 1973; Schrgder, 2000). The filmic analysis is focused not only on the audiovisual
text, taking also into account the production context, trying to identify its influence in the composition of the
text. Analyzing a film is deconstructing it into parts and then rebuilding it. The reconstruction can support a
preferred reading that, in return, may influence the spectators’ readings, but not determine them. Schroder
extends the Hall’s model for reception studies and proposes a multidimensional model, which considers
dimensions that can be divided into two groups: (i) readings (related to the internal processes of meaning
production in a given context and by a particular spectator, namely: motivation, comprehension,
discrimination and position), (ii) implications (related to the social significance of the readings as resources
for political action, namely: evaluation and implementation). In this study we analyzed two dimensions:
comprehension and discrimination. The first dimension is related to how spectators understand the
audiovisual material, influenced by macro (gender, class, ethnicity etc.) and micro (education, culture etc.)
factors. The second one is related to the spectators' familiarity, aesthetic and cultural, with: audiovisual
material genre, production process, style, etc. The video analyzed is titled "The case of the bent straw". It
was produced by five high school students from a public school in Rio de Janeiro and it shows the light
refraction in about 5 minutes, including the staging of a TV newscast. The video reception study was
conducted with seven other students aged between 16 and 19 years old. Results show that, in general,
students focused their readings in the scientific aspects rather than in the aesthetic aspects presented in the
video. Reception studies like this may bring knowledge about the characteristics and specificities of teaching
and learning with audiovisual resources, since they may identify dynamics of appropriation and resistance to
the material used. This research is expected to contribute to the Physics Education area taking into account
the adoption of video and communication theoretical frameworks, since these theories are not frequently
used by researchers, even when pore over how to make and/or watch videos.

Keywords: video, filmic analysis, reception study, physics didactic laboratory
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Universe hitchhikers: Designing and enacting astronomy-based

curriculum in a Brazilian suburban middle school

Daniela Borges Pavani!, Fabiane Borges Pavani2, Daniel Flach?, Felipe Selau!, Izadora Fontoura?, Josiane De
Souza!, Marco Vargas?, Paulo Lima Junior?, Priscila Chaves Panta!, Rafael Acker!

!Universidade Federal do Rio Grande do Sul, Instituto de Fisica

2Escola Municipal de Ensino Fundamental Mario Quintana

This abstract reports a school wide project named ‘Universe hitchhikers’ which arises from collaborative
bounds between one of the most qualified Brazilian universities and a Brazilian suburban middle school. This
project has been developed to design and enact Astronomy-based multidisciplinary curricula for science and
non-science subjects. This project’s approach is also consistent with some major goals found in the CTS
movement (Garcia, Cerezo and Ldpez. ‘Ciencia, tecnologia y sociedad’. Madrid: Tecnos, 1996) and
sociocultural perspectives to science education (Stetsenko. ‘Cultural studies of science education’, 3: 471-
491. 2008).

Designing an astronomy-based multidisciplinary curriculum leads to the question of how to relate astronomy
to other science and non-science disciplines. Actually, it should be highlighted that astronomy does not
consist of observing a static Universe - for the Universe is ever changing and its observation lately involves
its transformation (for planting space probes, for example). Hence, for the purposes of this project, which is
intimately related to empowering suburban students to transform their own (social, political, environmental)
context, we focused on three major questions: (1) How is Universe and which is my place in it? (2) Has the
Universe always been the same? What changes in it? (3) How do we participate in the transformation of the
Universe? Once we understand that each school discipline contributes to answering these questions in their
own fields, Astronomy’s contribution for designing the multidisciplinary curricula is straightforward.

Most students to which this project has been implemented presented school success below expected due to
being previously exposed to (sexual, emotional, physical) harassment and crime. This project’s first
observable achievement has been to transform classroom environment itself. Before the project, students
have been used to reproducing in classroom the social situations of harassment — which they experiment on
the streets and within their family. Through collectively studying astronomy and questioning their ‘place’ in
(natural and social) universe, they found a way to enact more collaborative relations.

Finally, this case demonstrates that astronomy’s orientation toward observing/transforming the universe has
the potential for changing children’s own perspective on the (natural/ social) universe around them.

Keywords: middle school, astronomy, curriculum
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The heuristic algorithms based on metaphors in physics education
Havva Sibel Kurt, Musa Sari
Gazi University

The goal of this paper is to present a theoritical framework explaning the role of heurictic algortims that are
based on metaphors in physics. In recent years, various heuristic optimization methods have been
developed. Many of these methods are inspired by swarm behaviors in nature (Rashedi, E., Nezambadi, H.,
Saryazdi, S., 2009). In this study, we will focus on algorithms that are based on metaphors.

“Heuristic” means “to know”, “'to find”, “to discover” or “to guide an investigation” (Lazar, A., Reynolds,
R.G., 2003). “Heuristic" is used when an entity X exists to enable understanding of, or knowledge
concerning, some other entity Y. An algorithm is defined as a step by step approach for solving a problem.
Stories, metaphors, etc., can also be termed heuristic in that sense. Heuristic algorithms have a stochastic
behavior. However, Formato, has proposed a deterministic heuristic search algorithm based on the metaphor
(Formato 2007, 2008).

In a swarm based algorithm, each member executes a series of particular operations and shares its
information with others. These operations are almost very simple, however their collective effect, known as
swarm intelligence (Dorigo et al., 1996); produce a surprising result.

1905

Between 1905 and 1925 Einstein used his "method” entirely within the real of thermodynamics and
molecular statistical mechanics. A fine example of this is his “Heuristic Viewpoint”. According to this point, he
argues that (Klevgard, 2008):

" The entrophy decrease of radiation compressed in time and molecular quanta compressed in space suppurt
the conlusion that radiation is composed of discrete energy quanta.”

The method of analysis that Einstein used within thermodynamics can be extended to areas that he did not
cover. Specifically, his method can be applied to an ontological inquiry into the problems raised by quantum
mechanics (Klevgar, 2008). Ontology is important because the great questions of physics revolve around
what exists and occurs. We will argue that “Heuristics”’s advantages and disadvantages in Physics education.
We can find “Heuristics” in every areas in physics. More researches on this idea is needed.
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ANATOLIA: the land where Sicience was born and flourished
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2Etiler High School (Besiktas)istanbul

3Medine Tayfur S6kmen High School (Kartal)istanbul

Public takes it philosophical roots from the ancient Greek Philosphy.Thales First characteriation of substance to
Demokrotius clarification the nature as undivided atoms..The Greek Philosophers always develop their own nature
Philosophies.Until 18th.century,physics had been know as the philosophy of nature. After 19th century,physics was
separated from the other sciences and philosophy as a positive science.

How many people were aware of the fact that they were arriving to the geographical land where the foundadions of
physics were laid,while they were coming to the WCPE congress from all around the world?

How many of people knew the facts like electricity came out by rubbing an amber bar on animals clothing or amber
means electra in Greek and electro in Latin or Magnetism emerged when the sperherd Magnesia's feet attracted the
stones under his feet,or a pair of compassed emerged due to Apollonius who was from Perge.All these events
originated from Anatolia!

Our goal is to make known that anatolia and its surrounding area is the land in which the foundation of physics and
mathematics were established.

In our presentation,we are going to divide Anatolia and surrounding in regions and introduce the scientist who were
grown up in these regions,with their short biographies and studies on a website.Using the flash programme and the
mouse when click on the region the cities are going to be shown upand after clicking on the cities,the scientist their
biographies and studies are going to be on the screen.

Miletus; Thales,Leukippus,Demokritus,isidoros, Anaksimandros

Sisam; Pisagor,Aristorkhos

Perge;Apollonius

Urla;Anaksagoras

Sinop;Diyojen

izmir;Homeros,Ksenofones

Halikarnassos;Herodot

Tralles(Aydin); Anthemius,Alexander

Fenike(Sayda,Sidon) Zeno of Sidon

Diyarbakir; El Cezeri

Basra;Ibn-i Haysam

Efes;Heraklitos

Nigde;Apollonius,Filostratus

Knidos;Eudoksus,Euryphon,Polygnotos

Bergama;Apollonius

Midilli; Theophrastus

Istanbul;Filyon of Bizantiyon, Aksemsettin,Piri Reis,Ulug Bey,Matrakgi Nasuh,ibrahim Efendi,Cahit Arf,Lagari Hasan
Celebi

Ali Kusgu,

Mezopotamya;Slimerler

Our Colleagues visit Istanbul for WCPE Congress from the different parts of the world will realize that they also
arrive at the cradle of science.

Anatolia has been home to those who have different religious and cultural values for ages.

People that belong to separete religion,society and nations came together in the light science.

After the Congress,Our Collegues who will have arrived at their own countrience with their colleagues and students.
This is the land where a lot of scientists were born and it will always make us remember the value of science.

Wcpe Congress will be helpfully to inform all the people on the world about the significance of Anatolia..
Moreover,we will get a chance to show our respect to those who have flourished science on the land.

In conclusion,a random person who lives an a different place on the world will have a chance to learn more about
the short biography and study of a scientist who has lived in a Anatolia and its surrounding lands.

Keywords: Emergence of Science, Anatolia, Thales, Magnesia, Miletus, religion, science & society
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Teaching Materials along with History of Science — Electricity and

Magnetism —
Masako Tanemura
Department of Education, Osaka Kyoiku University, Osaka, Japan

It is expected that carrying out the experiment along with the discovery of electricity and magnetism, which
is famous on the science history, can bring us educational effect. Some processes in which scientists discover
and recognize strange phenomena are similar to some processes in which students acquire knowledge.

Volta studied the "animal electricity". He realized that the frog's leg served as a detector of electricity. He
invented the voltaic pile, an early electric battery, in 1800. When Hans Christian Orsted experimented by
Voltaic pile, in 1820, he discovered that electric currents induce magnetic fields. Till then, electricity and
magnetism had been regarded as different phenomena. He discovered an important aspect of
electromagnetism. Faraday predicted an opposite phenomenon which electric currents might be obtained
from magnetic fields. One year after, Faraday made his electrical motor. And ten yeas later, Faraday
discovered the electromagnetic induction. Arago discovered the phenomena of rotary magnetism. The
discovery was completed and explained by Faraday. He also built the generator of the first electromagnetism
called the "Faraday disk" by this elucidation. With the development of electromagnetic induction, our life
style of that time was replaced by the modern one that utilizes electricity.

Most students of our university become a teacher of an elementary school. However, they have little interest
in physics. It is expected that these teaching materials will attract students. I created historical experimental
device which are able to make easily and low-cost. When a student becomes a teacher, he (or she) can make
them by himself (or herself). These experiments are introduced on Web. You can see video clips and
description of historical experiments.

It can encourage us to comprehend electricity and magnetic phenomenon easily, to find the scientists’ point
of view and to know how much science benefits our daily life.

I would like to show some teaching materials.

Keywords: history of science, teaching materials for experiments, teacher training, attractive to students.
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The role of the 21st Century Science syllabus in promoting the interest of

non-science students in Physics: A case study in the island of Mauritius

Sarojiny Saddul Hauzaree
Mauritius Institute of Education

The University of Cambridge 21st Century Science GCE ‘O’ level syllabus was introduced in the context of
broadening the secondary curriculum base of all students at Form IV and V in Mauritius. The introduction of
this science syllabus as a compulsory subject for non-science students was introduced on a pilot basis in
fourteen project schools. It was meant to promote scientific literacy amongst secondary school students not
opting for a science subject at secondary level. The curriculum content is in modular form and consists of
several modules in physics, biology and chemistry. The syllabus was introduced for the first time in January
2009 and the first cohort of students completed the course and took part in the Cambridge School Certificate
examination in November 2010.

Over the years there has been a sharp decline in the number of secondary students who study physics as a
separate subject at school level. For science students who willingly choose physics as a subject, their main
interest in learning physics is linked to their option for a career path in science and engineering. Most studies
try to understand the factors that stimulate and promote the interest of science students in the learning of
physics. There is a paucity of research on what promotes the interest of non-science students to learn
science, and in this case, physics. It is often perceived that non-science students show a lack of interest in
learning science just because they have not opted for science. The completion of this pilot project on 21st
Century Science GCE 'O’ level syllabus offers a unique opportunity to understand what promotes the interest
of non-science students to learn physics in a formal school curriculum and how to further engage them in
learning physics outside the school curriculum. We report the results of a study on non-science student
interest in physics at the completion of the 21st Century Science GCE 'O’ level syllabus.

It is our goal to study and examine the role of the new 21st Century Science GCE ‘O’ level syllabus in
promoting interest in the study of physics amongst non-science students. One method for accomplishing this
is to study to what extent the attitudes and expectations of students following the new syllabus, the content
of the syllabus, the teaching methods for the syllabus and the learning experiences of students influence
non-science student interest in learning physics as a science discipline.

The study starts with a description of the aims of the syllabus, assessment objectives and curriculum
content. A total of ten schools secondary schools acting as pilot schools for the project, hundred and fifty-two
students who completed the two-year course and teachers who taught the classes participated in this study.
A survey instrument is used with teachers involved in the project to find out how the syllabus is taught and
learned in schools and the type of learning activities students experience. A student questionnaire is
designed and administered to examine student attitudes towards physics and expectations in learning
physics. One-to-one interviews were conducted with a sample of students chosen from different schools
across the island who have completed the 21st Century Science course to determine the role of the new
science syllabus in promoting their interest in physics. Factors studied were their opinions about the classes,
student-centered activities in which they participated and their different learning experiences in physics
inside and outside the science classroom.

The findings show that several factors contribute to promoting their interest in physics learning while
following the science course. It is seen that direct and explicit teaching strategies greatly influence the
interest of students in physics and hands-on activities and laboratory, with less guidance from the teacher,
tend to decrease their interest in physics. Many students felt that the topics of the syllabus were not very
relevant to their everyday life experiences and their poor background in science was mostly responsible for
them losing interest in physics learning.

This study shows that the relevance of the physics students learn and the teaching techniques greatly
influence the interest of non-science students in physics. The attitudinal constructs and the expectations of
students in learning physics, as fundamental and thus not to be neglected, are however not determining
factors in stimulating their interest in physics. Based on the findings of the study we propose several
recommendations to improve the teaching process of 21st Century Science to promote the interest in physics
at the school level amongst non-science students. Based on the research findings, we propose a revised
syllabus which is contextual and hence more relevant to students in Mauritius.

Keywords: 21st Century Science, interest in physics, non-science students
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The effect of incorporating indigenous knowledge related to Physics
concepts into Grade 9 science curriculum on the attitudes of students in

Chékwé, Mozambique

Agquiar Baquete!, Diane Grayson?, Inocente Mutimucuio®
lUniversity of Eduardo Mondlane, Maputo, Mozambique
2University of Pretoria, Pretoria, South Africa

For some time there has been general concern that the number of students interested in studying Physics
has been dwindling. Various curriculum initiatives worldwide have been designed to try to pique students’
interest. In the developing world, there is concern that urbanization and westernization may lead to the loss
of indigenous knowledge and technology (IKS). In order to both help preserve IKS and increase students’
interest in physics, we designed a two-part study. Part one, reported previously [1], comprised interviews
with senior citizens from a rural area of Mozambique, Chékwé, in order to identify aspects of their IKS that
could be linked to physics concepts. Part 2 comprised the design and implementation of physics curriculum
incorporating information gained from the interviews, together with pre and post tests of students’ attitudes
and content knowledge. In this paper we shall report on the effect of the teaching intervention on students’
attitudes.

The sample comprised 275 Grade 9 pupils from Ngungunhane Secondary School in Chokwé, the same region
in which the interviews with senior citizens were conducted. Grade 9 pupils were chosen because this is the
grade in which they study thermal physics, one of the topics for which physics-related IKS had been
identified. The first author taught the pupils the thermal physics section of the curriculum himself, using
inquiry-based materials he developed that incorporated relevant IKS examples identified from the interviews.

A questionnaire soliciting pupils’ attitudes towards physics was administered before and after the teaching
intervention. The questionnaire comprises nine questions with both a 5-point Likert scale part and an open-
ended part. It was based on an instrument that had been validated and used in similar investigations [2].
The reliability factors of the instrument were tested using Cronbach’s Alpha, which was 0.70, and a peer
correlation value of 1, meaning that both the questionnaire and pupils’ responses are valid.

Large differences were obtained on several questions from pre- to post-test. The humber of agree and
strongly agree responses went from 178 to 234 on the question, “Physics is related with my own everyday
life”; 198 to 219 for, "I find physics interesting”; 119 to 178 for, “It is possible to explain physics ideas
without mathematical equations”; and 115 to 168 on, "I like to discuss physics with other students.” Results
suggest that the teaching intervention, which integrated IKS into curricula and used a guided inquiry
approach, improved pupils’ attitudes towards physics.

[1] Baguete, A.M., Grayson, D. and Mutimucuio, I.V. (2009). Probing indigenous knowledge related to
Physics concerts amongst senior citizens in Chokwe, Mozambique. Presented at the International Conference
on Physics Education 2009, 18-24 October, Bangkok, Thailand.

[2] Adams, W., K., Perkins, K., K., Dubson, M., Finkelstein, N., D., & Wieman, C., E., (2005). The design and
validation of the Colorado learning attitude about science survey. Disponil to 20 July 2007.
http://cosmos.colorado.edu/Phet/survey/classs/Perkins

Keywords: Indigenous knowledge, student attitudes, curriculum
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Cooperative physics learning and International Sciences Development in

Beregadougou, Burkina Faso

Simon Langlois?, Zimba Tassere?, Catherine Malo!, Jean Pierre Miron?
!cégep Marie-Victorin

2Lycée départemental de Bérégadougou

For the past two years, the Cégep Marie-victorin and the Lycée départemental de Bérégadougou have
worked together to improve sciences learning among the High school students of Beregadougou.

The first step was to instaure a cooperative learning approach by implementing a sciences help center.
Voluntary good students help their peers who have more difficulty with sciences learning. With an increase of
success at the annual national evaluation (BACC), we consider this type of support as being efficient and
cost-free. For countries with low investments in the field of sciences, this could be an interesting way to
improve sciences learning in the classrooms.

With the same objective of improving the science formation in the village of Beregadougou, collegue students
in Montreal raised money to build a science laboratory. This will allow the Beregalese students to receive, in
complement of their theoretical background, a more experimental one.

In this poster presentation, we will discuss how to establish a partnership with a foreign school in a
developping country and what were the challenges and successes encoutered during the process.

Keywords: Cooperative learning, International collaboration, sciences curriculum, partnership
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The Secure project researches science curricula and teachers' and

learners’ opinions on science education
Dagmara Sokolowska!, Wim Peeters?

!Physics Department, Jagiellonian University, Krakow, Poland
’Dienst Katholiek Onderwijs Van Het Bisdom vzw, Antwerpen

Introduction

In its latest policy initiatives and outputs in education and training the European Union restated the
importance of science literacy and numeracy as fundamental elements of key competences [1, 2, 3]. It was
recognized that more investment should be undertaken to increase the number of graduates in science,
technology, engineering and mathematics (STEM) so as to create the right conditions to deploy key enabling
technologies, essential in the R&D and innovation strategies of industry and services [2].

Objectives

SECURE is founded as a collaborative project under FP7 to provide research results of current mathematics,
science and technology (MST) curricula across Europe. The overall aim of the SECURE project is to make a
significant contribution to the European knowledge-based society by providing relevant research data that
prompt public debates on this issues. Based on good practices and other research results SECURE will
formulate a set of recommendations for policy makers and other stakeholders on how MST curricula and their
delivery can be enhanced. These improvements would need to focus on encouraging and preparing children
from an early age on for future careers in MST. At the same time curricula should make MST more accessible
and enjoyable for all children so that they will always keep a vivid interest in mathematics, science and
technology, understanding the importance of their societal role.

Research

A rigorous research program conducted by the SECURE consortium scrutinises and compares current MST
curricula for pupils aged 5,8,11 and 13 in ten member states as they are intended by the authorities,
implemented by the teachers and perceived by the learners. The instruments used to this end consist of a
transnational comparative screening instrument for MST curricula, of teacher and learner questionnaires and
interview protocols. Currently the research in schools is taking place.

The authors will present the research strategy, including criteria for comparison of curricula, questionnaires
and interview formats for teachers as well for all four age categories.

Discussion

The cornerstone of the valorisation strategy of the research outcomes is the direct and active involvement of
a transnational expert group of research and curriculum development institutions outside the consortium that
will provide feedback as well as a direct access to policy makers. Big European projects can benefit from the
outcomes as well, adapting their strategy and implementation methods to the results of the research done.
Potential candidates for the expert group are invited to consider their participation in the project as external
expert.

SECURE project received founding from the European Union’s 7th Framework Program for Research and
Development.

References.

[1] Official Journal of European Union C 323/11 (30.11.2010) and references therein. Council conclusions on
increasing the level of basic skills in the context of European cooperation on schools for the 21st century.

[2] Agenda for new skills and jobs: A European contribution towards full employment (23.11.2010):
http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2010:0682:FIN:EN:PDF.

[3] Official Journal of European Union C 119/2 (28.5.2009). Council conclusions of 12 May 2009 on a
strategic framework for European cooperation in education and training (‘"ET 2020").

Keywords: MST education, school level, European program, research in science education

151



Pl1. &08. 05

Strand 17: Various Topics in Physics Education
Poster Session - 1.08

Date & Tinme: 03.07.2012 / 13:00 - 14:00

Room D406 (3rd Fl oor)

An Analysis of the Potentialities of a Scientific Literature Book on Physics

Teaching

Cristina Leite!, Fernanda Marchi?

lUniversity of S3o Paulo, Physics Institute, S0 Paulo, Brazil
2University of S3o Paulo, S3o Paulo, Brazil

Two theories related to the practice of reading in Brazilian schools are raised by Silva (1998). One refers to
the responsibility of all teachers by the formation of readers and the development of the practice of reading
in their disciplines. The other says that the creative imagination and the fantasy should not be developed
only in literature classes. Themes of physics and astronomy are recurring in popular science books written by
scientists themselves, which may allow a greater dialogue between the production of knowledge and its
dissemination. In order to understand better some of these books and its possibilities of uses in class, in this
work, the one called "George’s Secret Key to the Universe" and written by one of the most popular science
divulgators nowadays, Stephen Hawking, in partnership with his daughter, Lucy Hawking was analysed. The
analysis is based on the work by Ribeiro (2007), developed from Paulo Freire's educational approach and
bringing important elements for the analysis of scientific divulgation materials from two perspectives: the
characteristics inherent to these materials and the perspective of the formation of readers and critical
readers. From this analysis it was possible to identify characteristics inherent in the texts of disclosure, i.e.,
the use of some resources, such as metaphors and analogies that simplify the language presented in the
texts, the form of sensationalistic presentation of science in the story, suggesting a positivist image of
science and scientific activity. It is possible to identify some attempts to generate interest in science and
provoke feelings of curiosity, emotion and desire in the possible readers, inserting them into the world of
science. This is especially presented in the exposition of the main theme of the book, which revolves around
the black holes, that is very much highlighted on the cover of the book, calling the reader's attention, and by
devoting an entire chapter to this theme in order to inform readers, in a simple way, the concepts needed to
understand these cosmic objects. The characteristics of the textual narrative, presented through the
simplification of the concepts covered in the course of the adventure, allow the immersion of the reader into
the story, bringing it gradually to the understanding of the scientific content, besides the contact with
different material from the textbook, what indicates that the book has the potential to be used as a tool to
the development of reading skills and the reading habit. However, the stimulation of the critical vision to
reality and to the production process of scientific knowledge through the reading of this material is only
possible to be developed by the one who mediates its reading, once it was not produced to clarify these ideas
to the reader. Thus, some care must be taken by teachers to introduce these materials in their classes,
because as we have seen, among other things, the book presents the image of science and overrated
stereotypical image of scientists, issues to be discussed by those who wish to take the book as reading
material for teaching physics. But despite these limitations, the book indicates a potential use as a means to
educate scientifically, contributing to the important task of taking students to the world of imagination and
creativity by reading a scientific adventure filled with contemporary content of Physics and Astronomy.
Ribeiro, R. (2007). Divulgagao cientifica: fungdes, intengles e vertentes. Master’s thesis. Universidade de
Sao Paulo: Brazil.

Silva, E.T. (1998). Ciéncia, Leitura e Escola. In: Linguagens, Leituras e Ensino de Ciéncias. Mercado das
Letras: Sao Paulo. 105,112,

Keywords: scientific publicizing, non-didact text; reading in physics classes;
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Implementation of a teaching-learning sequence about greenhouse effect:

How to take into account teachers’ points of view?
Meriam Triki!, Colin Philippe?

!Département de Chimie,Université Pierre et Marie Curie, Paris, France
’Département de Physique, Université Paris Diderot, Paris, France

Our study concerns the design of a teaching-learning sequence about greenhouse effect. In the framework of
“Educational Reconstruction” and “Didactic Engineering” we have proposed guidelines based on an in-depth analysis
of the science content and on students’ difficulties. Greenhouse effect is a very complex phenomenon which
encounters a wide array of difficulties which one in particular is to combine changes in temperatures relating to
energy exchanges and construction of energy balances with respect to energy conservation. These difficulties are
mainly related to the so-called sequential reasoning.

Many studies have revealed that teachers are not only passive transmitters but are very often active transformers
of the TLS designers’ intentions. Therefore, for a successful TLS implementation, it is worth to take teachers’ points
of view into account when designing. This presentation is focused on this part. To have an in depth analysis of
teachers’ reactions, we have chosen to conduct semi-structured interviews about one hour and twenty minutes
long. Many factors have been selected to build our teachers’ sample (N = 19): novice or experienced, having taught
or not greenhouse effect, discipline (Earth and Life Sciences (ELS), Physics Sciences (PS)), teaching level (high
school, university). The first stage of the protocol relies on an open questioning to explore their scientific vision of
the greenhouse effect and global warming (phenomenological description and modelling) and their teaching
strategies. The second stage is a discussion supported by excerpts of textbooks and popularization documents
(books and websites) relating to energy balances. We focus on teachers’ reading of the images: are they facilitator
or obstacle to their understanding? How would they use these images in teaching?.

Our main result is a common trend: a large majority of interviewed teachers encounters difficulties to deal with
energy balances. These difficulties may be to some extent comparable to those observed among students:
sequential reasoning is very present, often reinforced by images’ elements. ELS teachers interviewed have more
difficulties than PS teachers. But we have to be careful not to generalize too fast because it is an ELS teacher which
reacts most quickly to a diagram showing a balance totally inconsistent with energy conservation. This common
trend apart, we notice some elements related to specific factors. ELS teachers hardly accept, sometimes reject,
guantified energy balances, even in a very simplified version. We notice resistance from ELS experienced teachers
to change their strategy even if a learning progress could be expected. Modelling atmospheric greenhouse effect by
a greenhouse is often rejected by ELS teachers who have already taught this phenomenon, for two reasons: first,
they are aware of the well-known students’ confusion between greenhouse effect and ozone depletion, secondly,
they often misunderstand the absorption-emission phenomena both in the greenhouse gases and in a glass-pane.
Although the limited duration of the interviews, we notice among the interviewed teachers some clarification of
concepts and phenomena involved, in particular the need for a clear distinction between the transient and steady
state situations, taking into account instantaneous energy balances and simultaneity of exchange between different
systems involved.

During the last stage of the interviews, we asked teachers about their feelings after the discussion in order to know
if they became aware of the possible evolution or change in their ideas. In their comments, two points should be
highlighted: teachers’ awareness about the difficulty to explain temperature’s rise or constancy according to energy
balances; secondly, teachers’ awareness about images’ reading and use in teaching. In particular, some teachers
expressed spontaneously the need for at least two clear-cut images to illustrate respectively the transient situation
and the stationary situation, which is totally consistent with our approach.

These results contribute to adapt the design of a TLS on greenhouse effect according to teachers’ discipline (ELS
and PS) and to plan teacher training sessions.

Keywords: greenhouse effect, textbook, scientific popularization, image, sequential reasoning, energy budget.
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Exploring the rolling shutter effect using a computer scanner

Bor Gregorcic, Gorazd Planinsic
Faculty for mathematics and physics, University of Ljubljana, Ljubljana, Slovenia

It has been shown that integration of everyday objects and modern technology into a physics curriculum has
a positive impact on motivation and appreciation of science among students. Using objects or gadgets that
are widely available to students encourages their active engagement by exploring physics behind these
objects and thus make physics part of their everyday life. Nowadays, almost every mobile phone has its own
digital camera with a CMOS light sensor. These sensors differ from CCD sensors in many ways, one of them
being the electronic shutter operation. In contrast to the global shutter usually utilized by CCD sensors, the
CMOS sensors typically use a rolling shutter. They capture the image row by row, in a way that different
rows of the image are captured in succession at slightly different moments in time. This becomes apparent
on photographs of rapidly changing or fast moving objects, where the images exhibit the so-called rolling
shutter effect. Similar effects can also be found in photo-finish images of cycling races and in the long-known
Roget’s palisade illusion. We will observe and explain why images of rapidly rotating objects, such as airplane
propellers, bicycle wheels, or cooling fans exhibit such strange patterns, when captured with a rolling shutter
camera. We will also show that the photo finish effect and the Roget’s palisade illusion are very similar and
can be considered a special case of the rolling shutter effect. A student activity will be presented in which a
computer desktop scanner is used to simulate a rolling shutter camera image capturing sequence. This
activity allows students to manipulate the scanning rate and the rotating velocity of a slowly rotating disk
with drawn radial lines. This enables them to make a transition from a slowly to a fast rotating disk and
observe and analyze the corresponding image patterns. In order to understand and explain different
patterns, we must address topics that are part of a typical high school physics curriculum such as relative
motion, vector addition and relationship between tangential and angular velocity. The presented example
offers students a chance to develop a better sense and a deeper understanding of velocity as a vector
quantity.

Keywords: rolling shutter, scanner, relative motion, student project, digital camera, photo finish, Roget's
palisade, rotation
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