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1  ON THE TRACK OF MODERN PHYSICS 
Introducing concepts of modern research into secondary schools brings the risk 
that Physics drifts towards phenomenological description rather than a logical 
construction of our knowledge on the Nature. A typical example is the question on 
elementary particles: “Can we divide the matter into infinitely small parts?” “Are 
quarks a really indispensable (and experimentally proved) proved reality or just 
another step in dividing the matter?” 
 Quarks as small balls in three possible colours are a common picture. We 
propose them as small animals, with dimension corresponding to their mass (and 
tails up or down). However, this would a misleading simplification if exact 
information on their mass (with the error bar on this estimate), the experiments in 
which they were discovered and ways in which they form other “elementary 
particles” like hyperons, charmonium etc. is not given. We do it in a series of 
poster available on internet [1]. 
Separate posters forming a didactical unity on quarks are entitled: 

1) “Enigmatic quarks”- with quark-animals, their masses neutron, proton and 
hyperon 

2) “Super-multiplets” – showing way to deduce on quarks existence, with 
James Joyes jokes 

3) “How to find a quark”: you need an accelerator and some luck; historical 
experiments 

4) “Charm of charmonium” – exact reproduction of papers around the 
discovery of c-quars 

An essential point in bringing such complex and various contents into schools is to 
catch the attention. We do it by jokes, surprising conclusions, and picturesque 
associations of ideas. For more details we refer the reader to our previous GIREP 
report [2]. 
 However, Modern Physics is spectacular in elementary particle discoveries, 
but much more of the practical impact in other sectors, like mass and optical 
spectroscopy, atomic physics, and material science. In “On the track of Modern 
Physics” we show interesting examples of this, “soft” physics. One of them is the 
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spectroscopy of food remains from a tomb in Middle Turkey, from 7th century B.C. 
(see Figure 1). 
 

 
Figure 1  “Midas funeral feast” – a piece of story on the mass spectroscopy applied to 
archeology, from [1]. 

Teaching Quantum Mechanics is usually limited to telling about some matter-wave 
phenomena and showing interference patterns. The discovery of the minimum in 
the total cross section for electron scattering on argon at about 0.4 eV by Ramsauer 
and in a complementary experiment by Townsend in 1921, i.e. just before de 
Broglie’s hypothesis  showed a need to treat particles as waves. A theory to explain 
the Ramsauer effect came in 1929 by solving Schrödinger equation by Holts and 
Holtsmark. 
 In wave mechanics, the differential cross section dσ/dω equals the square of 
the “scattering amplitude” f 
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where hl is the angular momentum in the collision, l = 0, 1, 2, … . ηl  are the 
”phase shifts” of the respective partial waves and Pl(cosθ) are Legendre 
polynomials. The mathematics behind these calculations can be easily done by 
excel software [6]. It turns be very didactical how changing phase shifts (by 
software sliders” changes in a complex way the angular distribution of scattered 
electrons (or positrons, as on a real research example shown in Fig. 2). 
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Figure 2  Excel program to calculate angular distributions of scatter positrons via complex 
number algebra [6]. 

REFERENCES 
[1] On the Track of Modern Physics http://modern.fizyka.umk.pl/  
[2] G. Karwasz et al.  GIREP Seminar, Lubljana, 2005, Book of Abstracts, p. 52 
[3] Quantum scattering, calculated easily, G.P. Karwasz, H. Nowakowska,  Proc. 

EPS_MPTL10, Berlin 2005 http://pen.physik.uni-kl.de/w_jodl/MPTL 
/MPTL10 /contributions/karwasz/hn-mptl2.pdf 


	001_056_Plenary_Lectures.pdf
	Reinders_Duit.pdf
	1  ON THE SITUATION OF PHYSICS TEACHING
	2  SCIENTIFIC LITERACY
	3  ON THE INTERDISCIPLINARY NATURE OF PHYSICS EDUCATION
	4  THE MODEL OF EDUCATIONAL RECONSTRUCTION
	5  DOMAINS OF SCIENCE EDUCATION RESEARCH)
	5.1  Analysis of Content Structure
	5.2  Research on Teaching and Learning
	5.3  Development and Evaluation of Instruction / Instructional Design
	5.4  Research on Curricular Issues and Science Education Policies

	6  PHYSICS EDUCATION RESEARCH – INDISPENSABLE FOR IMPROVING TEACHING AND LEARNING
	REFERENCES

	Lillian_McDermott.pdf
	1  INTRODUCTION
	2  PERSPECTIVE ON RESEARCH
	3  DEVELOPMENT AND ASSESSMENT OF TUTORIALS
	4  IDENTIFYING AND ADDRESSING DIFFICULTIES WITH GEOMETRICAL OPTICS
	4.1  Real image formed by a converging lens
	4.2  Geometric image formed by an aperture
	4.3  Tutorial on the ray model for light: Light and shadow

	5  IDENTIFICATION OF DIFFICULTIES WITH PHYSICAL OPTICS
	5.1  Single-slit diffraction
	5.2  Double-slit interference
	5.3  Confusion with the photon model for light
	5.4  Tutorial sequence on the wave model for light

	6  REQUIREMENTS FOR SUCCESSFUL IMPLEMENTATION OF THE TUTORIALS
	7  PREPARATION OF ELEMENTARY AND SECONDARY SCHOOL TEACHERS
	8  GENERALIZATIONS ABOUT LEARNING AND TEACHING
	9  CONCLUSIONS
	ACKNOWLEDGEMENTS
	FOOTNOTES AND REFERENCES

	Norman_Reid.pdf
	1  INTRODUCTION
	2  INSIGHTS INTO LEARNING
	3  INFORMATION PROCESSING
	4  PRE-LEARNING
	5  REDUCING DEMAND ON WORKING MEMORY
	6  ATTITUDES
	7  SOME CONCLUSIONS
	8  RECOMMENDATIONS
	REFERENCES

	Laurence_Viennot.pdf
	1  INTRODUCTION: AN IRREDUCIBLE ALTERNATIVE?
	2  NEW TOPICS: ATTEMPTS AND QUESTIONS
	2.1  Square wells
	2.2  Chaotic behaviour
	2.3  New topics: mission impossible?

	3  ORDINARY TOPICS AND THE VALUE OF INTERNAL CONSISTENCY
	3.1  The classic hypothesis for a hot air balloon
	3.2  A single particle in a box

	4  FINAL REMARKS
	REFERENCES

	George_Vlahakis.pdf
	1  BRICKS ON THE WALL!
	2  OLDIES BUT GOODIES!
	3  THE EARLY DAYS
	4  HISTORY OF SCIENCE, SOCIETY AND SCIENCE EDUCATION
	5  A NOT COMICAL USE OF COMICS
	6  SOME CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES


	057_188_Discussion_Workshops.pdf
	DW_A1.pdf
	1  INTRODUCTION
	2  STUDENTS’ REASONING AND TEACHING DIFFICULTIES IN E&M AT INTRODUCTORY PHYSICS COURSES
	3  PROSPECTIVE PRIMARY TEACHERS AND ELECTROMAGNETIC PHENOMENA: A TEACHING/LEARNING RESEARCH
	4  CHARGING BODIES WITH ELECTRICITY: A PROCESS TO UNDERSTAND FOR PRIMARY SCHOOL TEACHERS
	5  CONCLUSION AND IMPLICATIONS FOR TEACHING
	REFERENCES

	DW_A2.pdf
	1  INTRODUCTION
	2  THE FUNCTIONAL APPROACH TO ADDRESS CONCEPTUAL DIFFICULTIES ABOUT ELECTRIC CIRCUITS
	3  RESEARCH METHOD AND SAMPLE
	4  DATA ANALYSIS AND RESULTS
	REFERENCES

	DW_A3.pdf
	1  LEARNING ELECTROMAGNETISM IN INFORMAL CONTEXTS: ELECTROMAGNETISM AT THE CINEMA
	REFERENCES

	DW_B1.pdf
	1  INTRODUCTION TO THE DISCUSSION WORKSHOP
	2  CONTRIBUTIONS
	3  RESULTS OF FINAL DISCUSSION

	DW_B2.pdf
	1  HOW TO GET TO THE HEART OF QUANTUM THEORY
	1.1  Basic mathematical concepts and their interpretation
	2  APPROACHES TO QUANTUM PHYSICS
	2.1  Classification of Approaches
	2.2  Didactical Considerations
	2.3  Proposal for approach

	3  CONCLUSION

	DW_B3.pdf
	1  INTRODUCTION TO THE IDEAS OF QUANTUM PHYSICS AND THE ROLE OF THE PRINCIPLE OF LINEAR SUPERPOSITION
	2  PRESENTATION OF EXPERIMENTAL IMPLEMENTATION
	2.1  Experiments with polarized photons
	2.2  The problem of theory of measurement and description of macro-objects

	3  ALTERNATIVE THEORIES
	4  CONCLUDING REMARKS
	NOTES

	DW_B4.pdf
	1  INTRODUCTION
	2  GENERAL FEATURES OF WORKSHEETS
	3  SYNTHESIS OF THE STUDENTS WORKSHEETS ORGANIZED BY MODULES
	3.1  Constructing the phenomenological picture
	3.2  From phenomenology to probabilistic interpretation
	3.3  Interpretative hypotheses exploration
	3.4  Worksheet Form A - Quantum states and vectors

	4  CONCLUDING REMARKS
	REFERENCES

	DW_C.pdf
	1  INTRODUCTION
	REFERENCES

	DW_D1.pdf
	1  INTRODUCTION
	REFERENCES

	DW_D2.pdf
	1  FROM THE ATOM TO THE STARS: ASTROPHYSICS AT SCHOOL
	REFERENCES

	DW_D3.pdf
	1  INTRODUCTION
	2  THE COURSE STRUCTURE AND CONTENTS
	3  THE BASIC CONCEPTS OF RBS
	4  THE DIDACTICAL PATH
	5  CONCLUSIVE REMARKS
	REFERENCES

	DW_D4.pdf
	1  PHYSICS OF HIGH-ENERGY PARTICLE DETECTORS

	DW_D5.pdf
	1  ON THE TRACK OF MODERN PHYSICS
	REFERENCES

	DW_D6.pdf
	1  SUPERCOMET – SUPERCONDUCTIVITY MADE EASY
	REFERENCES

	DW_D7.pdf
	1  SCHOOLS COMING TO SCIENCE CENTRES

	DW_E.pdf
	1  WORKSHOP ANNOUNCEMENT
	2  ORGANIZATION OF THE WORKSHOP
	3  DISCUSSION WORKSHOP
	3.1  Motives to teach nanoscience
	3.2  What are the important topics of teaching nanoscience?
	3.3  Should nanoscience be taught as a new subject or integrated into existing curricula?
	3.4  What types of approaches should be used to teach nanoscience?

	4  CONCLUSIONS
	APPENDIX A: “DIDACTICAL MODEL OF THE ATOMIC FORCE MICROSCOPE” HANDS-ON WORKSHOP BY GORAZD PLANINŠIČ)
	A.1  Introduction
	A.2  Didactical model of AFM
	A.3  References

	APPENDIX B: “PHANTASTIC PHOTON” HANDS-ON WORKSHOP BY MONICA PLISCH)
	APPENDIX C: “WAYS TO APPROACH THE NANOWORLD”, SHORT LECTURE BY MANFRED EULER)
	C.1  References


	DW_F.pdf
	1  INTRODUCTION - DISCUSSION WORKSHOP
	2  SCHOLA LUDUS TEACHING AND LEARNING BASE

	3  CDW ON DROPLETS AND DRIPPING
	3.1  Evocation of Preconceptions – Observing
	3.3  Approaching the Limits – Modeling
	3.4  Discovering the Principles - Abstracting
	3.5  Top cases – Assessing the Gained Knowledge

	4  CONCLUSION
	ACKNOWLEDGEMENTS
	FOOTNOTES AND REFERENCES

	DW_G.pdf
	1  INTRODUCTION
	2  THE LESSON STRUCTURE: THE THEORY OF PROBABILISTIC PROGNOSIS AND THE SELECTIVE MOBILIZATION METHOD (SMM)
	2.1  A lesson planned according to SMM
	2.2  The pre-knowledge test

	3  THE LESSON CONTENT: INTERDISCIPLINARY CLASSROOM
	3.1  Physical Structure of Electrical Toy Car
	3.2  Electrical toy car on a lesson of English as a foreign language
	3.4  Origami frog as a physics object
	3.5  Origami frog on a lesson of math in elementary school

	4  CONCLUSION
	REFERENCES


	189_258_School_Physics.pdf
	083_Viola_Rossana.pdf
	1  INTRODUCTION: THE SUPERCOMET PROJECT
	2  THE ITALIAN CONTRIBUTION TO THE PROJECT
	3  TRAINING COURSES FOR TEACHERS
	4  INSTRUMENTS AND METHODS
	5  THE DIDACTIC PATH
	6  APPROACHES AND STRATEGIES
	7  CONCLUDING REMARKS
	REFERENCES

	095_Giuseppina_Rinaudo.pdf
	1  INTRODUCTION
	2  THE EXPERIMENT
	2.1  Measurements with laser beams
	2.2  Measurements with a “white” beam

	3  THE MODEL
	4  CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES

	096_Giuseppina_Rinaudo.pdf
	1  INTRODUCTION
	2  ABOUT RADIATION
	3  EXPERIMENTS ON IONIZING RADIATION
	3.1  Measurements on background radiation
	3.2  Measurements with a “radioactive source”

	4  CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES

	093_Valentin_Peternel.pdf
	1  INTRODUCTION
	2  GETTING AN IMAGE OF THE AMOUNT OF WASTE PLASTIC BOTTLES
	3  THE USE OF WASTE PLASTIC BOTTLES
	3.1  Vane
	3.2  Air flow
	3.3  Heron’s fountain
	3.4  Jumping coin
	3.5  Air expansion and contraction
	3.6  Expansion of liquids
	3.7  Heating pellets by means of work
	3.8  Sound spreading
	3.9  Light bending
	3.10  Cartesian diver
	3.11  Hydraulic press

	4  CONCLUSION
	SOURCES AND LITERATURE

	094_Valentin_Peternel.pdf
	1  INTRODUCTION
	2  PROCEDURES OF MEASURING THE ROTOR’S MOMENT OF INERTIA
	2.1  Defining J by means of a pendulum
	2.2  Defining J by means of a rolling bench
	2.3  Defining J by means of a pendulum with two parallel wires
	2.4  Defining J with additional mass on the rotor, its shaft or pulley

	3  DEALING WITH THE THEME AT SOME SCHOOL SUBJECTS
	3.1  Including the theme into the practical lessons (practicum)
	3.2  Dealing with the theme at computer science and documentation classes
	3.3  Dealing with the theme at electrical engines lessons
	3.4  Dealing with the theme at measurings and automation
	3.5  Dealing with the theme at mathematics
	3.6  Dealing with the theme at physics
	3.7  Dealing with the theme at English and Slovene lessons

	4  CONCLUSION
	SOURCES AND LITERATURE

	160_Kranjc_Tomaz.pdf
	1  INTRODUCTION
	2  POLYMER DISPERSED LIQUID CRYSTAL (PDLC)
	3  OPERATION OF A SCATTERING PDLC DEVICE
	4  LIGHT SHUTTER WITH CROSSED-POLARIZERS
	5  CONCLUSIONS
	REFERENCES

	158_Kranjc_Tomaz.pdf
	1  INTRODUCTION
	2  LIQUID CRYSTALS (LC)
	3  PROPAGATION OF LIGHT, OPTICAL PROPERTIES OF LC
	4  FREEDERICKSZ TRANSITION; ELECTRICALLY CONTROLLED COLOR FILTERS
	5  ELECTRICALLY CONTROLLED COLOR FILTERS (ECCF)
	5  CONCLUSIONS
	REFERENCES

	130_Davide_Cenadelli.pdf
	1  INTRODUCTION
	2  THE LABORATORY OF STELLAR SPECTROSCOPY
	3  THE OBSERVATIONS: THE HARVARD SPECTRAL SEQUENCE
	4  RADII CALCULATIONS
	5  CONCLUSIONS
	FOOTNOTES AND REFERENCES

	078_Zalkida_Hadzibegovic.pdf
	1  INTRODUCTION
	2  ACTIVE LEARNING SEQUENCE APPLIED IN THE WORKSHOP
	3  WORKSHOP STRUCTURE AND OUTCOMES
	4  THE MAIN RESULTS: COMPARING EXPERIENCES IN TRADITIONAL AND ACTIVE LEARNING ENVIRONMENT
	REFERENCES

	056_Maria_Abreu.pdf
	1  INTRODUCTION
	2  MAIN OBJECTIVES
	3  MEANS TO REACH THE IDEA
	4  THE EXPERIMENTAL KIT AND THE EXPERIMENTS
	4.1  Experimental Kit

	4.2  EXPERIMENTS
	5  DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES

	185_Pospiech_Gesche.pdf
	1  INTRODUCTION
	2  GOALS OF PHYSICS EDUCATION
	3  COMPETENCE IN PHYSICS
	3.1  Aspects of understanding physics
	3.2  Role of Explaining
	3.3  Applying Physics
	4  ROLE OF MATHEMATICS IN PHYSICS EDUCATION

	4.1 Mathematical tools in physics
	4.2  Views of students
	4.3  Cognitive analysis of physics problems
	4.4  Choice of appropriate curriculum

	5  CONCLUSION
	REFERENCES


	259_294_University_Physics.pdf
	1  INTRODUCTION
	2  THE NATURE OF piCETL
	3  EXAMPLES OF piCETL PROJECTS
	4  FURTHER DEVELOPMENTS
	5  CONCLUSIONS
	REFERENCES
	121_Joanne_Broggy.pdf
	1  INTRODUCTION
	2  CONCEPT MAPPING AND THE TEACHING OF PHYSICS
	3  METHODOLOGY
	3.1  Learning Context and the Profile of the Study Participant
	3.2  Data Collection
	3.3  Data Analysis
	4  RESULTS

	4.1  Acquired Physics Knowledge- Quantitative analysis of concept maps
	4.2  Students’ Perception Regarding Concept Mapping

	5  CONCLUSION
	REFERENCES

	086_Ivan_Guastella.pdf
	1  INTRODUCTION
	2  THE METHOD
	3  SIMULATIVE DEDUCTIONS OF PROBABILITY DISTRIBUTIONS
	4  SIMULATION RESULTS
	5  CONCLUSIONS
	REFERENCES

	107_Carmel_Caruana.pdf
	1  INTRODUCTION
	2  ROLE DEVELOPMENT IN EDUCATIONAL ORGANIZATIONS
	3  A STRATEGIC DEVELOPMENT MODEL FOR ACADEMIC EDUCATOR ROLES IN HE
	4  APPLYING THE STRATEGIC PLANNING MODEL TO THE DEVELOPMENT OF THE BMP EDUCATOR ROLE IN FMHS IN EUROPE
	4.1  Position audit using the SWOT methodology
	4.2  Portfolio analysis
	4.3  Forecasting of key ‘market forces’ from the SWOT audit
	4.4  Mission statement
	4.5  Vision statement
	4.6  Gap analysis
	4.7  Strategies and actions for gap reduction using the SWOT matrix technique
	4.8  Discussion

	5  CONCLUSION
	REFERENCES

	120_Morag_Casey.pdf
	1  INTRODUCTION
	2  UNDERGRADUATE PHYSICS & ASTRONOMY AT THE UNIVERSITY OF GLASGOW
	2.1  Undergraduate Science Degrees in Scotland
	2.2  Faculty Entry at the University of Glasgow
	2.3  Progression of Students from Level 1 to Level 2

	3  THE ROLE OF DIRECTOR OF LEARNING SUPPORT FOR FIRST YEAR
	3.1  Defining the Role
	3.2  Early Warning System
	3.3  Extra Academic Support
	3.4  Future Work

	4  CONCLUSIONS
	REFERENCES

	173_Titulaer_Urbaan.pdf
	1  INTRODUCTION AND OUTLINE
	2  AIMS AND PRINCIPAL FEATURES OF THE BOLOGNA PROCESS
	3  EXPERIENCES WITH THE BOLOGNA PROCESS IN PHYSICS
	4  ACCREDITATION AND BENCHMARKING
	5  TEACHER TRAINING PROGRAMMES
	6  CONCLUSION
	ACKNOWLEDGEMENTS
	REFERENCES


	295_318_Conceptual_Physics.pdf
	1  INTRODUCTION: WHY MECHANICS?
	2  THE FORCE CONCEPT INVENTORY
	3  PHYSICS TEACHING IN CROATIA
	4  METHODS
	5  RESULTS AND DISCUSSION
	6  CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES
	009_Mojca_Cepic.pdf
	1  INTRODUCTION
	2  ONE-SURFACE LENSES
	3  THE GEOMETRICAL CONSTRUCTION
	4  CONCLUSION
	REFERENCES

	016_Katarina_Susman.pdf
	1  INTRODUCTION
	2  COHESION-TENSION THEORY
	3  CAPILLARITY AND OSMOSIS
	4  PROBLEMS OF WATER TRANSPORT IN TALL TREES
	5  CONCLUSION
	REFERENCES

	139_Jennifer_Johnston.pdf
	1  INTRODUCTION
	1.1  Background
	1.2  Research Questions
	2  METHODOLOGY

	2.1  Sample
	2.2  Instrument for data collection
	2.3  Module Specific Conceptual Understanding Test
	3  RESULTS

	3.1  Results
	3.2  Conceptual test section breakdown
	3.3  Qualitative analysis of concept tests
	3.4  Questionnaire Analysis
	4  CONCLUSIONS
	REFERENCES


	319_343_Quantum_Physics.pdf
	1  INTRODUCTION
	2  THE THICK PATH
	3  THE STUDY
	3.1  The data sources
	3.2  Aims
	3.3  Some results

	4  CONCLUSIONS
	REFERENCES
	151_Bertozzi_Eugenio.pdf
	1  INTRODUCTION
	2  SEARCHING FOR AN “EDUCATIONAL GLANCE” AT THE QUANTUM FIELD THEORY
	3  SPECIFIC RESEARCH PROBLEMS
	4  RESEARCH CHOICES
	5  FIRST RESULTS
	6  FINAL COMMENTS
	ACKNOWLEDGMENTS
	REFERENCES

	180_Faletic_Sergej.pdf
	1  INTRODUCTION
	2  THE PHENOMENON
	2.1  The experiment
	2.2  Graphical explanation

	3  MATHEMATICAL DESCRIPTION
	3.1  Laws of motion
	3.2  Transition through one potential

	4  TRANSMISSION COEFFICIENT
	4.1  Parameter (

	5  CONCLUSION
	REFERENCES

	044_Alberto_Stefanel.pdf
	1  INTRODUCTION
	2  THE CONTEXT
	3  RESEARCH METHODOLOGY

	4  DATA
	5  DATA DISCUSSION AND EMERGING RESULTS
	6  CONCLUSIONS
	REFERENCES


	344_367_ICT_and_Multimedia_in Physics_Learning_and_Teaching.pdf
	1  INTRODUCTION
	2  FCI INVESTIGATIONS
	3  THE LEARNING PATH
	REFERENCES
	073_Maria_Concetta_Capizzo.pdf
	1  INTRODUCTION
	2  EXPERIMENTAL RESULTS
	3  MODELLING
	3.1  Modelling the band structure of semiconductors
	3.2  Transport properties of semiconductors

	4  CONCLUSION
	REFERENCES

	103_Sebastian_Grober.pdf
	1  INTRODUCTION
	2  LEARNING UNIT ON ORDER-DISORDER TRANSITIONS
	2.1  Construction of a lattice
	2.2  Modelling diffraction by real crystals
	2.3  Order-disorder transition: Thermal motion of atoms
	2.4  Order-disorder transition: Solid-Liquid/Gas transition

	3  REALIZATION AS A REMOTELY CONTROLLED LABORATORY (RCL)
	4  CONCLUSION
	REFERENCES

	004_Ian_Lawrence.pdf
	1  STARTING IN A DIFFERENT PLACE
	2  ACHIEVING A GOOD UNDERSTANDING
	3  REPRESENTING TO ONESELF
	4  EXPRESSIVE TOOLS
	5  TOOLS FOR ACCUMULATION
	6  A TEACHING APPROACH
	7  LOOKING FORWARDS TO EXPRESSING THINKING
	REFERENCES


	368_385_Modelling_in_Physics_Teaching.pdf
	1  INTRODUCTION
	2  MIXING TWO QUANTITIES OF WATER AT DIFFERENT TEMPERATURES
	3  CONCEPTUAL FRAME AND MODELLING
	4  A DESCRIPTION BASED ON ENTROPY
	5  POSSIBLE DEVELOPMENTS AND CONCLUSION
	REFERENCES
	136_Michele_DAnna.pdf
	1  INTRODUCTION
	2  THE EXPERIMENT
	3  MODELING
	4  ENERGY
	5  CONCLUSIONS
	REFERENCES

	033_Jouni_Viiri.pdf
	1  BACKGROUND AND AIM
	2  METHOD
	3  DATA GATHERING AND ANALYSIS
	4  RESULTS
	5  CONCLUSIONS
	APPENDIX
	A.1  Aim
	A.2  The experiment

	REFERENCES


	386_426_New_Methods_in_Physics_Learning_and_Teaching.pdf
	1  INTRODUCTION
	2  METHODOLOGICAL APPROACHES
	3  IDENTIFICATION OF LANGUAGE PROBLEMS IN PHYSICS LESSONS
	3.1  Unknown terms
	3.2  Open answers

	4  CONTENT AND LANGUAGE INTEGRATIVE PHYSICS LESSONS (CLIL)
	5  QUESTIONS OF RESEARCH
	6  FIRST OUTCOMES
	7  CONCLUSIONS
	REFERENCES
	068_Maria_Zentkova.pdf
	1  MOTIVATION
	2  METHOD
	3  EXAMPLE: PHYSICS OF THE SOUND
	4  CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES

	111_Veera_Kallunki.pdf
	1  INTRODUCTION
	2  ACTIVATING CHILDREN’S TALK WITH THE AID OF CONNECTION CARDS
	3  CATEGORIES OF COGNITIVE PROCESS DIMENSIONS AS TOOLS FOR ANALYSING PUPILS’ TALK
	4  RESULTS: TALK WITH CONNECTION CARDS AND REAL CONNECTIONS
	5  CONCLUSIONS
	REFERENCES

	115_Sevket_Gunduz.pdf
	1  INTRODUCTION
	2  THEORETICAL FRAMEWORK
	3  STRATEGY FOR CONSTRUCTING THE DIAGNOSTIC TEST
	4  IMPLEMENTATION
	5  FINDINGS
	5.1  Findings about Preparation Stages of Diagnostic Test
	5.2  Findings about Students’ Reasoning
	5.3  Findings about Reliability and Validity
	5.4  Findings about Item Analysis
	5.5  Findings About Assessment Results of the Test

	6  CONCLUSIONS AND SUGGESTIONS
	ACKNOWLEDGEMENTS
	REFERENCES

	032_Hildegard_Urban-Woldron.pdf
	1  INTRODUCTION
	2  RESEARCH QUESTIONS AND THEIR METHODICAL BASIS
	3  TASKS AND PRACTICAL EXPERIENCES IN THE CLASSROOM
	3.1  Activity 1: The bouncing ball
	3.2  Activity 2: Air under pressure – Boyle’s Law
	3.3  Activity 3: Newton’s Law of cooling

	4  EVALUATION, ASSESSMENT AND DISCUSSION
	REFERENCES

	146_Bonello_Charles.pdf
	1  INTRODUCTION
	2  DESIGNING THE T-F STATEMENTS
	3  CONTEXT OF STUDY
	4  ANALYSIS OF T-F RESPONSES
	4.1  Non-contact forces
	4.2  Inverse square law
	4.3  Newton’s 3rd and 2nd laws of motion

	5  STUDENTS AFFECTIVE REACTIONS
	6  CONCLUSION
	REFERENCES


	427_473_Physics_Teaching_and_Teacher_Training.pdf
	1  INTRODUCTION
	2  CERTAIN ASPECTS OF TEACHING IN MODEST WORKING CONDITIONS
	2.1  Resolving the problem of lack of equipment
	3  METHODOLOGY

	3.1  Purpose of the project
	3.2  Methods
	3.3  Time and place for realization of the project
	3.4  Working conditions
	4  RESULTS

	4.1  Results achieved in competitions
	4.2  Students’ experiences of Physics

	5  CONCLUSION
	REFERENCES
	101_Damir_Rister.pdf
	1  INTRODUCTION
	2  AIMS
	3  SAMPLE AND METHODOLOGY
	4  RESULTS AND DISCUSSION
	4.1  Pupils
	4.2  Gender differences
	4.3  Teachers

	5  CONCLUSIONS
	REFERENCES

	079_Jesuina_Pacca.pdf
	1  INTRODUCTION
	2  METHODOLOGIES
	3  DATA ANALYSIS
	4  CONCLUSIONS
	REFERENCES

	072_Claudio_Fazio.pdf
	1  INTRODUCTION
	2  EMPIRICAL STUDY

	2.1  The characteristics of PTs’ knowledge about mechanical waves
	2.2  The design of laboratory activities
	3  CONCLUSIONS
	REFERENCES

	014_Leopold_Mathelitsch.pdf
	1  INTRODUCTION
	2  NEW APPROACHES TO IN-SERVICE TRAINING IN AUSTRIA

	2.1  Pedagogical - Didactical Course
	2.2  Innovations in Mathematics and Science Teaching
	2.3  MNI-Funds
	2.4  Regional Centre for Didactics of Physics
	3  SUMMARY
	REFERENCES

	031_Hara_Papathanassiou.pdf
	1  BACKGROUND
	2  THE ASTRONOMY PILOT E-TUTORIAL
	2.1  Attendance’s impact on performance
	2.2  Analysis of questionnaire responses

	3  E-TUTORIALS ON ELECTROMAGNETISM
	3.1  Attendance
	3.2  Impact on performance

	4  CONCLUSIONS AND FUTURE WORK
	REFERENCES

	060_K_Przegietka.pdf
	1  INTRODUCTION
	2  COMPARISON OF THE SCIENCE TEACHER TRAINING CURRICULA
	3  FIRST MOBILITY ACTION OF STUDENT-TEACHERS TO BE
	3.1  Realisation
	3.2  Evaluation and conclusions

	4  FUTURE OF THE PROJECT
	REFERENCES

	161_Sonia_Concari.pdf
	1  INTRODUCTION
	1.1  National Normative: Education Federal Law in Argentina
	1.2  The Physics theoretical curriculum
	1.3  Achievements expectations in the First and Second Physics Courses
	2  PHYSICS IN THE HIGH SCHOOL IN SANTA FE JURISDICTION
	3  SOME DISCIPLINARY COMPETENCES DEMANDED IN IN-COMING STUDENTS TO SCIENTIFIC - TECHNOLOGICAL CAREERS IN THREE ARGENTINE UNIVERSITIES
	4  PHYSICS IN IN-COMING STUDENTS TO THE UNIVERSITY OF NORTHEAST
	5  CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES


	474_508_Physics_Communication.pdf
	1  INTRODUCTION
	2  ANALYSIS AND OVERALL RESULTS
	3  EXAMPLES OF THE PROBLEMS
	3.1 Problem example 1
	3.2  Problem example 2
	3.3  Problem example 3

	4  CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES
	097_Rajka_Jurdana.pdf
	1  INTRODUCTION
	2  METHODS
	3  RESULTS AND CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES

	002_Gordana_Zauhar.pdf
	1  INTRODUCTION
	2  STUDENTS’ APPROACH TO OLD EQUIPMENTS
	3  DISCUSSION AND CONCLUSIONS
	REFERENCES

	012_Grzegorz_Karwasz.pdf
	1  NICOLAUS COPERNICUS, THE RELATIVITY PRINCIPLE AND THE COSMIC AETHER
	2  HYPOTHESIS OF THE AETHER
	3  DOPPLER EFFECT AND MICHELSON-MORLEY EXPERIMENT
	3.1  Doppler effect
	3.2  Michelson’s experiments

	5  DOPPLER EFFECT IN COSMOLOGY AND COSMIC MICROWAVE BACKGROUND ANISOTROPY
	REFERENCES

	015_Dorothy_Sebestyen.pdf
	1  INTRODUCTION
	2  ILLUSTRATIONS FROM FINE ART AND LITERATURE FOR CHAPTERS OF PHYSICS
	2.1  Physical and art-aspects of space and time
	2.2  The laws of optics on paintings and in poems
	2.3  The camera obscura in the history of physics and in the arts
	2.4  Duality and Complementarity Here and There - Everywhere
	2.5  Association between a picture and the special theory of relativity

	3  CONCLUSION DRAWN FROM A DIFFERENT ASPECT
	REFERENCES

	156_Sands_David.pdf
	1  INTRODUCTION
	2  A MODEL OF COMMUNICATION
	3  RESULTS
	4  CONCLUSION
	REFERENCES


	509_510_Local_Orgnizers.pdf
	LOCAL ORGANIZERS
	Golden Section Society Rijeka
	Department of Physics at Faculty of Arts and Sciences in Rijeka


	511_512_Author_Index.pdf
	AUTHOR INDEX

	513_517_List_of_Participants.pdf
	LIST OF PARTICIPANTS

	518_Acknowledgements.pdf
	ACKNOWLEDGEMENTS



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe Monitor Profile)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        14.173230
        14.173230
        14.173230
        14.173230
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice



PAGE  



FRONTIERS OF PHYSICS EDUCATION

Selected Contributions


GIREP - EPEC Conference

26 - 31 August, 2007, Opatija, Croatia

4th GIREP Seminar


2nd European Physics Education Conference

EDITORS


Rajka Jurdana-Šepić, Velimir Labinac, Marta Žuvić-Butorac, Ana Sušac

		Society ‘‘Golden section’’ Rijeka, Croatia

August, 2008 

		














PAGE  



