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Foreword

The International Association “Hands-on Science Network” was established 
in the sequence of the Comenius 3 project “Hands-on Science” partially 
financed by the European Commission in the frames of the Socrates 
Program, from October 2003, coordinated by the University of Minho and 
involving over 200 institutional members from all over the EU. Now the 
Hands-on Science Network is a non-profit organization legally registered in 
Portugal. With a broad open understanding of the meaning and importance 
of Science to the development of our societies, each individual and of the 
humankind, the main goal of the Network is the development and 
improvement of science education and scientific literacy by an extended use 
of investigative hands-on experiments based learning of Science and its 
applications. 
Among the many activities we organised, our annual conferences (and 
workshops) were especially successful. Apart from allowing and promoting 
an open broad and friendly exchange of experiences on good practices and 
all aspects and perspectives on Science Education, among the one 
thousand participants, over 500 very interesting and meaningful works were 
published.  It represents a set of work material of the highest interest to the 
Science and Science Education community. Among those a good number of 
papers are of especially high quality and relevance. 
The papers herein were selected and reviewed by the conferences’ program 
committees and the board of the Hands-on Science Network. The papers 
are organised chronologically per conference allowing also, in some way, to 
access the evolution in these matters on last 5 years. My first paper will give 
the readers an idea of the goals, planning methods and strategies of the 
Hands-on Science project.  

We think this book will be an invaluable tool to all readers and are looking 
forwards to welcome the active involvement of all in our Hands-on Science 
Network 

…towards a better Science Education…

Manuel Filipe Pereira da Cunha Martins Costa 
(Chair) 





The Hands-on Science Network (www.hsci.info) exists to 
promote the development of science education and scientific 
literacy. It encourages a generalized use of innovative active 
hands-on experimental investigative approaches to science 
and technology education. In raising the profile and 
attractiveness of Science in Education, we aim also to 
increase the desirability of a career in Science for all. 





Selected Papers on Hands-on Science 

i
ISBN 978-989-95336-2-2 ©Hands-on Science Network 2008 

CONTENTS  

Foreword  

Hands-on Science 
Costa MFM ………….……………………………………………………… 1
State of the Art of Science Teaching 
Michaelides PG ……………………………………………………………. 14
Learning Optics at Basic Schools by Experimentation 
Costa MFM …………………………………………………………………. 25
Teaching Concepts of Physics and Appointing the Nature of Science 
through Historic Scientific Experiments 
Dimitriadis P, Paptsimpa L, Fasseas S and Kyriaki E ……………… 29
Physical Virtual Laboratory 
P u an E and Iliescu M ……………………………………….…………. 37
Science Teaching with Self-Made Apparatus 
Michaelides PG and Miltiadis T ………………………………………… 46
A Sience Fair on Solar Energy with 6th Grade Primary School 
Children in Greece 
Tsagliotis N ………………………………………………………………… 54
Teaching Physics Modelling with Graphic Simulations Tools 
Zamarro JM, Molina GJ and Núñez MJ ……………………………….. 69
Understanding Real Experiments in Electricity by Computer-Based 
Simulation of Electrical Forces between Charged Particles 
Križaj D and Simeonov D ................................................................... 74
Hands-on Physics Bibliography 
Dorrío BV, Rua A, Soto R and Arias J ………………………………… 80
Interactive Virtual Chemical Laboratory 
Fir M, Dolni ar D, Vah i  A, Vrta nik M and Divjak S ……………… 89
Growing up with Robots 
Costa MFM and Fernandes JF …………………………………………. 92
Promoting the Construction of Knowledge during Practical Work 
Gatt S ……………………………………………………………………….. 100 
Investigating the Rebounce of Squash Balls: a Computer Simulation-
Based Intervention to Foster the Development of Procedural Skills in 
Grade 5 
Papaevripidou M and Constantinou CP ……………………………… 113 



Selected Papers on Hands-on Science 

ii
ISBN 978-989-95336-2-2 ©Hands-on Science Network 2008 

Romanian Strategy on Virtual Instrumentation Training in High 
Schools 
Savu T and Sporea D ...................................................................... 123
Constructivism 25 Years on: Its Contribution, Missed 
Opportunities? 
Gatt S ................................................................................................ 129
Preparing Teachers for Cognitive Coaching: the Case of Physics by 
Inquiry as an Experiential Basis for Science Learning 
Constantinou CP ………………………………………………………. 136
Innovative Ways of Combining Teaching ICT with Teaching 
Science: Video Taking and Editing by Students and Teachers 
Antonopoulos SG, Garyfallidou DM, Ioannidis GS, 
Sianoudis JA, Sotiropoulos DJ and Tsiokanos AC ..................... 155
Web-Based Instruction in IT Hardware  
Berezovska I ……………………………………………………………. 164
Conceptual Learning of Science and 3D Simulations 
Divjak S ............................................................................................ 170
Environmental Education in Greek Schools: The Viewpoint of the 
Local Coordinators 
Kimionis G and Michaelides PG .................................................... 176
Optics and Pool: Play the Game 
Lima CFS and Costa MFM .............................................................. 182
Hands-on Science in Romania, Act II 
Sporea D .......................................................................................... 186
Hands-on Science Activities for the Teaching and Learning of 
Mechanical Energy with 6th Grade Primary School Children in 
Greece 
Tsagliotis N ...................................................................................... 193
Boring but Vital – How Should We Teach Our Students about 
Chemical Safety? 
Cartwright HM ………………………………………………………….. 201
Science with a Difference – Organising Planet Walk in Malta 
Marks JB .......................................................................................... 212
Motivation and Hands-on Experiments 
Trna J …………………………………………………………………….. 221
Science Interpretation in High School 
Villar R and Dorrío BV ..................................................................... 231

Nektarios
Highlight



Selected Papers on Hands-on Science 

iii
ISBN 978-989-95336-2-2 ©Hands-on Science Network 2008 

The Effect of Using Simple Equipment on the Acquisition of Plan 
Map Concepts in the Vocational Schools  
Fathi-Azar E ..................................................................................... 240
Learning Science towards a Sustainable Development 
Vila-Chã Baptista RM, Silva P and Costa MFM …………………… 247
Practical Work to Promote Interdisciplinarity between Physical and 
Natural Sciences: A Teaching Experiment with 7th Grade 
Portuguese Students 
Duarte MC, Sequeira M and Barbosa P ......................................... 255
The Science Fair as a Means for Developing Children’s Graphing 
Skills in Elementary School 
Kyriazi E and Constantinou CP ..................................................... 261
Experiential Phenomena as Experimental Activities in Science 
Laboratory based on the Human Body – Four Cases 
Sotiropoulos D, Tsagaroulaki K, Svarnas T, Metaxa A and 
Kalkanis G ………………………………………………………………. 276
Mechanical and Solar Energy Projects … in Action 
Tsagliotis N ...................................................................................... 281
Hands-on Technology Education for Teachers: The Role of the 
Technology Fair Project as a Mechanism for Developing Problem-
Solving Skills 
Alexandros C and Constantinou CP ............................................. 287
Hands on Physics and Biology in House of Science 
Gumaelius L and Johansson KE ................................................... 303
Gravitropism Hands-on Device 
Oikonomidis S, Grigoriou V, Kaponikolos N, Kanavi S and 
Kalkanis G ………………………………………………………………. 309
The Process of Digestion as Chemistry. The Horrible Experiment of 
Dr. William Beaumont 
Van Haegenbergh E ........................................................................ 313
How to Engage Science Students Using Demonstrations 
Cartwright HM ………………………………………………………….. 320
The Role of Physics Knowledge in Learning IT. An Educator’s View 
Berezovska I and Berchenko M ..................................................... 328
From Simple to Complex but What is Simple and for Whom? 
Härtel H ............................................................................................ 334
Electromagnetic Shoot 
Gabriel Rocha J S and Sena Esteves J ......................................... 343



Selected Papers on Hands-on Science 

iv
ISBN 978-989-95336-2-2 ©Hands-on Science Network 2008 

Induction Ring Launcher 
Matos V, Silva L and Sena Esteves J ............................................ 347
The Odyssey of a Plastic Bottle in the School Laboratory 
Tzianoudakis L, Siskakis Y and Papagiannaki S ......................... 353
Historic Experiments on Internet. Trying to Find New Answers to 
Old Questions 
Kyriaki E, Papatsimpa L and Dimitriadis P ………………………... 360
Particle Physics Goes to School 
Johansson KE ................................................................................. 369
Kit and Method for Experiments in Physics/Mechanics 
Tavares D and Da Fonseca RJM ……………………………………. 375
Hands-on Activities with LEDs and Light 
Voudoukis N, Oikonomidis S and Kalkanis G .............................. 383
Using Robotics in Classroom: LEGO MindstormsTM and Physics 
Cardoso J ……………………………………………………………….. 390
The UNIQUE AND UNIVERSAL Project Exploring and Sharing our 
Ecosystems through Scientific Processes 
Erentay N and Erdo an M .............................................................. 401
Teaching Electrical Engineering through Demonstration of Real 
Devices and Computer Modelling: Electromagnetic Gun and a 
Miniature Circuit Breaker 
Krizaj D, Penic S, Tacar D and Drnovsek B .................................. 414
Indoor Interactive Science Museums in School 
Dorrío BV and Villar R ..................................................................... 421
The Role of Science Centres and Museums in Teaching Science 
Kothari S and Kothari A .................................................................. 430
A Low Cost Science Toy Workshop under the Banyan Tree 
Kothari A and Kothari S .................................................................. 435
Affordable and Efficient Science Teacher In-Service Training 
Margetousaki A and Michaelides P G ……………………………… 443
Geometric Reasoning and Proof Problems in Geometric Dynamic 
Environments 
Breda A, Neto T, Costa C and Costa N .......................................... 453
Method and Set-Up to One-Step Recording Rainbow Holographic 
Art Exhibits 
Chisleag R and Leg M ………………………………………………… 464
Chladni Plates: A Hands-on Energy Activity 
Dorrío BV, Rodríguez-Muñoz S, Rodríguez-Lago A and Diz J .... 467



Selected Papers on Hands-on Science 

v
ISBN 978-989-95336-2-2 ©Hands-on Science Network 2008 

A Space Education Hands-on Experiment Using the Principle of 
Action and Reaction in Elementary School 
Oliveira Reis NT and Dias Garcia NM ………………………………. 475
On the Feasibility to Include Contemporary Science Concepts in 
the Primary School Curricula. A Retrospection into Two Case 
Studies
Tsigris M and Michaelides PG ....................................................... 484
Introduction to Fiber Optics and Telecommunications 
Costa MFM ....................................................................................... 492
A Cycle-Ergonometer 
Costa MFM ....................................................................................... 497
The Subject SATELLITES on Portuguese Primary School 
Development of a Pedagogical Model 
Carvalheiro L, Amasaki Y and Manso M D .................................... 501
Interdisciplinary and Interactive Learning Environments in the 
Science Teaching-Learning Process in Secondary Schools 
Libardi H, Coulon Grisa A M, Reis Pacheco M A, Rochefort O I, 
Villas-Boas V, Tomazzoni Gonçalves S F, Brinker J M and 
Cemin C ............................................................................................ 510
Formation of Young Scientists. The Educative Mission of the Senior 
Scientists 
Timus C ………………………………………………………………….. 517
Slovenia Experience Using Videoconference Technologies in Long 
Life Learning 
Divjak S ............................................................................................ 523
Foldable Slewing Crane 
Pedrosa D, Teixeira P, Crespo J, Costa D and Sena Esteves J .. 531
Hands-on Science Network. Improving Science Education towards 
a Sustainable Development 
Costa MFM ………………………………………………………………. 542
Results from an Undergraduate Test Teaching Course on Robotics 
to Primary Education Teacher – Students 
Anagnostakis S and Michaelides PG ............................................ 546
Vision: An Interdisciplinary View 
Catelli F and Libardi H .................................................................... 555
Informatics in Science and Technology Teaching 
Michaelides PG ................................................................................ 562
Safety of the Human Body in Hands-on Science Experiments 
Trna J and Trnova E ...………………………………………………… 572



Selected Papers on Hands-on Science 

vi
ISBN 978-989-95336-2-2 ©Hands-on Science Network 2008 

A Study of Educational Robotics in Elementary Schools 
Ribeiro C, Coutinho C, Costa MFM and Rocha M ........................ 580
Art and History: New Motivations for Students in Materials 
Engineering Learning Classes? 
Pereira M, Cramez C, Vilarinho C, Reis Da Mata AM, Capela P, 
Oliveira E, Oliveira F and Ribeiro S ………………………………… 596
Interactive Courseware for Computer Science Teaching and 
Learning
Divjak S ............................................................................................ 601
Developing the Spirit of Innovation through Hands on Science: An 
Indian Perspective 
Patairiya M ………………………………………………………………. 605
The Trio: Research Institute, University and School to Promote the 
Interest for Science 
Timus C ............................................................................................ 611
Science Fairs as an Annual Students Project 
Esteves Z and Costa MFM .............................................................. 617
Thermonuclear Power Plant Model 
Sena-Esteves J and Sepúlveda J …………………………………… 623
Children’s Perceptions on Endangered Species and Threatened 
Environments: Results from UNIQUE AND UNIVERSAL Project 
Erdo an M and Erentay M .............................................................. 632
An Intergenerational Research Motivation- Relation between 
Mathematics and Artistic Decoration of Animal Skin 
Reis R ............................................................................................... 644
Work Done in Kindergartens by Our Students Orientated by 
Distance Learning 
Seixas S …………………………………………………………………. 650
Aquarium as a Tool for Teaching Sciences at All Grades Levels 
Seixas S and Martinho M ................................................................ 655
Data Acquisition Experiments for Earth Science Lessons 
Garabet M and Neac u I ………………………………………………. 660
Home-Made Science in Parallel with the Curriculum 

aylan DU, Gö ü  E and Alpar MA ............................................... 664
Mechanical Oscillation Superposition and Lissajous’ Figures 
Dias Tavares A, Da Mota LACP and Vieira GJ ……………………. 671

AUTHOR CONTRIBUTORS …………………………………………… 681 



Selected Papers on Hands-on Science 

1
ISBN 978-989-95336-2-2 ©Hands-on Science Network 2008

Hands-on Science 

Costa MFM 

Introduction
In the Society of our days there is a major increasing need of an in depth quality 
education in Science and Technology.  
Science teaching at school should be generalised aiming not only the sound 
establishment of a “Science” culture in our societies but also to guarantee a steady 
basis for the improvement of Science and its technological applications.  
Urgent actions should be taken in this direction. By initiative of the author the 
“Hands-on Science” (H-Sci) network was created. The European Commission 
under the program Socrates, Comenius 3 action (project nº. 110157-CP-1-2003-1-
PT-COMENIUS-C3) supports the network. 

Figure 1. The symbol of the network

The activities of our network focus on the development and or diffusion at European 
scale of positive hands-on experimental practices on teaching science at basic 
secondary and vocational training schools. By leading the students to an active 
volunteer and committed participation in the teaching/learning process through 
hands-on practice and experimentation, making intensive use of the new 
instruments and resources of the Information Society.  
Hands-on practices are being very successfully employed in Science Museums’ 
Clubs and Associations throughout Europe, as major motivational but also learning 
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tools. The benefits of the use of these methods in the classroom are being 
illustrated for already some years in the USA and in some EU schools. It is now the 
right time to generalise the use of these practices in an effort to raise the levels of 
scientific literacy and expertise among our youngsters.  
Science and Technology have always been issues of fundamental importance to 
the development of the countries and societies. Today this is, definitively, also true. 
No sound development can be foreseen without a strong S&T infrastructure. The 
fundamental basis of it is, indubitably, a well-prepared motivated reliable and 
flexible workforce. Scientific and Technological literacy is also of great importance 
for citizenship and democratic participation in a world where Science and 
Technology issues and demands have a dominant role. 
The increase of literacy in Science and related technical expertise will induce the 
creation or development of high-tech industries or services’ firms that are of 
fundamental importance for Europe’s growth and development. Thus being a pro-
active factor of direct impact on the inclusion of new, and less developed, country 
members in the EU. Not only a long-term effect is foreseeable but also an 
immediate impact by raising the expectations of the economic agents and of the 
society in general. 
A clear picture on the status of Science and Technology Education in European 
Schools should be made available. As well a number of policy recommendations 
and tested pedagogic material will be made available. A network of experts on this 
topic will be established. A raised awareness of the importance of this theme will be 
established in steady basis. 

Pedagogical and Didactical Approaches 
The new stringent requirements of the modern society demand not only the 
gathering of specific knowledge but also and specially the ability of acting 
interactively to be able to find, analyse and solve new interdisciplinary problems. 
The best way of achieving an adequate formation of our students on these issues is 
by inducing the students to an active committed participation in the 
teaching/learning process, through practice and experimentation [1]. Making use of 
the new instruments and resources of the Information Society. 
Our pedagogic approach is focused on inducing an effective learning of science 
subjects and basic competencies as responsibility, method, self control and reward, 
critical reasoning and observation, commitment in collective group actions, 
interaction and proactive inter-dependence.  
Hands-on activities are proved to be the most effective way of acquiring these 
competencies for the vast majority of child and adolescents [2]. Whenever 
advisable a constructivistic [3] approach will be used. It is sometimes necessary to 
allow the students to have a first qualitative conceptual contact with the issues of 
science. Conceptual learning will be integrated and used in our hands-on practices. 
We will use virtual simulations of natural phenomena always simple and inducing or 
requiring interaction with the students in a way that the qualitative perception of the 
concepts of Science may lead to a quantitative interpretation. The Physlets [4] first 
developed at the Davidson College in the USA are accepted to be a good tool that 
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will be explored in this context, and exported to other fields of Science. Different 
approaches to this issue of the use of ICT including virtual simulations in Science 
teaching will be discussed and assessed. The use of ICT in teacher training will 
also be explored [5]. The produced guides will be formative summative and making 
constant appeal to critical reasoning, observation and active commitment of the 
pupils. They will be expert’ reviewed and tested in-class, and receive students and 
school evaluation. The heterogeneity of pupil’s interests, abilities, experiences and 
future wishes should be carefully assessed also by contrasting the responses 
between different countries, languages, minority groups, cultures and gender. This 
analysis, that will be published and widely publicised, with conform the development 
of the pedagogical materials and syllabus to be produced for different countries, 
populations and languages. We will try to establish bridges between the industry 
and employers, the schools and educators, and research institutions. Suggestions 
will be developed on how to establish this kind of links (local and international co-
operation settings will both be considered). Syllabus and guides to be developed 
will also take into account this interaction.  
The assessment of the network is considered fundamental. We will seek both 
internal self-evaluation but also from external educational government boards, 
Educators Associations, relevant local government entities, teachers and especially 
from students and their parents. Inquests and questionnaires will be prepared and 
delivered to the different evaluators. The experience of the ROSE’ (The Relevance 
Of Science Education) project coordinated by the University of Oslo, will be taken 
into account [6].
Our pedagogical and organisational strategies follows the guideline determinations 
of the USA’ National Science Education Standards (National Research Council, 
1986) actualised and adapted to the actual, and local, social cultural and 
educational situation in the EU. We place a special focus on the pro-active 
commitment of teachers and educators in motivating, inducing and conforming the 
autonomous realisation of broadband hands-on scientific activities by keen and 
active pupils. 

Goals and Outcomes 
Our goals and field of intervention is rather wide. Below we list the main activities 
goals and outcomes of our network on the first 3 years of the project and beyond. 

Main Goals and Activities 
We expect this network to serve as starting point for the generalisation of the use of 
hands-on active learning of Science in EU Schools.  

1. we will collect and sum up continuously knowledge, information, materials, 
ideas, curricula and experiences from past and ongoing Socrates (Comenius 
and others) projects in related fields; 

2. collect and monitor results and expertise achieved in former and on going 
pedagogic research projects in Europe and abroad in hands-on learning at 
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schools in the various fields of Science. 
3. develop an instrument/strategy of data collection on students’ (6 to 18 years 

old) opinions, experiences, interests, priorities and perceptions, in particular 
of the relevance of Science. 

4. discuss and develop theoretical perspectives and practical approaches 
sensitive to the diversity of backgrounds 

5. induce the presentation of a variety of COMENIUS 1 and 2, and MINERVA 
projects, and others (at national and multinational level) including in the 
contest of the 6th framework, involving members of the network and others. 
Those projects will allow the achievement of several of our most important 
goals. 

6. assess discuss develop and test ways or better ways of using hands-on 
learning at the school.  

7. describe good practices and transform these into better practices in 
Teaching and Learning Science. 

8. induce an interdisciplinary integrated approach to Science learning through 
experimentation. 

9. induce the discussion and exchange of ideas and experiences among the 
different participants on the network. 

10. discuss and promote the issue of Science literacy for citizenship and Life-
long learning. 

11. create an open web based network, a privileged forum for sharing ideas and 
diffusing our works’ results 

12. by creating internet pages (including the study of the development of virtual 
laboratories and tools) and Internet-based teleconferences and courses in 
the different national official languages,  

13. by creating an web-based discussion Forum to be used by and open to all 
the school teachers, educators, parents and responsibles for the local, 
National and EU Science and Education policies.  

14. promoting exchange visits of schoolteachers and project co-ordinators 
between institutions in different countries. 

15. organising international conferences and thematic workshops on this 
subject. 

16. inviting the community to be involved in our discussions 
17. promoting and delivering training courses for school teachers and educators 

in different languages and countries 
18. establishing guides and guidelines, translated to national languages on new 

specific hands-on experiments. 
19. promoting hands-on experimental in-school activities  
20. promoting Hands-on-Science contests and fairs at school regional national 

and EU level. 
21. to induce the establishment of Discovering Science Students’ Clubs within 

the schools.  
22. to contribute to the development and dissemination of new ICT and 

multimedia tools of free open equitable access to persons with disabilities 
and minorities. 
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Hands-on Science Activities for the Teaching and 
Learning of Mechanical Energy with 6th Grade 
Primary School Children in Greece 

Tsagliotis N 

Teaching and learning about energy  
A teaching and learning approach of the “energy” concept in science education is 
considered to be important because it constitutes a fundamental process, which 
allows predicting and interpreting the behavior of a wide variety of physical systems, 
referring to diverse branches of physics and/ or other areas of science (inter-
phenomenological character of energy). Moreover, the understanding of socio-
scientific issues, such as energy supply and use within a sustainable development 
approach, appears to be of equal importance nowadays (socio-cultural character of 
energy).
Within the context of “school science” or science curriculum “energy” is treated as a 
rather compulsory topic for secondary science. Nevertheless, it constitutes a 
disputable and controversial issue for primary science education, mainly due to its 
abstract nature, which is difficult to become concrete or even reified to a certain 
extent for the age group of 10-12 year-old children. There appears to be a lack of 
consensus in primary science education with respect to the developmental 
appropriateness of the concept and the “correctness” of possible “simplifications” 
and/or approximations (Trumper, 1990). In most cases energy is associated with 
sources or properties of certain object e.g. batteries and fuels rather than concepts 
like heat and light (Duit, 1984). There appears to be a tendency to conceive energy 
as a property of living organisms commonly associated with motion or a physical 
endeavour, which seems to be strongly linked with the meaning ascribed to the 
word “energy” (energetic) in everyday situations (Solomon, 1992). Moreover, 
“energy” is often used as a label to attribute different meanings to different contexts 
e.g. “something happening” “something going on”, “giving-taking energy”, “make 
something go or stop” etc. (Brook, 1986). 
It is often claimed that energy seen as “the ability to do work” and the focus on the 
conservation law, have not been very successful in the promotion of a substantial 
and functional understanding of the “energy” concept (Duit, 1986). It has been 
claimed that even when secondary students are taught and somehow recall the 
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second law, they often fail to answer questions which require deeper conceptual 
understanding of the law (Solomon, 1992). Furthermore, learners tend to avoid 
referring to the conservation law when they analyse the behaviour of given physical 
systems (Driver and Warrington 1985). This lack of understanding with respect to 
the law of conservation is often attributed to the fact that it is counterintuitive, in the 
sense of being inconsistent with everyday experience (Solomon, 1992). In other 
words, it appears that learners have difficulties in conceiving the idea of “closed 
energy systems”, and if that is the case for secondary science, perhaps it can be 
equally considered as an “epistemological obstacle” for the teaching and learning of 
“energy” in a primary science context. 
Nevertheless, there appears to be a shift in the emphasis from teaching about 
forms and transformations of energy per se, to the analysis of systems depicting a 
process, based on the idea of energy transfer and change (Chisholm, 1992). It is 
also claimed that an approach of “energy degradation” should be present in 
association with the conservation law (Duit, 1986) and that could be started at the 
last two grades of primary school (11-12 year-olds). This is based on the premise 
that understanding energy degradation might enhance the development of 
understanding about the conservation law (Duit, 1986; Solomon, 1992) or at least it 
can create a sort of a fruitful foreground. In this inquiry, “energy” is seen through a 
context of “change-degradation”, providing foreground hints for energy 
conservation, within a primary science education approach. 

The teaching intervention approach 
In the design of the teaching intervention, the “Model of Educational 
Reconstruction” has been taken into account, in an attempt to balance approaches 
that pay attention to the science subject matter structure with those that mainly 
focus on learners’ perspectives, abilities and needs (Kattmann et al., 1995; Duit, R. 
and Gropengießer, 2004). It is claimed that the overall aim of the model is “to
identify the connections between scientific knowledge and the students’ alternative 
frameworks in everyday life and also to re-construct meaningful relations which may 
get lost in the course of scientific and teaching activities” (Kattmann et al., 1995). 
The most valuable feature of the model appears to be the intimate interaction of its 
three main components: a) the analysis of content structure, b) the empirical 
investigations and c) the construction of instruction. Thus, science subject matter 
appears to be a reference position in order to understand the learners’ perspective, 
but also the latter may constitute a reference position to facilitate more adequate 
understanding of the science point of view and vice versa (ibid.). In the course of 
development of the teaching intervention several teaching and learning strategies 
have been employed such as: extension of existing views and application in new 
situations, development of scientific understanding in parallel with existing notions 
or even recognition of appropriateness and/or applicability of explanatory 
frameworks in various situations (cf. Scott et al., 1992). 
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Figure 1. The Model of Educational Reconstruction 

The teaching intervention about mechanical energy lasted for a series of 12 
teaching hours and dealt with concepts like work, dynamic energy, kinetic energy,
wind energy, energy change and energy degradation, within a context of practical 
investigations such as the following: 

 dropping balls on wet sand, of various weights and from different heights, 
study the craters they create in the sand and make inferences about 
dynamic energy and its relation to weight and height. 

 examination of everyday toys (e.g. jumping toy frogs with elastic tails, 
moving toy cars and wind up toys, which have been deconstructed studied 
in class, investigating elastic and metallic plates that “store” dynamic 
energy and “change” it to kinetic energy). 
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 construction of toys as project work (e.g. aeroplanes, catamaran boats and 
toy cars moving with “rubber band energy”) (cf. Taylor, 1998; Tsagliotis, 
2005) 

 studying kinetic energy with lorries rolling down the slope at different 
heights and from the same height with different masses 

 similarly, studying kinetic energy with a marble rolling down the slope at 
different heights and with marbles of different masses from the same 
height, moving a paper cup at a distance 
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 “wind energy” in the case of sailboats and wind mills (constructed in class 
to lift up weights) was discussed as an “application” of mechanical energy 
and as an example of energy change and degradation. 

Research approach 
From a practitioner-researcher’s standpoint (Schön, 1983), research has been 
carried out in an educational setting of a 6th grade of primary school with 35 
children, divided into two classes (18 and 17 respectively). The overall aim is to 
provide insights into a particular teaching and learning environment throughout a 
certain period of time and to understand and describe aspects of conceptual 
change about mechanical energy with 11-12 year-old children in a primary science 
classroom. In other words, according to Niedderer et al. (1992), this inquiry aims to 
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describe “selected states” of children’s ideas and conceptions before, during and 
after a teaching and learning process, in order to understand the variety of these 
conceptions and the ways they evolve and change.  
More specifically, the research questions of this inquiry are the following: 

 What variety of conceptions or ideas do children have about mechanical 
energy?  

 What kind of changes in children’s ideas and conceptions about 
mechanical energy can be pointed out? 

 To what extent does a conceptual framework of “energy change and 
energy degradation” enable children to understand aspects of mechanical 
energy? 

Sixteen (16) out of the total of 35 children, selected to be of mixed ability, have 
been interviewed before and after the teaching intervention with the Interview-
About-Instances technique (Gilbert et al., 1985), using the same set of interview 
cards. The instances depicted on the set of 10 interview cards for mechanical 
energy came from everyday activities (i.e. man pushing a heavy box), children’s 
playground (i.e. children playing on the seesaw, swinging, going down the slide, 
child throwing a tennis ball bouncing on the floor), sports (i.e. weightlifter), natural 
phenomena (i.e. a stone going down a hill slope) and human constructions for the 
use of mechanical energy (i.e. a water mill, a wind mill and a sailing boat). The 
same children were interviewed again six months after the completion of the 
research episode using a second set of 4 interview cards, which depicted both 
similar but also differentiated instances from those of the earlier set. 
The interviews have been fully transcribed and are analysed in three levels. At first 
level the Pre-Intervention Interviews and the Post-Intervention Interviews are 
analysed separately, in order to elicit a variety of qualitatively different conceptions 
about the depicted instances before and after the teaching interventions on 
mechanical and solar energy. At second level the elicited conceptions are to be 
compared within the context of each depicted instance, in order to identify 
conceptualisation differences, in an attempt to reveal the dynamics of conceptual 
change. At third level the conceptions of particular children-cases are considered 
across the interview cards, both in pre and post intervention interviews, in an 
attempt to obtain deeper insights in children’s evolution of conceptions and 
conceptual change. The post-interviews, taken 3 months later, will be considered 
separately and in combination with the 2nd and 3rd levels of analysis. The NVivo
software from QSR has being used in the coding and analysis of the interview data 
(cf. Gibbs, 2002).
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Findings and discussion 
Findings indicate that before the teaching intervention mechanical energy appears 
to be seen as an “action”, an “activity” or a “human endeavour”, strongly associated 
with motion and “pace”, whereas things that are not moving “have no energy”. After
the teaching intervention mechanical energy appears to be seen as “stored energy” 
(dynamic energy) when “things are high up” or when they are “stressed”, “pushed 
down” or elastically deformed, but also as “energy of motion” (kinetic energy) which 
is related to the “speed of objects” or to the “pace they have while moving”. “Energy 
change” appears to be discerned in the card-instances as dynamic-kinetic-heat 
change [e.g. rock rolling down the hill slope], whereas energy degradation is seen 
though “energy change to heat” due to “friction” [e.g. swing, seesaw, wind mill, 
sailing boat,] and “crashes” “fading” [e.g. rolling rock, water crushing on the water 
wheel]. In this sense energy degradation is seen as energy which “is put out of use” 
or is “incapacitated” for a useful cause or result, “turned into heat”, which cannot be 
easily used further. 
Such aspects of change on children’s conceptions about energy from the pre and 
post-intervention interviews can be seen through a framework of multiple variations
of conceptions about energy, discerning different aspects of situations and 
phenomena, which come into focus, are the matised by reflection and appear to be 
context dependent. Within a dynamic approach to conceptual change, children 
appear to experience and discern some varied features of mechanical energy, in 
terms of characteristics and aspects that come to the fore and remain into focus, 
within the particular context of the depicted instances of the interview cards. As 
Marton (1990) has argued, “within the internal dynamics of a conception of 
something, a restructuring is taking place and one meaning develops into another”
and that appears to be a gradual and on-going procedure.  
The notion of multiple varied conceptions can be seen as a challenge to a theory of 
conceptual change, which assumes conceptual stability and does not focus on the 
dynamics of awareness (Pong, 1999). If multiple, varied conceptions are context 
dependent, it appears more important to be able to recognise a context, discerning 
some of its features into focal awareness, and in this sense evoke an appropriate
conception, in terms of conceptual appreciation, delimited by the particular context 
(cf. Linder, 1993). 
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