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Foreword

Back in July 2004, Ljubljana welcomed the first International Conference on
Hands-on Science organised in the frames of the Hands-on Science
Socrates/Comenius 3 network project partially financed by the European
Commission.

Being our first major conference we devoted it to the presentation and discussion
of the state of the art and perspectives for future development on science
education -"Teaching and Learning Science in the XXI Century”. Already there
the importance of ICT for science and technology education was stressed and a
good number of contributions in a varied number of subjects were presented
(and are since then freely available through the Hands-on Science Network
website www.hsci.info).

Seven year after, on invitation from Professor Sasa Divjak of the Faculty of
Computer and Information Science of the University of Ljubljana, we gladly
return to Slovenia’ welcoming capital for our 8™ annual conference focused this
year on multimedia and for the first time jointly organised with the 16
Workshop on Multimedia in Physics Teaching and Learning, MPTL'16.

The workshop on Multimedia in Physics Teaching and Learning is a reference
meeting in the field of physics education. We expect this to be the beginning of a
long lasting fruitful cooperation on the sake of the development of Physics and
Science Education.

We would also like to stress the support and commitment of the ColoS
(Conceptual Learning of Sciences) association, founding member of HSCI, in
making this joint conference a success.

This proceedings book apart from the works submitted to the HSCI part of the
joint conference also includes several full paper submitted to MPTL'16 tracks.
After undergoing a reviewing process all papers will be electronically published in
the MPTL'16 - HSCI'2011 Joint Conference’ proceedings to be made available by
September 2012.

The Hands-on Science Network is today a non-profit international organization
legally registered in Portugal. It enrols over 200 institutional members, and
many excellent and most welcomed individual contributions, from the most EU
countries but also from all over the world. 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, while promoting extend cooperation and mutual
understanding and respect among its members within our Societies.

As President of the International Association Hands-on Science Network I would
like to thank all contributors and participants to the Joint Conference MPTL-HSCI
2011 wishing you a wonderful stay in Ljubljana!

Braga, August 24, 2011.

Manuel Filipe Pereira da Cunha Martins Costa
HSCI'2011 Chair



8" International Conference on Hands-on Science
Focus on multimedia
© 2011 HSci. ISBN 978-989-95095-7-3




8" International Conference on Hands-on Science
Focus on multimedia
© 2011 HSci. ISBN 978-989-95095-7-3

FOREWORD

Manuel Filipe Pereira da Cunha Martins Costa

Science Education

THE HUNVEYOR-PROJECT - A NOVEL WAY OF TEACHING SCIENCE AND
PHYSICS
G. Hudoba and S. Bérczi

BRIDGING ART AND PHYSICS IN TEACHING PROCESS

D. Sebestyen

CHEMISTRY EDUCATION: CHILDREN AND CHEMISTRY

J. M. Fernandez-Novell, C. Zaragoza-Doménech and J. Fernandez Zaragoza

1" HANDS-ON SCIENCE SCIENCE FAIR

Z. Esteves and M. F. M. Costa

REMOTE LABORATORIES AND SCIENCE EDUCATION BY INTEGRATED e-
LEARNING

F. Schauer, M. Ozvoldova and F. Lustig

THE USE OF ICT IN PRESCHOOL EDUCATION FOR SCIENCE TEACHING
WITH THE VAN HIELE THEORY

N. Zaranis and M. Kalogiannakis

REMOTE EXPERIMENT IN CHEMISTRY FOR SCIENCE EDUCATION

7. Gerhatova, P. Cerﬁansky, L. Tkac¢ and F. Schauer

THE INFLUENCE OF GUIDED ACTIVE LEARNING IN CHEMISTRY (GALC) ON
13-YEAR-OLD STUDENTS’ UNDERSTANDING OF THE HYDROCARBONS

J. Kolbl and I. Devetak

IMPLICATIONS OF TEACHERS ATTITUDES ABOUT SCIENCE AND
TECHNOLOGY RELATION
X. Vildésola-Tibaud, J. Castello-Escandell and P. Garcia-Wehrle

HANDS-ON EXPERIMENTS FOR DEMONSTRATION OF LIQUID CRYSTALS
PROPERTIES

M. Pecar, J. Pavlin, K. Susman, S. Ziherl and M. éepié

PHYSICS OF THE CARDIOVASCULAR SYSTEM

I. Brouwer, F. ter Beek, R. Bakker and G. Kuik

MOVING BEYOND THE CLASSROOM WITH S.0.S PROJECT:

CHILDREN ARE EXPERIENCING NATURE FIRST HAND& DISCOVERING
THE SCIENTIFIC PROCESSES INVOLVED

N. Erentay

GREEK PRIMARY STUDENTS’ ATTITUDES TOWARDS THE USE OF ICT FOR
TEACHING NATURAL SCIENCES

N. Zaranis and M. Kalogiannakis

CHALENGES FOR SCIENCE EDUCATION

R. Chisleag

QUANTUM MECHANICS’ VS CLASSICAL PHYSICS’ MODELLING OF SOCIAL
GROUPS BEHAVIOURS

R. Chisleag and I. R. Chisleag Losada

DECLINING INTEREST OF STUDENTS IN CAREERS IN SCIENCE AND ROLE
OF SCIENCE COMMUNICATORS
P. Virmani

13

17

21

28

33

35

38

42

44

50

55

59

65



8" International Conference on Hands-on Science
Focus on multimedia
© 2011 HSci. ISBN 978-989-95095-7-3

SIMPLE IMPLEMENTATION OF PARALLEL ALGORITHMS IN JAVA

SIMULATIONS 65
F. Esquembre

FRESCOS ALKIMIYA

J. M. Pereira da Silva, S. I. Pereira-Carvalho and S. B. Vaz-Pereira 65
Science Teaching and Learning 67
KIDS UNIVERSITY AND THE FAIR OF NATURAL SCIENCE IN OLOMOUC

R. Holubova 69
THE CASIMIR EFFECT: A MULTIMEDIA INTERACTIVE TUTORIAL

A. Bonanno, M. Camarca and P. Sapia 72

OVERCLOCKING: A HANDS-ON EXPERIMENT IN INFORMATION
TECHNOLOGY TEACHING

P. Drevnytskyj and I. Berezovska 76
PHOTOGRAPHING MIRAGES ABOVE THE SEA SURFACE

J. Blanco-Garcia, B. V. Dorrio and F. A. Ribas-Pérez 78
HANDS-ON PHYSICS EXPERIMENTS FOR CLASSROOM

B. V. Dorrio, J. Blanco-Garcia and M. F. M. Costa 85

HANDS-ON EXPERIMENTAL ACTIVITIES IN INQUIRY- BASED SCIENCE
EDUCATION

E. Trnova and J. Trna 91
A TEACHING - LEARNING SEQUENCE ON ELECTRICITY FOR

PROSPECTIVE ELEMANTARY TEACHERS

G. Kountouriotis and P. Michas 96
HIGH-TECHNOLOGY MATERIALS FOR HANDS-ON ACTIVITIES IN

CLASSROOM

C. Pérez-Pérez, A. Collazo-Fernandez and B.V. Dorrio 101
PROJECT BASED COMPETITIVE LEARNING IN HIGH SCHOOL

B. Mannova 106
REMOTE EXPERIMENTATION AT PRIMARY SCHOOLS

M. Zovinové and M. Ozvoldova 110

THE CINEMA AS STRATEGY OF TEACHING FOR THE COMPRENSION OF
SCIENCE AND THE SCIENTIFIC CONTENT IN SECONDARY EDUCATION:
THEORIES OF DARWIN AND THE FILM "CREATION"

M. Donoso and X. Vilddsola-Tibaud 114
NEW MATERIALS: LIQUID CRYSTALS — WHAT TO LEARN ABOUT THEM?
M. Cepi¢ 117

PARADOXICAL QUANTUM EFFECTS AS MOTIVATING TOOLS FOR
INTRODUCTORY QUANTUM MECHANICAL COURSE

P. Nagy and P. Tasnad 121
AN INTERACTIVE COMPUTER-BASED MATERIAL FOR RANDOM-WALK
PHENOMENA

P. Nagy and P. Tasnad 121
EXPERIMENTING FROM A DISTANCE IN CASE OF (OPTICAL) FOURIER-
TRANSFORMATION

S. Grober and H. J. Jodl 122
NANOMATERIALS SCIENCE LEARNING RESOURCE FOR SECONDARY

SCHOOLS

K. Suomolaynen, N. lakovleva, A. Siromolotova and E. Egorina 122

II



8" International Conference on Hands-on Science
Focus on multimedia
© 2011 HSci. ISBN 978-989-95095-7-3

THE IMPACT OF LEARNING MARINE BIODIVERSITY “BY DOING”, IN 8STH
SCHOOL YEAR STUDENTS
S. Seixas, S. Gongalves, O. Diniz, A. Fonseca and C. Seabra

A REASEARCH BASED E-LEARNING PROCESS FOR TEACHER FORMATION
ON QUANTUM MECHANICS
M. Michelini, G. Fera, E. Pugliese, L. Santi, A. Stefanel and S. Vercellati

Science and Society

DESIGN AND CONSTRUCTION OF SOLAR OVENS: A PRACTICAL APPROACH
TO THE GREENHOUSE EFFECT AND CLIMATE CHANGE
J. Diz-Bugarin and M. Rodriguez-Paz

LEARNING THE IMPORTANCE OF THE SUN AS AN IMPORTANT ENERGY
SOURCE BY BUILDING “SOLAR CARS”

A. Pereira and M. F. M. Costa

MODULAR MULTIFUNCTIONAL SKYLIGHT

A. T. Ribeiro-Vaz, R. F. Soares Costa and J. M. Pereira da Silva

ROBOWIKI: RESOURCES FOR EDUCATIONAL ROBOTICS

C. Ribeiro, C. Coutinho and M. F. M. Costa

SCIENCE ON STAGE ACTIVITIES AS AN INSPIRATION FOR INQUIRY BASED
SCIENCE EDUCATION

M. Kires$ and Z. Jeskova

SUPERSTRINGS PERFORMANCE: "PARTICLES OR STRINGS? UNIVERSE
AND ITS HIDDEN ENERGY"

M. G. Lorenzi and M. Francaviglia

INDIVIDUAL AND SOCIO-CULTURAL INFLUENCES ON FEMALES’ CAREER
CHOICE FOR STEM

B. Ertl

Author Index

122

123

125

127

130

132

138

145

147

148

149

III



8" International Conference on Hands-on Science
Focus on multimedia
© 2011 HSci. ISBN 978-989-95095-7-3

v



8" International Conference on Hands-on Science
Focus on multimedia
© 2011 HSci. ISBN 978-989-95095-7-3

Science Education




8" International Conference on Hands-on Science
Focus on multimedia
© 2011 HSci. ISBN 978-989-95095-7-3




8" International Conference on Hands-on Science

Focus on multimedia
© 2011 HSci. ISBN 978-989-95095-7-3

THE HUNVEYOR-PROJECT - A NOVEL
WAY OF TEACHING SCIENCE AND
PHYSICS

G. Hudoba
Obuda University Alba Regia University Center,
Székesfehérvar
S. Bércezi
Edvos Lorand University, Budapest
hudoba.gvorgy@arek.uni-obuda.hu

Abstract. Building HUNVEYOR-4 brings a fresh air
into the education taking place at Obuda University, Alba
Regia Educational Centre located in Székesfehérvar. The
project is giving the students an opportunity to build
different sensors, instruments, develop sophisticated
measurements and methods, hardware and software
components and solutions in order to exercise their
engineering skills. During this process, they learn a lot of
science and physics.

1. Introduction — The HUNVEYOR Project

The HUNVEYOR project is a minimal space probe
construction program, which is running in several
educational institutions in Hungary. The name
“HUNVEYOR” stands for Hungarian UNiversity
SurVEYOR. The program was initiated by Bérczi at
the Roland E&tvos University, Budapest in 1997.
The Hunveyor-1 was built with camera and
telescopic arm instrumentation. Later a rover was
developed, with a test-field around. By the time
other Hunveyors were built with their own
electronic and experiment constructions. The second
one (Hunveyor-2) was built at the Pécs University,
the third one (Hunveyor-3) at the Berzsenyi College
in Szombathely.

2. HUNVEYOR-4 at the Obuda University,
Alba Regia University Centre

The Alba Regia Educational Centre of Obuda
University (once called Budapest Polytechnik
Kandé Kalman Faculty of Electrical Engineering,
Institute of Computer Engineering) joined to the
project with the Hunveyor-4 in 2001. Our
realization is based also on individual solutions. The
project is an educational experiment, and consists of
engineering and building the probe itself as well as
the public outreach.

2.1. Aims

No one can seriously think that our HUNVEYOR
space probe will fly in space. The primary teaching
aims of the HUNVEYOR project at our Institute
are:

* forming an attractive, meaningful and long
term framework for the research and
development carried out by our students

e offering subjects for diploma and other
project works

* obtaining skills in engineering, organization
and realization of products

* get acquainted with the latest technologies
* serve as reference in job hunting

These goals have not changed over the years, but the
HUNVEYOR-4 itself.

Our students will not become astronauts or
geologists, of course, but electric engineers. Yet the
project is part of the “Space Education Program”
through building different sensors, instruments and
software in order to exercise and improve their
engineering skills.

2.2. First Steps

The first step of the HUNVEYOR project at our
Institute was to gain interest among the students by
formulating and post the project. This was done by
constructing and displaying the metal frame of the
probe (Fig.1). After a while some students
participated to the project by mounting a computer
mainboard into the frame. Because we wanted
HUNVEYOR-4 to be open to the public, the
students created a web-site for the probe. After these
initial steps the next generation of students started
creating different instruments and software in order
to control and organize the measurements. In the
following years the HUNVEYOR-4 was
continuously extended and some parts and building
blocks are completely redesigned by different
students of course, fulfilling the aims of the project.

2.3. General system overview
The HUNVEYOR-4 consists of
* frame and other mechanical parts
* computers and on-board electronics
» scientific instruments, like sensors etc.
* software control modules and web server

Each of them gives much opportunity to the students
to meet physics and real world problems to be
solved.

2.3.1. The frame
Our frame — which is a little bit smaller than the
earlier Hunveyors - is a tetrahedral light-weight
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rigid skeletal structure, made of aluminum. The
whole frame consists of about 100 pieces.

Figure 1. The frame of the Hunveyor-4.

2.3.2. The computers and on-board electronics

The electronics of the probe are based upon a PC
motherboard mounted into the frame and some
special controller boards engineered by the students.

Figure 2. The first version of the electronics of
HUNVEYOR-4.

2.3.3. Scientific Instruments

The purpose of a space probe is to collect data and
information about its environment, both visually and
numerically. So the HUNVEYOR-4 has an USB
webcamera to look around and a weather station
engineered and built by the students, which can
measure the temperature, the wind speed (cup
anemometer) and direction (weathercock).

In addition to the above, the HUNVEYOR-4 is
equipped with a particle radiation detector and a
self-made spectrometer, estimating the composition
of the soil.

Figure 3. The camera, the cup anemometer and the
weathercock.

Figure 4. The LED spectrometer.

2.3.4. Software Control Modules and Web-server
The operating system of the HUNVEYOR -4 is a
Debian GNU/Linux 3.0 Woody system. Since we
planned minimal energy consumption, therefore
only the most necessary processes are run. The
camera connects by an USB port to the computer.
The data are stored in a Postgre SQL data base. The
direction and control of the camera movements are
solved by the motherboard’s parallel port. This
server also communicates with the web-server.

In the last few years we redesigned the
HUNVEYOR-4. With the new hardware solutions
the probe became mobile so able to work in a field,
and we can add significantly more sensors or other
devices than before. We separated the “Terrestrial
Control Unit” from the “Probe Control Unit”. The
“Terrestrial Control Unit” was moved to a separate
computer. The two units communicate with each
other using XML-RPC via secure version of the
HTTP protocol. The students completely rebuilt the
user interface and the data base as well.

4
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Figure 5. The HUNVEYOR-4 in construction.

2.4. Experiments

The students tested the space probe inside and
outside of the building more or less in normal
environment so far, because testing in extreme
conditions would be too expensive for our Institute.
In moderate temperatures the NTC showed up near
linear response. The direction sensing was tested
using a fan, moving around the meteorological
station. The trickiest part of the calibration was the
speed measurement. The device is sensitive enough
indicating about 0.5 km/hour wind that means the
wheel starts turning if you just grab and slowly walk
in the room. Testing for higher speed we fixed the
unit on to the roof of a car, and obtained data
driving from low to moderate speed. The camera
and its moving assembly working well as expected.
Despite of its simplicity, the LED spectrometer
produced nice results. We tested different materials,
each seem to white for the human eye, but the
spectrum reveals differences among them.

140,00
120,00
100,00

80,00
60,00
4000
20,00

000

< * S
Figure 6. Spectrum collection of different white materials
obtained with the LED spectrometer

R

We also conducted field trips for different planetary
analogous terrains across Hungary.

2.5. Public outrich

The HUNVEYOR project is more than mere
building a space probe. We publish booklets, render
animations, organize seminars to discuss and share
the results in the community, and we participate
national and international conferences. We give out
all the information, documents and our more than a
decade experience to anyone, who wants to join to
this inspiring teaching experiment.

Figure 7. HUNVEYOR-4 in an Martian analogous
terrain (left) and remote communication with the space
probe (right)

Figure 8. Two booklets about building and experiencing
with HUNVEYORs, and a poster lecture at NASA.

3. Conclusions

The HUNVEYOR project has been successfully
conducted for years. More and more popular, many
students found it interesting and suitable to exercise
engineering. The project is recognized by the NASA
as well, accepting numerous publications. As a
result, the project fulfilled its primary aims.
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BRIDGING ART AND PHYSICS IN
TEACHING PROCESS

D. Sebestyen
Obuda University, Budapest, Hungary
sebestyen.dora@kvk.uni-obuda.hu

Abstract. This paper intends to introduce a special way
of looking at paintings, poems and the sounds of music. It
will be shown how they can illustrate physical
phenomena or laws, helping the better understanding. On
the way to achieve our aim, we have to find the meeting
points of the so called "two cultures", especially of art
and physics.

The selected examples mean to provide illustrations to
teaching some special chapters of physics: mechanics
(the space and time, the theme of dynamics and
acoustics), optics (the law of reflection, the perspective,
the camera obscure), and quantum mechanics (the
duality and the complementarity).

1. Introduction

Physics and art (let it be painting, music or
literature) give different approaches of the world
around us but their descriptions complement each
other. At our university in the introductory physics
course for engineering students, and in an optional
history of physics course, one of the aims of the
teaching process must be to help our students with
gaining possession of an overview not only of
physics but that of the whole culture, too.

Elements of physical laws can be found in some
form or other, - directly, or indirectly - in numerous
paintings and poems. We can use them in our
courses to teach important physical concepts,
because of their motivating power. They can also be
helpful in the introduction of some phenomenon.
The direct or indirect connection between physics
and music or sounds of music is also suitable for
illustration or for modelling physical phenomena.

At our university the Cultural history of physics, as
an optional subject, has a special function in process
of cognition of the physical ideas. Here we have
more time and possibility to connect art and physics.

2. Physics and art in the only culture

It is interesting to discover the fact that Galileo,
Shakespeare, Veldzquez, Pascal, Tycho Brahe and
Monteverdi were contemporaries; usually we do not
discuss their lives and works in parallel ways.
(Figure 1) But these personalities, who were far
from one another in space and in the most cases in
activity, can get on well together side by side in the
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course of history of physics which is embedded in
the general history of culture.

Tycho Brahe = |

Monteverdi

1 T E
Galllecﬁ

Figure 1.

3. 3. Illustrations from art for some chapters
of physics

3.1. Motions

The discussion of mechanics starts with concepts
about the change of places of the bodies in time. So
the concept of space and time has important role
here and later in special relativity as well.

“What then is time? If no one asks me, I know what
it is. If I wish to explain it to him who asks, I do not
know.” (Saint Augustine)

In Italy in the 17" century Botticelli painted his
fresco depicting Saint Augustine, where behind the
mediaeval scientist, a clock of the age can be seen
on a shelf, beside scientific tools and books. The
clock shows the last hour before sunset on its dial
plate which is divided to 24 units.

The development of our concepts about space and
time can be followed also in the history of painting.
Let me illustrate it here by a single example.
William Dyce’ painting, The Pegwell bay — a
recollection of October 5th 1858 can represent the
sum of knowledge about space and time in the
middle of the 19th century. The unusual title refers
to the fact that a comet was at its brightest on the
mentioned day from the given place. The artist,
standing at the edge of the picture, is just looking at
its passage. The comet means the astronomical time,
the collected shells and rocks talk about the
“geological time”, similarly to the cliffs, which have
evolved over millions of years. The people who
collect them symbolize the “daily time”. So the
comet and the cliff illustrate the vastness of space
and time, and on the other scale the effect of
perspective means the possible space for the
observer and the length of the human life means a
relative short time. (Lippincott K 2002)

We can discover the process of the movement itself
in Giacomo Balla’s painting, Dynamism of a dog on
a leash.

The law of action and reaction (Newton’s 3™ law)
can be illustrated by Rodin’s sculpture, The kiss. It
can suggest to the physics teacher that this touch can
only be mutual, in other words, there is no action
without reaction.

3.2. Acoustics

In Raphael's fresco, School of Athens ancient
scientists (sometimes with exact references to their
activities) connect to the features of contemporary
painters and architects, showing a special possibility
of the synthesis of science and art. Let me
emphasize here only three Greek characters:
Aristotle, Plato (we can recognize Leonardo da
Vinci in the latter scientist) and Pythagoras.
Pythagoras explains the musical ratios, which is
illustrated by one of the figures on the tablet in front
of him. This suggests a clear connection between
the ratios of the lengths of the plucked strings and
the intervals producing harmonious sounds if these
ratios are the ratios of small numbers. The meaning
of the Greek words on the tablet is: tone, fourth,
fifth and octave. The numbers (VI, VIII, VIIII as IX
and XII) are the numbers in the ratios of the
harmonious intervals.

Leonardo da Vinci met Gaffurius, who emphasized
in his book of musical theory the importance of the
ratios of Pythagoras. So Leonardo divided the
background of The Last Supper according to the
musical ratios: the width of the second tapestry is
the half of the first one, then the next ones is the
third of it, and the following one is the fourth part of
the first one.

In London, in the exhibition in the Globe theater
you can see an interesting poster about the
connection between Shakespeare’s works, the
contemporary music and Robert  Fludd’s
encyclopedic work (The Technical, Physical and
Metaphysical History of the Macrocosm and
Microcosm) which contains the investigation of the
musical intervals (besides optics, perspective
depiction, mechanics, etc.).

The resolve of the musical sounds and making them
visible is suitable to the modelling of numerous
physical concepts. The following examples intend to
illustrate this.
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Figure 2.

The fact that the musical sound can be resolved for
harmonious components can be thought as an
illustration of the superposition (Newton’s 4th law).
In the case of a source of sound the resultant force
of more forces works and the result is a complex
vibration. Accordingly, we can specify the harmonic
vibrations which created a given periodic motion.
Following the analysis of the sound, the result can
be seen in three forms, as the Figure 2 shows.
(Mathelitsch L, Verovnik 1 2004)

The rate of the resolution has a limit because of the
Heisenberg uncertainty principle. Here the
uncertainty principle is expressed in terms of time
interval and frequency. We can see here an
illustration of another physical law.

3.3. Optics

The convex mirror in Quinten Metsys’ The
Moneylender and his Wife can be used to illustrate
the law of reflection. In the mirror we see a window
and probably the portrait of the painter himself,
according to the imagery of the mirror.

We also can meet the law of reflection in Dante’s
work, Divine Comedy:

As when from off the water, of a mirror,
The sunbeam leaps unto the opposite side,
Ascending upward in the selfsame measure
That it descend, and deviates as far
From falling of a stone in line direct,
(As demonstrate experiment and art,)
(Purgatorio XV. translated by H. W. Longfellow)

The various tricks of the perspective depiction being
in close connection with optics we can call
perspective swindling. In William Hogart’s picture,
Absurd Perspectives, numerous illogical details can
be found where the painter deliberately breaks the
laws of perspective.

During the previous centuries many physicists dealt
with the description and development of the camera
obscure, but it was also used by many painters to
create their paintings. So the Italian Canaletto

probably used a special camera obscure to create his
works, which was developed by Kepler.

3.4 Quantum mechanics

One of the important laws of quantum mechanics is
the principle of complementarity. We can use some
paintings to modelling the wave-particle duality of
light, or electron, and the complementarity, which is
in connection with this concept.

George Seurat’s paintings contain tiny dots of pure
colour (particles) or show continuous picture
(wave), where we can recognize figures and objects
or a landscape. Art historians believe that Seurat’s
technique of pointillism was based on his
understanding of the physical nature of light.
Connecting physics and art (painting, literature or
music) can also be used as example for the
complementarity by itself. It can be said that physics
— or in a wider sense, science — and art also form a
duality, as different, but complementary aspects of
the description of the world.

4. Conclusions

Instead of summary let me make a conclusion by
quoting a well-known saying, which can be motto of
physics or history of physics courses:
“A student is not a vessel to be filled but a lamp to
be lit”
(Variously quoted as a Hebrew saying, or as an
adaptation of a quotation by Plutarch.)
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Abstract. Discovering things by playing is common in
childhood and in this way our activities are focused on
“teaching and learning chemistry” outside of the
standard classroom, children have played games such as:
“crossword puzzle; chemistry history cards; chemistry
quiz and broadcasting chemistry” all the games are
pointed out in chemistry science. The final objective is
that children, our future society, have to incorporate
basic chemical knowledge that in the future allows them
to make their own decisions and to influence the
resolution of scientific problems in a more and more
technological society.

1. Introduction

In December 2008, the 63rd General Assembly of
the United Nations adopted the resolution
proclaiming 2011 as the International Year of
Chemistry, 1YC 2011 (www.chemistry2011.org),
placing The International Union of Pure and
Applied Chemistry, IUPAC (www.iupac.org), and
UNESCO, at the helm of the event. Under the theme
“Chemistry our life, our future” IYC 2011 offers
many activities for increasing the public
appreciation of chemistry, for encouraging interest
in chemistry between young people, and for
generating enthusiasm for the creative future of
chemistry.

Catalonia is one of the 17th Spanish Autonomous
Communities with their own independent education
system (www.mec.es/educa/sistema-educativo).
Catalan students, older than 13 years old, have
chemistry as a subject in their curricula but, younger
students do not have this subject
(www.xtec.es/estudis/eso/curriculum_eso;
phobos.xtec.cat/edubib/) For this, we have paid
attention in ‘“encouraging interest in chemistry
among young people” and we have proposed several
activities (chemistry games) which apply the
relaxation function of the play to stimulate children
(Zaragoza, C. and Fernandez-Novell, J. M. 2010).
Discovering things by playing is common in

childhood and in this way our activities are focused
on “teaching and learning chemistry” outside of the
standard classroom, children have played games
such as: “crossword puzzle; playing cards from the
History of chemistry and broadcasting chemistry”.
All the games are focused in chemistry science and
directed to 10-12 year old students, boys and girls in
their last two years in Spanish primary school
education. It is essential to promote chemistry
between young people if we want to improve their
understanding on this field of science. In the early
21" Century a new way of social organization has
initiated, mobile, web, wikis, facebooks, etc., which
are simple to manage by young students however,
introducing initial chemistry’s knowledge in the
same group of young students is not presented in
Spanish primary schools, it seems that chemistry is
not important in our society, wrong thought.

The purpose of this article is to present our
chemistry games, a new educational experience, to
make it more enjoyable and with the aim to relate
initial chemistry’s knowledge and playing games
between primary school students.

2. Methodology

To bridge the gap between primary school students
and the initial chemistry’s knowledge led us to
design several games that can be developed in the
classroom and out-of-school.

Students from some Catalan primary schools
prepared the games in the classroom in groups
(Dennick, R. G. and Exley, K. 1998) this increases
the participation and collaboration between young
students and they started to wunderstand that
“everybody learns from everybody” is possible.
Then, they played the games in groups too.

2.1. Create a crossword puzzle

Students spent around 10 days to prepare their own
crossword puzzle. Always were 10 chemical
definitions, understandable for all of them, five with
a vertical reading (down) and five more with an
horizontal reading (across). Each student decided
which words used, where he or she obtained the
information and, students created their own
crossword puzzle
(www.crosswordpuzzlegames.com/ ) on chemistry.
Here is a summarize crossword puzzle using the
most repeated definitions prepared by the students
and the solution.
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ACROSS DOWN

1. Science that study
matter's properties.

2. Particle with negative
charge into the atom.

4. Particle with positive
charge into the atom.

3. Element present in the
organic compounds.

7. Surname from the first
woman who won the
Chemistry Nobel Prize.

5. Element present in the
atmosphere, now we are
breathing it.

9. Particle without charge

into the atom. 6. Salt, sodium chloride.

10. The smallest part of

one clement 8. H,O compound.

2.2. Playing cards from the History of Chemistry.
Instructions to play (for teachers):

1. Show the card with 15 chemists and one
participant-student have to choose one of them
mentality without to say anyone.

2. Show one of the card with 8 chemist and ask the
participant if his o her chemist is in that card.

3. Repeat the situations with the rest of the three
cards.

4. At this moment you must read participant’s
mind and say the chemist name.

5. Students never understand the situation, teacher
is a magician!. They always asked for to repeat the
play to finding the trick.

Here we presented several cards’ examples, all the
figures-portraits were done by Josep Fernandez
Zaragoza, (Jepi, who has pictures’ Copyright):

Some student’s groups can prepare questions about
BLUE chemists, other student’s groups can also
prepare questions about RED chemists (of course,
we have another group of cards in red with different
chemists).

Furthermore, they can play; can fight “blues”
against “reds”. Blue group decide one chemist from
their cards (blue-chemist) and red group must find
it. For this, red’s group show each blue cards and
ask blues ones if the blue-chemist is in the card. In
addition, for each card showed blues-group ask and
answer a question related with the blue-chemist. At
the end the red group must find the blue-chemist.
And, come back, red group decide one chemist from
their cards (red-chemist), the processes continue in
the same way.

You can see examples of chemists and the questions
prepared by the students.

Democritus realized that everything must be made
of small pieces, very small pieces. He called the
smallest an “atom”. Students prepared questions
about the four elements, the earth, the water, the fire
and the air.

The list of BLUE CHEMISTS

Boyle-Dalton-Mendeleev-Lavosier-Faraday

S. Albert Magnus-Avogadro
Empedocles-Jabir-Jacob Berzelius
M. A. Pierrete-Marti Franqués-Waoehler
Le Chatelier-J. H. Van't Hoff

10
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Dmitri I. Mendeleev arranged the 63 known
elements into the first periodic table. Students
thought that Mendeleev was very important for
chemistry because he knew there were missing
elements needed to finish his chemical puzzle, and
he predicted their weights and chemical properties.
Questions about the elements and compounds were
prepared by young students.

2.3. Broadcasting chemistry

Authors have developed several programs about
science in an effort to present them with a new
perspective to the students and society (Fernandez-
Novell, J. M. and Zaragoza, C. 2001 and Fernandez-
Novell, J. M. and Zaragoza, C. 2010). We
developed a chemistry radio program focused on
IYC 2011 and directed to young people. Authors
presented a radio program on the 7th International
Conference on HSCI, Bridging the Science and
Society gap, in Crete, Greece, for this here it is only
presented (Sara) student’s valuation. Authors have
maintained Sara’s explanation.

“Playing with Chemistry” is the name of the radio
program in which I participated this 2011, the
International Year of Chemistry. It is a program that
everyone can listen and which anyone can learn a
little more about chemistry.

Our teacher encouraged pupils to participate in the
radio program and two classmates (M? Rosa and
Patricia) and I (Sara) had accepted the plan. We had
never been before on a radio program and that was
the reason we were some nervous, but all was ready
and when we arrived to the studio everything went
well.

The program was about chemistry. The radio
program was structured in two parts: the history and
the quiz. We prepared every part of the program at
school and studied previously whatever to do on the
radio.

Firstly we were introduced by the presenter as
guests, and then we started with the chemists’
biographies. We spoke about the origins of live,
origins of fire and chemistry on the Earth, where we
used the different theories of Oparin, Urey and
Miller, following with Lavoisier, named the father
of chemistry.

Making a chemistry history revision, which could be
the first chemical reaction with our ancestors found?
It wasn’t the eternal youth elixir, neither the
philosopher’s stone, like alchemists used to say.
Fate was a quite simply chemical reaction; it was
caused by the fire. Since another chemical, science
or humanity point of view, we found another
questions without answer like: Who we are? Where

we go? Where we came? How can explain the
origins of the live?

Then, we read our school presentation: the first
scientist theory that try to explain the origins of the
live, was explained by Oparin at 1924, a Russian
biochemist who imagined that in a chemistry
evolution process just as some simple molecule
evolved, by means of chemical reactions which give
as a result live organisms. That idea was adopted
and improved by Miller and Urey, both obtained the
Nobel Prize. Lavoisier (1743-1794) was considered
the father of the modern chemistry, he studied the
oxidation of the compounds, the animal breathing
phenomenon and the air analysis, and also by the
use of the balance he measured relations between
the substances which participated in the chemical
reactions “his famous law of conservation of the
matter: the amount of reactants’ mass in a specific
chemical reaction must be equal at the quantity of
products’ mass”.

Afterwards was the most entertaining part of the
program, the “Quiz”. Where we did a mental fight to
discover who one of the three guests had the top
correctly answers. The quiz was formed by four
questions with three answers, but only one was
correct. My four questions were:

1. To improve the environment we need to use the
three R. R of reduce R of reuse and R of?

A) Recycle  B) Revive C) Relaunch.

2. The rocks are formed by minerals; with some
minerals we quarry chemical elements. What
element we could get from the Pyrite?

A) Mercury  B) Iron C) Copper
I remembered my father’s mineral collection and
“Pyrite is the sulphur of iron”.

3. What technology could produce acid rain?

A) Radioactivity

B) Thermal power station

C) Wind power station
I remembered a TV program “Coal combustion
produces sulphur oxidize. Then it could become in
sulphuric acid that with the water vapour cause acid
rain”.
4. What is the common salt’s formula?
A) NaCl B) H,O C) HCl1
Very easy, salt is the sodium chloride.

I had the top score and my classmates obtained the
top score too, in other words we had to make a
mental war again to know who is the cleverest on
chemistry! Chemistry is very interesting, and
prepare this radio program was a great experience.

11
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These comments reflect the aim of “playing
chemistry”

Next picture shows a moment when presenters were
interviewing a primary school teacher about
chemistry presence in primary curricula.
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3. Conclusions

Primary school students have played, have related
chemistry with life, and have increases their interest
in general sciences. The opinions of the students and
their teachers were assessed. Both considered that
these games were a great experience.

Students pointed out some parts of their new
knowledge about chemistry as the most impressive:

- Elements are made of small particles called
atoms (neutron, electron and proton).

- All atoms from an element are identical (a
specific iron’s atom is identical to other iron’s
atom).

- The atoms from an element are different
from the atoms of any other element (iron’s
atom is different to gold’s atom).

- Atoms of one element can combine with
atoms of other elements to form compounds
(two hydrogen’s atoms combine with one
oxygen’s atom to form a water’s molecule).

We feel that these games could give chemistry a
new and balanced perspectives, and making it more
interesting for our young students. Games leads the
students to pay attention to the “facts” they already
have been noticing such as, atoms, electricity, acid
concept, heat concept, etc.

The final objective is that children, our future
society, incorporate basic chemical knowledge that
in the future allow them to make their own decisions
and to influence the resolution of scientific
problems in a more and more technological society.
This educational approach has contributed to

reinforcing the presence, the interest and the study
of chemistry in and out of the classroom and could
be used by primary and secondary science teachers
in their chemistry classes.
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Abstract. [In-school learning of science through
investigative hands-on experiments is in the core of the
Hands-on Science Network vision. However informal and
non-formal contexts may also provide valuable paths for
implementing this strategy aiming a better effective
science education.

In May 2011, a first country wide “Hands-on Science’
Science Fair” was organized in Portugal with the
participation of 131 students that presented 38 projects in
all fields of Science. In this communication we will
present the main goals behind this initiative. The strategy
employed problems and difficulties faced, as well as the
solutions found will be reported. The evaluation of all the
process is of utmost importance and will be discussed
here including with the presentation of the statistical
analysis of the students and teachers replies to
participation surveys.

The science fair was considered a success by both
teachers and students. A study was performed to
understand the motivation behind students and teachers
participation. Teachers were extremely pleased with their
Students’  enthusiasm during the development and
presentation of the projects and also pointed out the
benefits to the student’s school performance at the
discipline directly related but also in general.

The students also demonstrated their satisfaction because
they learned new concepts and acquired skills that helped
them on the academic level. Almost all of them are
looking forward to participate in future science fairs.

1. Introduction

Science fairs are cultural and pedagogical activities,
hands-on based, where students have the
opportunity to display and discuss scientific projects
they developed actively (Grote, 1995) within or
outside of their school context, in different themes
(Bencze and Bowen, 2009; Ministério da Educacio,
2006), and that allows the involvement of all the
community (Ministério da Educagio, 2006).

These activities allow scientific research in any
science subject (Ministério da Educagdo, 2006) to
be developed and interdisciplinary should be most
welcomed (Bencze and Bowen, 2009). It facilitates
the establishment of relations between science and
daily life phenomena (Scheneider and Lumpe,
1996), helping students to understand the nature of
the problem to be solved, gaining problem solving
capabilities (Bencze and Bowen, 2009), make
decisions, create hypothesis, and develop their
creativity and imagination (Bencze and Bowen,

2009; Esteves, Cabral, and Costa, 2008; Ministério
da Educacdo, 2006; Montes, 2006). They also
develop others skills such as resilience and self
confidence as well and social interaction (Sumrall,
2004) or communication ones (Montes, 2006).

To understand if and how this activity, highly
regarded in many countries, could be successfully
applied to the Portuguese students, the 1% Science
Fair Hands-on Science was organized. Students
from 5™ to 12" grades (10 to 18 years old) were
welcomed to participate.

2. The organization of the Science Fair

During the 2010/2011 school year, a national
science fair was organized by the Hands-on Science
Network', with the support of the University of
Minho?, and the Portuguese Association for Science
and Technology Education *. The Science Fair toke
place May 13, 2011, at the campus of the University
of Minho in Braga, Portugal.

To publicize the initiative a website* was created,
and the information was send to the official e-mail
of all Portuguese schools and published at the
website of the University of Minho.

On the fair’ official website* important information
was posted, such as the deadlines rules and support
material. The participation at the science fair was
open to all students from 5™ to 12" grades (students
with ages around 10 to 18 years old) from both
regular and professional/vocational schools. The
participants were divided into 3 categories: students
grakfies 5™ to 6", grades 7" to 9™ and grades 10™ to
12%,

Contribution were welcomed on all subjects of
science. Students presented projects related to
physics,  chemistry,  mathematics,  robotics,
environment, geology and biology. Interdisciplinary
was encouraged.

Each group could have a maximum of 4 elements
belonging to the same age category and at least one
teacher as tutor.

The science fair organization was timed in 3 phases.
The first phase, that lasted around 2 months, (until
mid of January) students had to fill up a form with
information about their project, such as the title, the
main goal, a short description and a list of material
needed. The organizing committee analyzed the
projects and verified if they were appropriate for
presentation at the science fair and if all the

1 ..
www.hsci.info

2 www.uminho.pt

3 www.aect.pt
* https://sites.google.com/site/feiradeciencias2011/home
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necessary conditions could be provided for each
project.

The second phase runs until March 7, 2011. Until
this date, students had to confirm their project
registration or present any changes to the final
project data.

Finally on science fair day May 13, of 2011, the
students presented their works that were evaluated
by the fair jury.

3. The Science Fair Day

A total of 5 projects of 18 students, from the same
school, were not presented at the science fair by
economical reasons. That school communicate 2
days earlier that by economical reasons it was not
possible to attend at the science fair day. Also, from
the initial 46 subscribed projects, only 3 groups
gave up as a student’s option, as is possible to see
on table 1.

Subscribers Present at the
science fair day
Groups of
students 46 38
Number of
students 160 131

Table 1. Number of subscribers during all process

At the science fair day the participants arrived at
10h30 to assemble and prepare the presentation of
their projects. After a common lunch was all
participants could informally interact, the fair was
officially opened at 14h00 and lasted until 17h00.
During that time, students had the opportunity to
present their projects to others participants, visitors
and to the jury.

The jury was confirmed by eight university and
school teachers in physics, chemistry, biology,
math’s and arts, and was divided into four pairs of
judges. Each pair visited and evaluated a number of
projects. Each jury’ pair was constituted by two
teachers, one from the university and the other from
an elementary or secondary school. After evaluating
all projects, each jury pair reported to the ensemble
of jury member. A number of projects were selected
from each jury pair’ favorites and were therefore
visited by all the jury together with the purpose of
selecting the best ones at the different categories. In
each category, 1%, 2™ 3™ prizes and one or two
honor mentions were selected, as is possible to see
on Table 2. At the end the awards diplomas and
prizes were handed to the winning teams by the
President of the School of Sciences of the
University of Minho and the President of the Hands-
on Science Network, at the closing ceremony. All

students received participation prizes, such as HSCI
t-shirts and caps.

Projects
Place — Pressure
2" Place — Gas-powered boat
3" Place — Handmade water
treatment station
Honor Mention — Explosion of
colors
1** Place — “Espeolharium”
2" Place — Low cost
interactive whiteboard
3" Place — Matinter@ctiva

Category

lSt

1% Category — 5" and 6™
grades (ages between 10
to 12 years old)

2" Category — 7" to 9™
grades (ages between 12
to 15 years old)

1* Place — Greenhouse
2" Place — A matter of balance

3 Category — 10" to 3" Place — Electricity, did you

0
12™ grades (ages as for? .
Honor Mention — Thermal
between 15 to 18 years aste
old) p

Honor Mention — Seebeck
effect of the atom to the
Universe

Table 2. Winning projects

4. Results

To measure the opinion of teachers and students
during their involvement on this activity, an inquiry
was prepared and distributed.

Only 19 teacher’s replies were gathered. Therefore
it is difficult to draw significant conclusions.
However, the opinion of all the teachers about the
initiative was very favorable giving a good
evaluation to the science fair event.

Other
option; 1

Subjects;
/ 11

Science
Clubs; 3

"Area de
projecto"; 4

Spare Time;
6

Figure 1. Places where teachers work with their students

As it is possible to see on Figure 1 teachers mostly
worked with their students during class time. The 11
teachers that mentioned having worked during
classes pointed out to the involvement of classes of
physics and chemistry. The other subject used was
math (5 teachers).6 of teachers helped the students
during their spare time. The others 4 worked at Area
de Projecto, which is a curricular non-disciplinary
subject, whose main objective is the development of
projects.
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All teachers agreed that they will repeat the
experience if they have the opportunity. Only 5 of
them would like to repeat the experience but with
the collaboration of other teachers. The remaining
prefers to work in the same conditions. That’s easily
understandable since these teachers already worked
in an interdisciplinary way, as is possible to see on
figure 2.

School
Other board; 2 Other .
options; 2 Tea(;gers,

Families of
students;
10

Figure 2. Other collaborators on science fair projects

Only two of the tutor/responsible teachers worked
alone with their students, the rest asked for the
collaboration of other teachers. Due to the fact that
the tutors were mostly physics and chemistry
teachers they essentially looked for the collaboration
of biology, informatics and arts teachers. On the
other hand, it is possible to see that the student’s
families also had an important role on this activity.
Also an engineer and a school employee were
referred as collaborators.

From the 19 teachers that “coordinated” the projects
with their students, 6 stated that worked less than 10
hours with their students, 4 worked between 10 to
20 hours and 9 works more than 20 hours. However,
it is important to stress out that students work with
other teachers, familiars and on their spare time
without the coordinator teacher.

The question whether they think it is possible to
develop this kind of projects during the classes, 14
of them said yes. The other 5 said that it is not
possible due to curricula related time constraints.
This is mainly a typical high school teacher’s
answer, since they strongly feel the pressure of
“preparing” the students for the final exams.

Despite this fact, they classified their work with
their students as a very positive experience and all
of them agreed that their students worked with
enthusiasm, effort, autonomy, accuracy and
imagination. They agreed that the students benefited
with their involvement on the subject of their
project. However, they recognized that the benefits
were mostly on the acquisition of skills, attitudes
and knowledge.

Another inquiry was distributed to the 131 students
that participate at the science fair. The first thing
that we tried to understand was the reasons that
made them participate, as is possible to see on figure
3.

Previous Visite
6,6%

Others

Previous

Like Science

Evaluation 58,4%

20,5%

Figure 3. Reasons presented by the students to
participate at the science fair

The most important reason pointed out is the fact
that students like science. However, 20,5% of them
pointed out that they participated because they were
evaluated. Despite that, from this group, 9,9% said
that they also participated because they like science.

Other option
2,3%

Home

School spare
26,4%

time
36,1%

Subjects
35,2%

Figure 4. Places where students developed the science
fair projects

Didn't specify

Math i
athematics 2.7%

12,0% Physics and
Chemistry

42,7%

Biology
14,7%

"Area de
Projecto”
28,0%

Figure 5. Subjects involved on the development of the
science fair projects

From Figure 4 we realize that the places where the
students developed the projects were diversified
since they had the opportunity to work at classes but
also at school on their spare time, in clubs or even at
home, with the support from their families and
friends. The classes where students worked on their
projects are presented at Figure 5. It is important to
remember that some of the students gave more than
one answer. However, the most popular answer was
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physics and chemistry, followed by “Area de
Projecto” as already stated by their teachers.

The students reinforced the teacher’s opinion that
the science fair was a nice activity to repeat. 95,4%
of them wanted to participate in a second edition if
they have the chance. The rest 4,6% justified the
fact of do not wanting to participate in other edition
with the pressure they felt imposed by their teacher
to participate and present a good work. Students
stated that they learn many things with this
experience. They learned concepts and acquire skills
that feel can be useful in their lives as students.
Finally we asked the students to evaluate the event
and the organization. The evaluation was favorable.
The improvements that students pointed out were
related to the space that should be larger and also on
the projects evaluation. For example, students said
that the same jury should visit all the projects.
However, it is difficult to manage the available time.

5. Conclusions

Despite the science fair concept being still unusual
in Portugal, the first edition of this science fair was
very successful accounting with the expressed
satisfaction of the participants, students, teachers
and visitors.

Mostly due to practical constraint at their schools
the number of groups that registered was higher than
the number of effectively presented projects at the
science fair day (;Error! No se encuentra el origen
de la referencia.).

The number of schools wasn’t high, mostly from
Minho region but yet spread across the country. It
was clearly proved that this is an initiative that
students and teachers like, feels as important and
want to repeat. We expected that next year this
event could become more popular and attract more
schools.

All of the projects seems to had been developed in
an interdisciplinary way, with the collaboration of
teachers from different areas, such as informatics,
arts, mathematics, biology, but mainly physics and
chemistry. It is important to stress out the effort of
this students, that spend most of they spare time at
school, or at home, working on these projects also
with the help of their family and friends. Time
constraints curricula and specially exams’ derived
were among the most negative aspects conditioning
students and classroom involvement in this kind of
Science Fair projects.

6. Future Work

The 2™ Hands-on Science Science Fair will
organize during the school year of 2011-2012
aiming also to select students teams to participate in
international fairs like to one that will take place in
Antalya, Turkey in October 2012 inscribed in the 9™
annual Hands-on Science conference, HSCI 2012.
The fair will be advertised nationwide among
schools teachers and students right at the beginning
of the school year early September. The suggestions
from the 1* edition fair’ teachers and students will
be taken in account in the fore coming organization
and their opinion will be collected once more to
further improve the statistical wvalidity of the
pedagogically relevant conclusions.
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Abstract. The present state-of-art of remote
laboratories enables to build experiments on the
principle of server — client communication across the
Internet suitable for education of science. This fact in
turn calls for their incorporation in the educational
system of e-learning using Learning Management System
(LMS). In the contribution we present the e-laboratories
with — experiments suitable for science education
(Characterization of electrochemical cell, Organic and
inorganic photovoltaic cells, Photoelectric effect and
Magnetic field mapping) as the starting building block of
Integrated e-Learning (INTe-L) strategy, delivered by
LMS system MOODLE.

1. Introduction

1.1.Main idea
experiments
The traditional science curricula for engineers e.g.
Physics, Chemistry or Materials Science are based
on two forms of education: lectures, where the basic
laws and abstract models are presented and
laboratories, where the “real world” phenomena are
examined. This format, suffering sometimes from
lack of interconnectivity, is mostly copied by the e-
Learning concept. The vast majority of e-Learning
teaching tools present theoretical concepts of the
respective science branch in form of mathematically
formulated laws, models, simulations, applets or
animations, exercises, graphs and presentations.
Practically no e-textbook presents virtual or remote
experiments (RE). With progress in information
technologies the chance to grasp real objects by
application of RE has emerged. The RE support the
learning of theory by illustrating-demonstrating
phenomena, applying theory to real situations,
giving the limitations of theory and by interacting
with phenomena in authentic situations. On top of
this, the RE develops a body of skills involving
critical observation, interpretation and assessment,
planning and organization and practical problem
solving, and, additionally, the skills in Information
and Communication Technology (ICT).

and motivation of remote

1.2. Remote experiments in science

Science experiments play an indispensable role in
the curriculum of Natural sciences education at all
levels of education — from primary, secondary to
university level. The absence of experiments and
experimental work of pupils and students in all
forms of science education brings about the loss of
motivation and of deep understanding of real world
phenomena. One of the ways where the Internet may
help is web-based remote laboratories. An examples
from Material science is the MALDI — MS remote
e