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Foreword 
 

Educating for Science and through Science 
 
Back in 2003 the Hands-on Science Network was established as a 
Socrates/Comenius 3 project supported by the European Commission. Our aim was 
to contribute to the generalization innovation and improvement of Science & 
Technology Education at basic vocational training and secondary schools by hands-
on experimental investigative practice in the classroom ... bringing hands-on active 
learning of Science into the classroom and into the soul and spirit of the School ... 

With a broad open understanding of the meaning and importance of Science to the 
development of our societies, each individual and of the humankind, soon we 
extended our intervention embracing all levels of formal informal and non-formal 
education from the kindergarten to adult and lifelong learning and actively enrolling 
teachers educators researchers and all interested and in some way involved with 
Science Education in the widest range of fields of science, and also transversally in 
engineering and technology, from all over the world.  

Open to all pedagogic approaches that may contribute to the effective 
implementation of a sound widespread scientific literacy and effective Science 
Education in our schools and society at large, we advise the employment of open 
and flexible strategies to lead our students and fellow citizens to learn about Science 
in a committed active and investigative hands-on experiments based way, employing 
the experimental method behind the search for scientific knowledge,… feeling the 
thrill of discovering and understanding our world.  

In an informal friendly and open minded atmosphere, the participants in our annual 
conferences find a suitable ground to share their experiences concerns and doubts 
getting concrete solutions to practical teaching problems and a sound positive peer 
mutual support.  

 
As Chair of the conference and president of the International Association Hands-on 
Science Network it is my great pleasure and honour to welcome you all to the 10th 
edition of our annual conference!  

I would like to thank Assoc. Prof. Marián Kireš and his team of the Pavol Jozef 
Šafárik University in Košice, for this excellent organization, and to all authors and 
participants to the 10th International Conference on Hands-on Science - Educating for 
Science and through Science giving all a warm welcome to Košice, wishing you a 
wonderful stay at the European Capital of Culture’ 2013! 
 
Vila Verde, June 16, 2013. 
 

Manuel Filipe Pereira da Cunha Martins Costa 
HSCI’2013 Chair
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THE USE OF ICT IN THE 
FRAMEWORK OF INQUIRY 

BASED SCIENCE EDUCATION 
(IBSE) 

Ton Ellermeijer 
Foundation CMA, the Netherlands 

Ton@cma-science.nl 

Abstract. The European Community wants 
science education to change in direction of IBSE 
(Rocard Report). Today several large projects 
involving many countries are addressing this 
challenge. The main focus is on preparing and 
supporting teachers by providing them with 
innovative curriculum materials and teacher 
training activities (as well pre-service as in-
service). 
For a long time we know ICT might stimulate 
and enable science education in a direction that 
brings (high school) students in a similar 
position as researchers in science. The powerful 
tools available in the learning environment 
Coach (from measurement with sensors, 
advanced video-analysis to numerical modeling) 
facilitate realistic and authentic research 
projects by students. 
Still many teachers around the world have not 
been able to apply these possibilities, also due to 
lack of training. In the framework of the 
ESTABLISH project (EC-funded) we now 
develop training and support for teachers as 
much as possible suitable for on-line use.  
In this contribution the above mentioned aspects 
of science education will be addressed. 

Keywords. IBSE, ICT, Science education, 
Teacher training. 

The Coach learning environment 

For a long time we know ICT might stimulate 
and enable science education in a direction that 
brings (high school) students in a similar position 
as researchers in science. Within the Establish 
project the learning environment Coach is used. 
Coach combines powerful tools for measurement 
with sensors, advanced video-analysis up to 
numerical modelling and facilitates realistic and 
authentic research projects by students (Heck et 
al, 2009). 
Coach activities are mostly based on the selected 
tool for collecting, generating, or processing and 

analysing data. Teachers can use ready-made 
activities or author new activities as parts of 
projects to structure the lesson materials 
(experiments). Activities may contain:  

- texts with activity explanations or 
instructions;  

- pictures illustrating experiments, 
equipment, and/or context situations;  

- video clips or digital images to illustrate 
phenomena or to use for measurement;  

- measured data presented as graphs, 
tables, meters, or digital values;  

- models (textual, equations based, or 
graphical) to describe and simulate 
phenomena; 

- programs to control devices and to make 
mathematical computations links to 
Internet sites and other external resources 
for students. 

A basic description of several types of activities 
and concrete examples are given below. 
In a measurement activity (time-based or event-
based measurement, with or without triggering) 
students gain insight into data acquisition with 
sensors and how to set up measurement 
experiments. This understanding helps students 
interpret graphical representations of the data, 
especially because dynamic links between data 
and different representations such as graphs, 
tables, and meters are maintained during and 
after the measurement. Experiments are easily 
set-up (drag-and-drop sensor icons and automatic 
sensor recognition) with a variety of interfaces 
supported and a large library of calibrated 
sensors (e.g., for temperature, light, sound level, 
pH, etc.) and actuators (e.g., lamp, motor, fan, 
heating element, etc.) available.  
Figure 1 shows a screen shot of the measurement 
and signal analysis of the voice sound ‘eeh’ 
recorded with the €Sense interface, which is 
mostly used at primary school or by beginners. 
The diagrams show that the sound signal is well 
described by a sinusoidal signal that consists of 
four frequencies. A visual representation of the 
€Sense interface with the built-in microphone is 
also present in the activity screen to make the 
experimental set-up clear to students. A text 
window is used for explanation and description 
of tasks. 
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Figure 4. Screen shot of a photogrammetry 
activity with image rectification & regression 

Data video and image measurement have 
potential for studying real world, everyday 
scenes of motion and for linking mathematics 
and science with the real world. An example of a 
measurement on a digital image that is otherwise 
difficult to realize is shown in Figure 4, in which 
the shape of the Golden Gate Bridge is 
investigated. The digital image to the left is the 
original picture but it is perspectively distorted. 
Therefore data collection is done in a modified 
image in which a fronto-parallel view of the 
bridge has been realized. Technology can be 
used to raise questions: in the diagram to the 
right several regression curves that successfully 
match the recorded position data of suspension 
cable are shown, but which one is the best and on 
the basis of what criteria? In popular wording: 
tool use can turn brains on. 
Instead of regression, one can also use numerical 
models to investigative the shape of the above 
bridge. A modeling activity offers the 
environment to create and run numerical models 
and to compare theory (the model) with 
measurement (experimental data). To this end, 
three types of model editors are available: text-
based, equations-based, and graphical. Figure 5 
shows a graphical model of the main span of 
Golden Gate Bridge that is based on the 
approximation of the suspension cable by kmax 
straight line segments with horizontally 
equidistant joint. The graphical elements 
represent a computer model, which provides in 
many cases a numerical solution of a system of 
differential equations.  

 

Figure 5. A graphical model of the shape of 
the Golden Gate Bridge 

Coach is in fact a hybrid system that combines a 
traditional system dynamics approach with 
event-based modeling. This extends the set of 
realistic problems that can be solved by students 
without the need of sophisticated mathematics 
beyond their school level. Examples are models 
of yoyos (Heck & Uylings, 2005), bouncing balls 
(Heck et al, 2010), alcohol metabolism (Heck, 
2007), and sprinting (Heck & Ellermeijer, 2009). 

 

Figure 6. A graphical model of the harmonic 
motion of oscillating ball & an animation of the 

motion 

The left window of Figure 6 shows a graphical 
model of a ball hanging on a vertical spring 
attached to the ceiling and that can also bounce 
against the ceiling; a special event-icon (with the 
thunderbolt symbol) is used to specify what 
should happen when the ball bounces. The 
window in the middle is an animation window 
that displays the simulation results as animations 
where model variables are presented as animated 
graphics objects. A student can interact with the 
animation through a slider bar, that is, select the 
value of the spring coefficient before the start of 
the simulation or change it while the simulation 
runs. Animation allows students to first 
concentrate on understanding a phenomenon 
with the help of simulations before going into the 
details of how the simulations have been 
implemented by means of computer models. 

Establish Teacher Education Program 

The overall model of the ESTABLISH teacher 
education programme has been designed to 
accommodate cultural variations among 
beneficiary countries and to be adaptable to 
facilitate both the timing of science teacher 
education workshops and to also cater for the 
varied experiences of the teacher participants. It 
is specifically built around the IBSE learning 
units that have been developed within the 
ESTABLISH project and consists of a common 
core supported by additional materials and 
resources to address aspects of implementation 
of IBSE within real classrooms. 
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Figure 7. Framework for ESTABLISH 
Teacher Education 

The model (Figure 7) involves a core number of 
elements (four elements) which form the 
backbone of all ESTABLISH teacher education 
programs. The core is then supported by a 
number of other elements (V to XII) that can be 
implemented as required to suit local teachers, 
environment, curriculum etc.  
One of the elements, number VI, is the ICT for 
IBSE course. For this element a variety of 
support materials has been developed. These 
materials are organized in a Moodle environment 
and meant for blended settings, enabling an 
efficient course with limited life meetings. 
Course materials are applied by several partners 
of Establish in different settings (up to now in 
Slovak Republic, Italy and The Netherlands). 

 
 Activities at the course venue (in contact 

time) 
 Activities at schools (out of contact time)  

Figure 8. Participants' learning scenario 

In the ICT-IBSE course, participants firstly get 
an overview of the ICT tools for IBSE (going 
broad on surface). Then they will personally 
choose which particular tool they want to learn 
and apply in classroom as a part of IBSE (going 
narrow & deep to the core). Participants are 
expected to fulfill this learning scenario (Fig. 8) 

in which the time for in-between tasks is 
broadened for participants to be able to work 
with their own competence, experience, and 
interest flexibly. 
Details on the course set-up, the developed 
materials and the effects on the participants’ 
learning can be found in the paper of Kedzierska 
et al (2013) in the same Proceedings. 

Conclusions  

Looking back at twenty-five years of research on 
the use of ICT in education, curriculum 
development, and software, and hardware 
development it is fair to say that a lot has been 
achieved in the Netherlands. Hardware and 
software development, including the 
development of the working environment Coach, 
has been able up to now to meet more or less the 
requirements of trends in mathematics, science, 
and technology education such as the change 
towards context-rich education, emphasis on 
scientific approaches, better preparation for 
higher education through a stronger focus on 
competencies, and emphasis on individual 
learning and provision of students’ autonomy 
over the process of knowledge and skills acqui-
sition. This work will undoubtedly continue, due 
to the very nature of technology and education, 
and new demands from society. A sustained 
approach and concerted action of innovation, 
investment in infrastructure, teacher 
professionalization, and change of curriculum 
and examination lead to the best results. 
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Abstract. The new toy and didactic device 
Driven Spinning Top is introduced by showing 
how it is built:just using two permanent 
magnets.It is magic, interactive,educative, 
scientific, improves patience, perseverence, 
hand-eye coordination, practical/technical skills 
and is equally liked by girls and boys; it is suited 
for students of all ages. All explanations are 
given based on the law of conservation of 
angular momentum and Bernoulli law. Some 

future projects are suggested. 

Keywords. Angular momentum, Driven 
Spinning Top, Engineering, Physics. 

1. Introduction 

The Spinning Top is one of the best known and 
most beloved toys along the history. More than 
2000 years mankind used this toy. It is known 
under 109 different words in 109 languages 
[1,2]. It is known a famous picture of Wolfgang 
Pauli and Niels Bohr looking at a Spinning Top. 
[3]. 
The Earth and other astronomical bodies are 
huge Spinning Tops. They have magnetic 
moment too but its influence on the dynamics is 
negligible. This is not the case at the atomic 
level. Protons (in water molecules and organic 
molecules) have angular momentum and 
magnetic momentum. They “feel” the external 
magnetic field and this is at the bottom of the 
Nuclear Magnetic Resonance (NMR) or 
Magnetic Resonance Imaging (MRI) or 
functional MRI (fMRI). Actually, the author 
started from here and the results have been 
adapted to the Spinning Top..Also other atomic 
particles (electrons, neutrons) have angular 
momentum and magnetic momentum. 

As a toy the Spinning Top fascinates because 
it keeps vertical position when rotates; without 
rotation the vertical position is an unstable 
equilibrium. This is explained by nothing else 
than the law of conservation of angular 
momentum (dL/dt=M, L- angular momentum, 
M- external torque; if M=0 then L=constant, it 
means that the angular momentum is conserved 
or rotation is conserved). 

2. Driven Spinning Top 

Any try to move a Spinning Top in a certain 
direction fails. If we touch it, this is equivalent 
with a torque of friction and the rotation is 
decreased or it will jump in an undesired 
direction. We have to keep in mind that to keep 
the rotation we need to not introduce any torque. 
7 years ago [4,5] we modified the classical 
Spinning Top using two permanent magnets 
(Fig. 1). 
The two permanent magnets are attracting but 
their force of interaction passes the axis of the 
Spinning Top and introduce no torque. It means 
that the rotation is preserved and just the 
translation is obtained. With this modification 
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the classical Spinning Top is a Driven Spinning 
Top and it is qualitatively different from the 
classical one[6]. 
This can be observed here [7,8]. 
If a ball is fixed on the small magnet then when 
they stick together the rotation continues. 
Children do not expect this but by touching they 
realize it and after a while looks just obvious to 
be like this. This is a technical solution: a joint 
with two degrees of freedom or a spherical 
pendulum. 

3. A new toy and didactic device 

The magic of the Driven Spinning Top is much 
more than the magic of the classical Spinning 
Top. This comes from the fact that the new one 
is interactive. Several tasks can be done: 
competitions, chain of tops and a game topball. 
To drive the Spinning Top we need to hold the 
second magnet vertical above the top at 2-3 cm 
and move it slowly. If the second magnet is 
moved quickly the top cannot follow. By playing 
children and students of all ages improve hand-
eye coordination, patience, self-confidence, 
attention, perseverance, practical/technical skills. 
It is equally liked by girls and boys (this is 
important because girls can get more self-
confidence concerning technical matters). It can 
fight against Internet Addiction. 

4. The Physics of the Driven Spinning Top 

The horizontal driving is obtained because the 
force between 2 magnets does not introduces a 
torque, it means that the angular momentum is 
conserved and the rotation is not changed. 
If on the small magnet a ball of iron is fixed then 
when the two magnets are close enough and stick 
together the rotation continues. The ball assures a 
point-like contact it means a small friction. If we 
shake the second magnet the top falls and 
continue rotation. In both cases the forces of 
interaction do not produce any torque. Again, 
this is a new technical solution that is not met at 
other toys or didactic devices. If we put the 
bottom of the suspended top to the top of the 
second rotating top and we lift off we obtain a 
chain of two rotating tops. This gives a lot of fun 
to children but again has its explanation in 
conservation of the angular momentum. 
If a top is driven to a wall it will collide the wall. 
If we drive two tops with cylindrical external 
shape close one to another they will collide.It can 
be observed and a sound can be heard. Around 

the rotating top a flow of air is expected. We can 
feel it by putting a finger near the cylindrical 
shape of a top. In this flow a dynamic pressure 
exist and the Bernoulli law from fluidics can be 
applied. If we drive a Driven Spinning Top near 
to a glass ball they will collide and the ball will 
be moving rather far from the top. This can be 
used to propose a game: topball. Two players 
each with a Driven Spinning Top, a ball and two 
gates. Each player will drive the top to collide 
the ball and to bring it in the opposite gate. To 
play this game it is not needed to push children 
to do it and no explanations are necessary. 
 

 

Fig.1. Schematic of the Driven Spinning Top 

1-spinning top,  
2-small permanent magnet, 
3- rotation axis, 
4-external permanent magnet, 
5- rotation motion, 
6- movement of the top,  
7- movement of the external  magnet. 

Precession is a rather complicated motion[9]. It 
is involved in the dynamics of the solid body and 
in NMR (the nuclear spin is rotating around the 
external magnetic field). These can be taught in 
the first 2 years of the university studies. We 
state that if the students play with the top they 
will learn easier the full Physics and Engineering 
of the tops [11]. Quantitative measurements can 
be done: measuring the frequency of rotation 
around its axis and the frequency of rotation 
around vertical axis. The product of the 2 
frequencies should be approximately constant. 
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Driven Spinning Top can be offered to students 
of all ages. As our Ministry of Education 
recommends it can be used as a toy for primary 
school students, toy and some Physics for 
secondary school students, more Physics for high 
school and the full Physics and Engineering for 
first two years of university studies[11]. Even the 
teachers use to “wow” when they see for the first 
time [12].Driven Spinning Top is commercially 
available [13]. 

5. Future projects  

We do believe that if the Driven Spinning Top 
will be used by many people (teachers and 
students of all ages) many questions will arise: 
some will get right answers, others will remain 
open for a while and many contradictions will be 
triggered [10]. Also some original ideas could 
show up. We propose here 4 future projects: 

-A simple experiment can be done by 
fixing the second magnet as close as possible 
to a Spinning Top but the top to stay still on 
the surface. In this manner the normal force 
on the surface is minimum and the friction is 
minimum. The rotation should last much 
longer. 

-Another experiment can be done exactly 
like the previous but to work in low 
pressure(vacuum). In this case the friction 
with air is much reduced and the rotation 
should last even longer. 

- To imagine a manner of rotation of the 
top in the sense of rotation to compensate the 
friction…many people asked us but we did 
not have an answer. 

-At last would be a project that improves 
the Levitron [14]. Levitron is an excellent and 
fascinating experiment but it is hard to be 
obtained. We met several people that bought a 
device but did not have the chance to see it 
working properly. 
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Abstract. Various methods and techniques are 
used to create effective, permanent and 
meaningful learning in science education. 
Classroom activities, classroom experiments, 
cooperative learning, puzzling, testing and 
learning by doing are some of them. The most 
common purpose of these methods and 
techniques are getting learner more active and 
more participated during the learning process in 
the classroom. Among all of these topics, games 
have a special mystery in learning and teaching 
science. 

Kewords. Science, Education, Game, Student  

No matter what the age of the student is, learning 
science through games is a very important 
technique in the classroom. In all stages, students 
have a good time and they learn many things 
while enjoying. Also games are useful for 
students who have trouble focusing on the topics. 
For many students who have weak/short 
attention span, educational games can be very 
useful. A qualified educational game is not only 
helping to learn, it also has the kids enjoy. The 
students also find this way easier to learn. 
In addition to that, games develop personal skills 
like, memorization, consideration, making 
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decisions and conclusions. Also, it is a fact that 
games are helpful to teach subjects, beside 
science. For instance, many games teach the 
importance of taking turns, waiting a friend, 
acting in a group and time-management. Even it 
can be helpful to develop their reading and 
writing skills.  
In this study, we will mention some games that 
are consulted by students. There are five games 
and these games are based on biology, chemistry 
and physics. ‘Teomanya’ which is about matters 
in the chemistry; ‘Force in Force’ and ‘Electric, 
me and you’ which are the subjects in physics; 
‘Trees and Continentals’ and ‘Body Systems’ 
which are the subjects in biology are the names 
of the games. ‘Teomanya’, ‘Force in Force’, 
‘Electric, me and you’ and ‘Body Systems’ are 
the games that can be played by two or four 
people. ‘Trees and Continentals’ can be played 
by all the students in the classroom.  
The studies develop the students science skills of 
students observing, making comparison, 
guessing, planning a experiment, measuring, 
recording and making conclusions. On the other 
hand, the science study facilitate mathematical 
skills of students such as comparing, classifying, 
recording data, making graphics and tables. Also, 
the studies makes the cooperation between 
students. 

[1] Rose S. Why Educational Games are 
İmportant in Classroom. Publishing; 28 July 
2010. 

[2] Bağcı N, Bahadır Ö, Enik C, Evecen M, Koç 
R. 5. Sınıf İlköğretim Fen Bilgisi Kitabı 
Ankara: MEB, Publishing; 2012 
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Abstract. The International Particle Physics 
Outreach Group, IPPOG, is a network of 
particle physicists, researchers, teachers and 
informal science educators engaged in 
worldwide outreach and informal science 
education for particle physics. IPPOG's aim is to 
raise awareness, understanding and standards of 
global outreach efforts in particle physics and 
general science. 
IPPOG has initiated several major activities that 
engage students in hands-on activities, such as 
the well-established “International Particle 
Physics Masterclasses” which brings LHC data 
from CERN into the classroom and "Cascade," a 
new video competition for high school teams. 
The aims and activities of IPPOG will be 
described, including Masterclasses, Cascade and 
the IPPOG outreach database, that holds 
recommended tools and materials to be used in 
formal and informal education settings to bring 
the exciting world of particle physics to students 
of all ages, teachers and the general public. We 
show how students, teachers and particle 
physicists can benefit from the work of IPPOG 
and join in its activities. 

Keywords. Hands-on activities in particle 
physics, outreach database, high school students 
competition, IPPOG, Master classes. 

1. Introduction 

International Particle Physics Outreach Group 
(IPPOG) is a network of physicists and science 
educators engaged in informal science education 
and outreach for particle physics [1]. It was 
formed in 1997 under the joint auspices of the 
European Committee for Future Accelerators 
(ECFA) and the European Physical Society's 
High Energy Particle Physics Board. IPPOG's 
growing membership currently includes 
representatives from each member state of 
CERN, each major experiment at CERN’s Large 
Hadron Collider (LHC) and prominent labs and 
institutions in the USA and Europe. 
IPPOG's aim is to maximize the impact of 
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education and outreach in particle physics 
through information exchange and the sharing of 
expertise and thus strengthen cultural awareness, 
understanding and support of particle physics 
and related sciences across the globe. 
We would like to serve anyone who wants to 
know more about particle physics, especially 
educators and students (from school to 
university). We share the view of the former 
CERN Director General Mr. Llewellyn Smith 
who said at the first-ever IPPOG meeting “the 
particle physics community has a moral 
obligation to inform the public on its activities. 
To do this well, experiences must be shared 
among countries in view of the need to optimize 
the use of resources.” 
The group meets twice each year: once at CERN 
and once elsewhere. First IPPOG meetings were 
almost exclusively used for exchanging 
education and outreach ideas and resources, 
where each country or experiment presented 
their core activities and gained some insight into 
outreach efforts elsewhere. Later IPPOG became 
more proactive organizing its own activities such 
as International Particle Physics Masterclasses 
and the database of outreach material discussed 
below in more detail. 
A growing number of initiatives changed the 
format of IPPOG's meetings which now feature 
focused working groups to address specific 
needs of the community. They include, e.g., 
IPPOG identity and new membership working 
group (to extend original European nature of the 
group to a truly international one), IPPOG at 
conferences (to communicate importance of 
outreach among physicists and to provide them 
with useful tools and ideas), Social media, 
Masterclasses and Higgs mechanism (to explain 
what the Higgs boson is all about) working 
groups. 
IPPOG can help students telling them about 
outreach programs in their area and how to get 
involved and point them to recommended 
learning resources on-line. Teachers can benefit 
from our recommended tools and materials for 
their classroom audiences and scientists from 
recommended tools and materials to effectively 
engage young people during talks, presentations, 
and discussions.  

2. International Particle Physics 
Masterclasses 

Masterclasses bring the excitement of cutting-
edge particle physics research into classrooms. 

Originating from Great Britain, Masterclasses 
turned international in 2005 under the 
coordination of IPPOG [2]. It became a very 
popular acitivity for high school students from 
all over the world who come each year in the 
spring to nearby universities or research centers 
to become “scientists for a day” [3]. 
Masterclasses are rapidly expanding. In 2013, 10 
000 students in 37 countries and 150 universities 
took part in the event over 4 weeks. 

 

Figure 1. Masterclass participants  

The format of the day includes three key 
elements: 
i) lectures from active scientists give insight on 
topics and methods of fundamental research on 
the building blocks of matter and the forces 
between them ii) active participation of students 
in measurements on real data from LHC particle 
physics experiments ALICE, ATLAS and CMS 
and iii) international videoconference moderated 
from CERN during which students compare and 
combine results with their peers in other 
countries and discuss physics with the 
moderators. The main purpose of masterclasses 
is to expose students to the scientific process and 
share our excitement about physics with them. 
In the key measurement part students learn to use 
event display programs and analysis methods. 
They first practice particle identification by 
exploiting the characteristic signals left by 
particles in various subdetector elements; 
electrons, muons, photons and jets of particles 
are then recognised. The students then categorize 
events and measure various properties of some 
known particles, such as the weak gauge bosons 
W and Z and a number of hadrons (J/ψ, Υ, Λ, Ks). 
Finally, they learn how to use the concept of 
invariant mass in the search for new particles. 
Below we describe the measurements performed. 
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2.1. ATLAS Measurement 

2.1.1. W-path analysis 

There are two independent paths to perform 
measurements based on ATLAS data: W-path 
developed at University of Dresden and Z-path 
developed at University of Oslo [4]. 

 

Figure 2. W → μ
 
ν event in Atlantis 

The ATLAS W-path [5] offers students a 
possibility to search for W+ and W- bosons in the 
data through their leptonic decays W → l

 
ν 

where l is an electron (positron) or muon 
(antimuon) with a high transverse momentum 
and large missing transverse momentum due to 
the neutrino which escapes detection. Students 
identify W bosons with the event display 
software Minerva based on Atlantis [6], see Fig. 
2. The challenge of the task is to recognize W 
candidates among many different kinds of 
background events such as QCD jets, Z events 
and top quark events. By measuring the ratio of 
the number of W+ to the number of W- bosons 
students probe the proton structure: a ratio larger 
than 1 indicates that there are more u quarks than 
d quarks in the proton. 
Once the students can recognize W boson 
candidates, they can also search for the Higgs 
boson in the data, using its decay channel to two 
W bosons, H → W+W- → l+ν l-ν, characterized 
by two opposite charge leptons with high 
transverse momentum and high missing 
momentum due to two neutrinos. 

2.1.2. Z-path analysis  

Within the Z-path [7] students search for Z 

bosons in their leptonic decay channels, Z → l+l-
 

where l is again an electron or a muon. The Z-
path introduces the invariant mass concept as a 
powerful tool used by particle physicists to 
identify short-lived particles and search for new 
ones. Students learn how invariant mass is 
constructed and used to distinguish the signal (Z 
boson events) from many background events 
which include J/ψ, Υ, Drell-Yan, and other QCD 
and W background events. 

 

Figure 3. Invariant mass distribution with Z peak 
at 90 GeV and hypothetical simulated Z' peak at 

1000 GeV 

The students also search for the Higgs boson in 
the two discovery channels, H → ZZ → l+l-

 
l+l- 

and H → γ γ. The Higgs boson candidates have 
invariant mass at about 125 GeV, the mass 
observed by ATLAS (and CMS). Finally, if 
students carefully analyze data, they can also 
‘discover’ a new hypothetical particle, Z’, at a 
mass of 1000 GeV. Z’ events were simulated and 
mixed with real data to illustrate that the analysis 
can yield new and sometimes unexpected results. 
Z’ particle is predicted by several extensions of 
the Standard Model of particle physics. 
The HYPATIA event display [8] which is also 
based on Atlantis is used to go through a subset 
of 50 events per pair of students. 

2. 2 CMS Measurement 

CMS is the second large general purpose 
detector at the LHC. Working indepedently and 
using different detection techniques, ATLAS and 
CMS bring vital confirmation of each other's 
results. The CMS Masterclass measurement 
includes both W and Z-paths in a single exercise 
[9]. The physics behind is the same but events 
look somewhat different, partly due to the 
difference between the two detectors and partly 
due to the iSpy event display software [10] used 
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by the CMS measurement. The CMS tracker has 
stronger magnetic field than ATLAS and charged 
particle tracks are curved more as a result. The 
students can easily find the charge of the particle 
from the curvature and thus tell apart electron 
from positron or muon from antimuon (the 
charge is determined in the ATLAS detector in 
the same way but not by the students). An 
interesting feature of iSpy is that students (or 
anybody else) use it online without having to 
download it and the same applies to the data. 

 

Figure 4. A detail of a CMS event with curved 
tracks in iSpy 

2. 3 ALICE Measurement: Quark-gluon 
plasma analysis 

ALICE is the third large LHC experiment whose 
aim is not to search for new particles but rather 
study properties of a new phase of strongly-
interacting matter, the so called quark-gluon 
plasma (QGP) and the phase transition from 
QGP to the hadron gas state prevailing at lower 
energies. Results from these studies will lead to a 
better understanding of the conditions of the 
early Universe. 
Students use a simplified version of the ALICE 
event display to look for strange particles Ks, Λ 
and anti-Λ [11]. They count their numbers and 
compare them with Monte Carlo predictions as 
well as with published results. The goal is to see 
enhancement in these numbers as one moves 
from proton-proton collisions to lead-lead 
collisions which is an important signal of QGP. 

2. 4 Future steps 

Our surveys show that the level of complexity of 
measurements is just right and that students 
appreciate all parts of the program. Growing 
interest in Masterclasses leads us to consider also 
local, less time-consuming alternatives, dubbed 

mini-masterclasses, currently tested in a number 
of countries. We have also tried to apply the 
format to the fields of astronomy and cosmic 
rays with equal success. We collect all tools and 
materials at International Masterclasses 
homepage [1] and in the IPPOG database (see 
below) [12] 

3. Cascade projects competition 

International Particle Physics Masterclasses 
(MC) are successful in motivating high school 
students. However, it is only a one day event and 
some of the students are ready for further 
adventure. Cascade projects offer a chance for 
those who would like to get deeper into the realm 
of particle physics. The format was developed at 
the University of Birmingham in 2006/2007. 
In the Cascade competition teams of 3 - 6 high 
school students work for several weeks on 
projects on topics from particle physics and 
cosmology and then make 20 minutes 
presentations in their schools. The teams are 
helped by mentors (volunteers from the high 
energy physics community) and their teachers. 
Teams then send videos of their presentations 
plus PowerPoint files to the Cascade organizers, 
where the best teams are selected and invited to 
the Grand Final. 

 

Figure 5. Cascade team in the Great Final 

The best team in the Final wins a trip to CERN. 
The format is a success. Students enjoy working 
in teams and presenting in public. In Slovakia the 
number of teams rose from four in the 1st year to 
sixteen in the 3rd year of the competition. 
Masterclasses is a good springboard for Cascade. 
Most of the teams are formed from former 
Masterclass participants. 
The competition is relatively easy to organize. 
The first round (presentations at schools) does 
not require presence of the organizers. The 
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Grand Final is jointly organized by one of the 
high schools and a university. Teams present 
their projects in front of the jury and the high 
school audience. The best Cascade projects have 
the qualities we had hoped for: a solid scientific 
content and fresh, entertaining presentations 
which are a fun to watch. Team members are 
often interested in pursuing a scientific career. 
For more details see [13]. 

4. IPPOG resources database 

A new IPPOG initiative, the database is the first-
ever global database for materials related to 
particle physics outreach and informal education 
[12]. It houses videos, brochures, posters, talks, 
ideas for hands-on activities in a variety of 
languages. Items stored here are shared by 
members and partners of the IPPOG network. 
The aim of the collection is to help physicists, 
communicators and teachers find new ways and 
tools to teach particle physics in their classes and 
in public.  
New items can be submitted after registration by 
anyone. The database can be searched by the 
learning topic, audience, item type, topic and 
language. A rating system enables users to give 
credits to the popular items. 
The database is still in its early stages and we 
invite users to make suggestions that could help 
improving it. 

 

Figure 6. IPPOG resources database 
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Abstract. The European Hands-On Universe 
(EU-HOU) project has implemented the first 
network of radio telescopes dedicated to 
education. Six small antennas in five different 
countries open the radio wavelength domain to 
classrooms and offer the possibility to map the 
neutral hydrogen in our Galaxy, the Milky Way. 
A complete educational scenario has been 
produced, enabling students to discover by 
themselves the existence of dark matter in the 
Universe. 

Keywords. Digital technologies in education, 
Inquiry based science education, Milky Way 
kinematics, Radio observations. 

1. Introduction 

The EU-HOU-MW project is part of the 
COMENIUS European Commission Lifelong 
Learning Program (2010-2012). Very active 
since 2004, the EU-HOU consortium has the 
following objectives: i) to raise the attractiveness 
of science education, ii) to participate to the 
development and modernization of learning 
technics in EU schools, and iii) promote the 
scientific method/knowledge. The present project 
was built in the perspective of the future large 
international radio facilities ALMA (Atacama 
Large Millimeter Array) and SKA (Square 
Kilometer Array); it involves 11 European 
countries. The consortium has delivered 
educational material (updated versions of the 

SalsaJ software, exhibition on Radio-Astronomy, 
pedagogical resources including kinesthetic 
activities), organized teachers training sessions, 
and built a radio-telescope network for teachers 
and schools. 

2. Radio-astronomy network 

We have developed the first European network 
of radio-telescopes for education, enabling 
European schools to explore our Galaxy the 
Milky Way via the neutral hydrogen H I 
emission line at frequency 1420 MHz (or 21,1 
cm wavelength) with Internet and a simple web 
browser. The scientific goals are i) to derive the 
Milky Way rotation curve and discover the need 
of dark matter, and ii) to map the Milky Way 
spiral arms structure and discuss our place in the 
Universe. In order to do so, we provide the 
teachers with multilingual tools: a scheduling 
system to access the telescope, a remote access 
to the six T3m radio-telescopes (see e.g. Fig. 1), 
archives to retrieve and/or analyze previous 
observations and a simulator of observation 
enabling to perform (off-line) the exercises with 
high quality data (LAB survey, Kalberla et al., 
2001). The Internet Control Web page of the EU-
HOU-MW Small Radio-Telescope Network is 
accessible from the project Web site 
http://www.euhou.net/. 
Any teacher can go to this page and register. 
Once he has open an account (under the control 
of a local administrator), he can book a free time 
slot on any antenna of the network. The 
connection to the Observer page (the remote 
control interface) will be possible during this 
time slot only. Simple inputs are required: 
position on the sky, observing frequency, 
integration time. The interface provides the users 
with interactive maps in Az/El and Galactic 
Long/Lat coordinates. A webcam shows the 
telescope moving in real time. 
Once the observations are done, the spectrum is 
displayed and the user can remove a baseline 
and/or redo an observation. This spectrum can 
then be directly retrieved from the Archive, 
where more analysis can be performed. The user 
can select some peaks in the H I spectra. These 
peak velocities, together with the Galactic 
coordinates of the pointed region, can be 
translated into a rotation velocity and a radius 
(by simple geometric arguments) and/or into an 
x/y position in kiloparsec (kpc) on the face-on 
Milky Way plot. Those two outputs are directly 
computed by the interface from the selected 
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possible and can be analyzed with a python 
library specifically prepared. In fact, much more 
material can be added to the webpages for 
illustrating radio-astronomy principles 
(heterodyn receiver, interferometry, 
continuum/line observations) as well as the 
related astronomical topics (galaxies structure 
and content: dust, gas, stars, dark matter...) and 
the ongoing science. It is hoped that our 
evolutionary tool will not only provide pupils 
with an idea of what real science is, but also 
inspire some of them to consider a scientific 
carrier. 
Synergies exist with several research institutes 
outside the EU-HOU-MW network that have 
acquired the same kind of small radio-telescope 
for outreach or education purposes: Nançay and 
Toulouse in France, Bologna in Italy, Hanoi in 
Vietnam. Any of these antennas can easily be 
integrated into the EU-HOU-MW network. 
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Abstract. The City Bridges project focuses pre-
college students on different aspects of design, 
construction and operation of bridges, and on 
how they influence urban life while built or 
ruined. Students are amazed by how many 
different types of bridges their home town has. 
Project participants analyze the ways bridges 
affect urban life, and which reasons conditioned 
building particular bridges. Physics behind the 
bridges is basic and first-rate: from Archimedes’ 
Principle and Archimedes’ Law of the Lever to 
the modern Materials Science. When studying 
engineering and architectural aspects of bridge 
structures, hands-on modeling is a powerful 
educational instrument. Some creative designs, 
e.g. Leonardo bridge, 'flat arch' bridge, self-
blocked paper bridges are successfully practiced. 
International co-operation in the City Bridges 
project is welcome. 

Keywords. multi-disciplinary projects, hands-
on modeling, Archimedes' Law of the Lever 

1. Introduction 

Bridges, possibly the oldest structures ever built 
by men, remain the most common objects 
nowadays, and will be in equal need in the 
future. Spanning river rapids or sea streams they 
much more than simply join the banks: bridges 
connect people. Their construction itself requires 
creative co-operation of a variety of experts. In 
this sense bridges literally merge sciences with 
other sciences and with arts. While built, bridges 
often become an inspiration for artists, poets, 
musicians. Even for mathematicians: the famous 
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The Seven Bridges of Königsberg problem 
resolved by Leonhard Euler laid the foundations 
of graph theory and topology.  
Model bridge building contests are rather popular 
among the pre-college students, especially in the 
USA [1, 2]. Balsa wood, Popsicle (ice cream) 
sticks, safety matches, toothpicks and even 
spaghetti are among the common materials for 
that sort of models. Design, construction and 
tests of miniature bridges is a basic project of the 
US summer academic programs, like JHU 
CTY/CAA (course of Principles of Engineering 
Design) [3]. Computer modelling of bridges is 
also a popular educational activity [2].  
Our educational The City Bridges Project 
provides for a variety of exciting multi-
disciplinary studies and hands-on activities 
centred on bridge structures.  

2. A surprising multitude of bridges  

The city of Kharkiv, Ukraine is never mentioned 
to match Venice and Amsterdam in the number 
and beauty of bridges. Neither the local rivers 
can rival Danube or Thames. The more so 
students working on the project were impressed 
to discover in the city a broad variety of bridge 
designs, including the fancy pedestrian ones, and 
even a working pontoon bridge.  
It is a commonplace that the first bridges were 
just trees thrown across the river by a 
thunderstorm. Step next was a log masterly put 
by the ancient humans over a stream. Both 
designs could be still found on the rivers 
nowadays. In their slightly updated version s 
boards, pipes and used doors substitute the 
traditional logs. Students created an impressive 
database of pictures and videos of the self-made 
bridges built by creative population in need to 
cross over the city streams, rivers and puddles.  
On the field trips students watched and 
photographed professionally constructed bridges, 
remains of the derelict old bridge structures.  
Visiting on-line maps of Kharkiv and other 
cities, working with literature, project 
participants analyzed what conditioned building 
so many bridges and how they affected urban 
life. 

3. Over the urban ‘streams’ 

Succeeding in linking the shores of the natural 
streams, mankind produced new flows often hard 
to cross. Look at the rush-hour city traffic, no 
less turbulent than the stormy waters. Add the 

streetcars (trams) and don’t forget the railroads. 
For those ‘artificial rivers’, so numerous in the 
modern city, and even for some busy pedestrian 
areas the best solution is to build some sort of a 
bridge. Roadways, viaducts, footbridges, you 
name it. Students participating in The City 
Bridges Project noticed that even water (and 
other liquids) captured into a pipe may require 
bridges to walk over, see Fig. 1.  

 

Figure 1. A bridge over the Kharkiv city 
pipeline. 

Road bridges are especially impressive when 
they solve multi-level interchanges on modern 
highways. Those are yet to be built in Ukraine, 
so the project field trips were more focused on 
the railway bridges, including an incredible 
three-level old structure. 

4. Destined to become landmarks  

The very location of a bridge over a strip of 
water implies for its advantageous viewing 
position. No wonder many of the city bridges 
were built to become the outstanding landmarks. 
Even less ambitious projects constructed in 
Kharkiv are stylishly designed and decorated 
with towers, columns, sculptures and plaques. 
Railings are also often quite picturesque. Some 
nighttime illumination, flags and banners 
compliment the views. Modern contribution from 
the graffity painters and fancy ‘love padlocks‘ 
attached to the bridge railings should be 
mentioned. 

5. Creative modelling 

Important engineering aspects of the bridges’ 
design, traditional types of bridges (beam, truss, 
arch, and suspension bridges), their principal 
elements, typical materials and loads acting on 
bridges are well presented in educational 
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publications, e.g. [4].  
The project, though, provided for building the 
less common types of bridges chosen to develop 
students’ creativity. Two designs, undisputable 
students’ favourites, are presented below. 

5.1. Leonardo bridges 

 

Figure 2. Leonardo bridge, original design. 
Photo courtesy Igor Reva 

An ingenious design of an arch bridge suggested 
by Leonardo da Vinci back in 1483 (Fig. 2) still 
excites teachers and students quite a lot.  

  

Figure 3. A 60-cm Leonardo bridge assembled in 
downtown Kosice 

An on-going project of Czech school students on 
Leonardo Bridges lead by their teacher Kateřina 
Lipertová (Církevní gymnázium, Plzeň) [5] is a 
wonderful success. Some of the giant structures 
built by the students may support up to a half-
dozen of kids [6]. During the outdoors Physics 
Festivals a variety of Leonardo Bridges are 
erected in Pilzen, Czech Republic, to the 
enjoyment of all the participants and visitors. 
Contributing to this funny and instructive 

activity, authors constructed a smaller version of 
Leonardo Bridge from 20-cm wooden rulers in 
Kosice city downtown (Fig. 3).  
Computer animation of the ‘minimal’ 8-member 
Leonardo Bridge’s transformations was 
performed in Excel due to the macros designed 
by the Kharkiv college students, screenshot 
presented in Fig. 4. Dependence of the bridge’s 
height upon the position of transverse boards is 
plotted in the insert.  

 

Figure 4. Transformation of the ‘minimal’ 
Leonardo Bridge, computer animation 

5.2. Four-board permanent bridge 

In a book of advanced experimental high school 
problems [7] a kid and an adult cross the river by 
building a temporary bridge from two boards 
each a little shorter than the distance needed to 
span, Fig. 5. A nice application of the 
Archimedes’ Law of the Lever. Quantitative 
version of the problem was practiced to 
determine minimum lengths of the boards 
required to build the reliable bridge of that type, 
with the known river width and masses of both 
persons. Account of the boards’ mass is another 
challenge for the students. Calculations were 
checked and proved by the corresponding 
experiments. 

 

Figure 5. Bridging the river with two shorter 
boards [7] 
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A natural way to develop the problem was find 
the design of a permanent bridge of overlapping 
boards that requires no counterbalancing. A neat 
solution was suggested given four boards are 
available, all shorter than the river's width, see 
Fig. 6. 

 

Figure 6. A permanent four-board bridge 

Diverse calculations [8] proved in particular, that 
the length of (equal) boards in this bridge should 
exceed ¾ of the river width.  
Unequal boards may also be used, with the 
corresponding length limitations.  
Interesting case of the four-board bridges stable 
only under load was considered in the project.  

6. Conclusive remarks 

The well-pronounced multi-disciplinary 
character of The City Bridges Project provides 
for the interest from the diversely focused 
students. It is highly challenging for the 
instructing teachers to arrange students’ 
exchange of expertise and achievements in the 
course of the project.  
International co-operation is strongly welcome.  
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Abstract. In my school run a Comenius 
multilateral project 2009-2011, “Renewable 
Energy Sources – Friends of the Environment”. 
In this paper I will present teaching Renewable 
Energy Sources by Inquired Based Methods in 
the framework of this project. 
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1. Introduction 

Starting with 2009, in my school run a Comenius 
multilateral project, “Renewable Energy Sources 
– Friends of the Environment”. Partners were 
schools from Romania, France, Italy, Poland and 
Bulgaria. The project run with the financial 
support of the European Commission. The 
schools worked and cooperated when studying 
the renewable energy sources. The project 
working language was English. The project 
products were presented in the schools’ 
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magazines, CDs and a website. The pupils 
worked out a multilingual glossary of energy. 
They also drew regional maps with locations and 
opportunities for creating alternative energy 
sources on each country’s territory.  
In this paper I will present teaching Renewable 
Energy Sources by Inquired Based Methods in 
the framework of this project. 

2. Objectives of the Partnership 

The main objectives of the project were: 

A. Acquiring knowledge and developing 
skills for preservation of the environment 
by studying and learning about the basic 
alternative energy sources. 

B. Working together with European schools 
on technical documentation in the 
English language, connected with the 
study of: 
 Technical parameters of the systems 

for production and realization of 
energy (wind, water, sun, etc.) 

 Technology of operation of the 
energy systems 

 Opportunities for creating alternative 
energy sources on the territory of the 
country (a map of the location of 
these sources) 

 Comparative study of the alternative 
and traditional energy sources and 
their impact on the environment 

 Comparative study of the possible 
alternative sources in the countries 
participating in the project 

 Analysis of the economic 
effectiveness of the various energy 
sources 

C. Increasing the level of pupils’ knowledge 
and the quality of teaching and learning 

D. Promoting the language learning while 
studying technical documents, 
communicating with coevals during 
project meetings, using the Internet, e-
mail, communication websites. 

E. Getting to know other countries’ 
traditions and culture and their 
achievements in using alternative energy 
sources. is energy generated from natural 
resources such as sunlight, wind, rain, 
tides, and geothermal heat, which are 
renewable (naturally replenished).  

3. Distribution of Tasks 

The role of each school was described in details 
after the formation of the working teams and the 
tasks were divided according to the schools’ 
resources and competences. 
Communication between schools was maintained 
via Internet tools (e-mail; communicators; chat; 
forums). 
A Comenius File was made, which included the 
project diary and reports on the project meetings. 
Pupils shared electronic documents made by 
them at each partner school. 
The final products to be made were: brochures 
which can be shared after international meetings 
and by mails; CDs; a website; a Handbook. 
Project meetings were planned at each partner 
school, and they were arranged according to the 
partners’ needs and interests. 

4. How was used Inquiry-Based Learning 
in this Project? 

In this project, students were involved in all steps 
(planning, implementation and evaluation) and 
they acted as researchers in Science. There were 
formed teams of pupils to study and learn about 
the basic alternative energy sources. We tried to 
develop students’ ability to plan investigations, 
develop hypothesis, distinguish alternatives, 
searching for information, constructing models 
and debating with peers. We used different types 
of inquiry activities, from interactive 
demonstration to open inquiry. 

Source Annual 
potential 

(theoretical) 

Application 
 

Solar Energy 60 PJ 
1,2 TWh 

Thermic 
Energy  
Electrical 
Energy 

Wind Energy 23 TWh Electrical 
Energy 

Hydroelectric 
Energy (below 
10 MW) 

36 TWh 
3,6 TWh 

Electrical 
Energy 

Biomass and 
Biogas 

318 PJ Thermic 
Energy  
Electrical 
Energy 

Geothermal 
Energy 

7 PJ Thermic 
Energy  

After the study of technical, technological and 
economic literature about the alternative energy 
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sources, students worked out a multilingual 
glossary of vocabulary connected with the 
alternative energy sources. Also the international 
teams created comparative charts and tables 
about the technical parameters and the economic 
effectiveness of the various sources and made 
regional maps of the location of alternative 
energy sources (already existing ones and new 
possible sites). Each school team presented its 
work during the project reunions. 
RES theoretical potential for Romania[1] is 
represented in the table below (Romanian 
Energetic Strategy for 2007-2020): 
The map of available RES per regions is[2]: 

Figure 1. Map of available RES per regions 

Legend:  

I. Danube Delta (Solar Energy); 

II. Dobrogea (Solar and Wind Energy); 

III. Moldova (Micro-hydro, Biomass and 
Wind Energy); 

IV. Carpathian Mountains (IV1 – Eastern 
Carpathian; IV2 – Southern Carpathian; IV3 
– Western Carpathian (Micro-hydro and 
Biomass); 

V. Transylvanian Plateau (Micro-hydro); 

VI. Western Plain (Geothermal Energy); 

VII. Subcarpaţii(VII1 – Subcarpaţii Getici; 
VII2 – Subcarpaţii de Curbură; VII3 – 
Subcarpaţii Moldovei: Micro-hydro and 
Biomass); 

VIII. Romanian Plain (Biomass, Solar 
Energy and Geothermal Energy). 

5. Science Fair 

During the project reunion who took place in our 
school, we organized a Science Fair with 
experimental devices made by Romanian 
students in the frame of this project. The success 

of this Science Fair was huge. Students presented 
many experiments, experimental devices made 
by themselves and real-life applications of 
Science. All illustrated the theme of the project – 
renewable energy sources and their impact on the 
environment. 

 
Figure 2. Map of available RES per relief units 

During the preparation and the presentation of 
their experiments, students gained a deeper 
understanding of the phenomena in the IBSE 
approach and will probably remember the “new” 
knowledge longer through the process of 
internalization[3]. Inquiry based skills developed 
in this Science Fair were amongst others: 

- Planning and conducting investigations; 
- Gathering data; 
- Performing experiments; 
- Analyzing results obtained with 
experiments;  
- Communicating results with the use of 
graphs; 
- Using results from one experiment to 
analyze the results of another experiment; 
- Using knowledge from one field in another 
field. 

In some activities the computer was used to 
record sound and to analyse the data. 

6. The Impact of IBSE and of this 
Partnership 

Students, teachers and parents were very 
interested in using IBSE methods for the study of 
renewable energy sources. We believe that the 
impact was very significant on the participants.  

On Pupils:  

- development of skills for diagnosing 
problems, critical thinking, planning 
investigations, researching 
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alternatives[4]; 
- development of skills for group work, 

argumentation, dialogue, debate, 
exploration and experimentation; 

- training in problem analysis and solving; 
- a deeper feeling of being a members of a 

wider Community, the European one, 
and a stronger sense of respect and 
tolerance toward other cultures; 

- a deeper spirit of cooperation and 
friendship 

- higher competences in foreign languages 
and new technologies which are so 
necessary today;  

- a deeper feeling that they contribute to 
the improvement of the environment;  

- development of sense of responsibility; 
- knowledge of other cultures; 
- a more active citizenship;  
- a wider cultural background. 

 

Figure 3. Science Fair in our school 

On Teachers: 

- development of skills for IBSE oriented 
teaching; 

- development of skills for teamwork and 
cooperation with teachers from other 
countries 

- exchange of experience and teaching 
methods in order to improve the quality 
of education and work out “good 
practices” 

- formation of skills for organizing the 
work 

- be encouraged to find new and 
imaginative ways in the implementation 
of the syllabus through this project, (the 
teachers in particular) 

- improvement of language competences 
in English and in the partners’ mother 

languages from the point of view of a 
lifelong learning 

On Institutes: 

- More contacts and cooperation among 
the participating schools 

- A higher flexibility towards different 
education plans 

- A closer approach towards the local 
community and a better understanding of 
its education needs 

- More opportunities to work out 
education plans which are closer to the 
needs of the local community 

On Local communities: 

- a wider opening towards Europe and its 
different cultures 

- Cultural enrichment through the mutual 
knowledge realized through the 
dissemination of contents and activities 
of the project on the Internet, on the 
schools’ websites and on the town 
councils’ websites, on local newspapers 
and in local TV programmes 

- A higher sensibility to environmental 
problems and to an eco-sustainable 
development 

- Opening to the possibility of new and 
better jobs, respectful of the 
environment, for the future generations 

On education communities: 

- the project will be a stimulus to other 
schools to start European collaborations 

7. Conclusion 

I conclude that Inquired Based Method is very 
good to teach the renewable energy sources. 
The results from the project activities were 
included in the theoretical and practical training 
at the school: there were an incorporation into 
the syllabus of geography classes (opportunities 
for creating alternative energy sources on the 
territory of the country (a map of the location of 
these sources), technical English classes 
(working out a multilingual glossary of 
vocabulary connected with the alternative energy 
sources), computer science classes (preparing 
Power Point presentations and electronic 
documents about RES), economics classes 
(analysis of the economic effectiveness of the 
various energy sources), chemistry and 
preservation of the environment classes, 
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vocational subjects classes (study of technical 
parameters of the systems for production and 
realization of energy). Still, there is a long way 
until the IBSE to become a main approach for 
teaching Science in our countries. It all depends 
on national curriculum content, assesment 
criteria, resources and teachers training. 
Anyway, this project was a great opportunity for 
students, teachers and local communities from 
five countries to work together on renewable 
energy sources theme. 
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Abstract. In this paper I will exemplify the 
IBSE method of teaching mathematics for the 
lesson “Integers”. I participated in the training 
course "Intel Teach-Training in the Knowledge 
Based Society." This course helped me to make 
my lessons more attractive by integrating 
resources and IT tools in teaching mathematics. 
In my opinion, we have to work together for a 
continuous improvement of Romanian education 
system and to create equal conditions for all 
children, whether they are living in the 
countryside or in the city, because European 
integration depends largely on education, culture 
and science. 
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1. Introduction 

In this unit, students learn the concepts of: 

 Integer, opposite 
 Comparing and ordering integers 
 Operations with integers  
 Rules for calculating with powers 
 using the order of operations and 

parentheses 
 Solving equations in Z 
 Solving inequality in Z. 

Essential Question: 

- How math helps us in solving practical 
content? 

Unit Questions: 

- Why we need to know the concept of 
integer? 

- How help us use these concepts in 
problem solving? 

Content Questions: 

- How do we define an integer? 
- What is the opposite of an integer? 
- How it compares and how orders are 

integers? 
- What are the operations with integers? 
- What is the order of operations in Z? 
- How to solve problems that arise in 

operations with integers? 
- How to calculate the power of an 

integer? 
- What are the rules of computing powers? 
- How to solve equations and inequalities 

in Z? 

Students will participate in solving individual 
and group applications, the degree of difficulty 
gradually differentiated learning styles and level 
of understanding focused on: 

- Identification of issues involved; 
- Find real-life problems solved with 

integers, the development of the graphical 
representation; 

- Identify problem situations, which can be 
transcribed into mathematical language, using 
algebraic calculations to determine an unknown 
in an equation in Z. 

2. Unit’s Objectives 

1. Use algebra to simplify computing 
elements calculations and for solving 
equations. 

2. Identify-problem situations, to transpose 
them into mathematical language and 



10th International Conference on Hands-on Science 
Educating for Science and through Science 
© 2013 HSci. ISBN 978-989-98032-2-0 

 

 

25 

effectively organize how to solve them. 
3. Build problems, based on a model (graph 

or formula). 
4. Consistently provide the solution to a 

problem, using various modes of 
expression (words, mathematical 
symbols, diagrams, tables, various 
construction materials). 

5. Identify uses of mathematical concepts 
and methods studied in solving practical 
problems. 

6. To assume different roles within a 
learning group, arguing ideas and 
mathematical methods, using different 
sources of information to verify and 
support opinions. 

3. Operational Objectives 

Students will be able to: 

- To understand what an integer is; 
- Solve problems that arise in operations 

with integers; 
- To calculate the power of an integer; 
- To solve equations and inequalities in Z. 

4. Didactical Strategy 

First hour: 

To achieve the unit's portfolio, students must 
have theoretical knowledge on the concepts 
from this unit. Will divide students into three 
groups and will complete homogeneous 
KWL chart. Students seek information about 
the concept of individual integer which it 
saves in a folder "Resources". It uses 
brainstorming method. They note the 
integer’s definition. Students will continue to 
search for information about the concept of 
opposite integers, comparing and ordering 
integers. For each concept will write the 
definition. Students in each group will be 
asked to complete their work schedule which 
will include exercises with a degree of 
difficulty gradually differentiated for each 
group. Within each group, students can work 
individually by distributing the task. Each 
group will post on the forum worksheet to 
get an overview and to view and work groups 
and other forums will complete a checklist 
on progress. This activity begins in the 
classroom and will be continued at home. 
The teacher will continuously observe and 
work groups will help students when 

difficulties.  
Examples: 

 

Figure 1. Opposite numbers definition 

 

Figure 2. Integer’s definition 

Second hour: 

Students collect information about addition 
and subtraction of integers. Using examples, 
students will solve such operations. Students 
will be divided into three groups and they 
will publish the results of their work in the 
forum.  

Examples: 

 
Figure 3. Integer’s addition rule 1 

 
Figure 4. Integer’s addition rule 2 

Third hour:  

It collected information on multiplication and 
division with integers. Students will be 
divided into three groups and the forum will 
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publish results of their work.  

Fourth hour:  

It collected information about the power of 
an integer exponent and the natural rules of 
computing power. Using examples, students 
solve exercises. Students will be divided into 
three groups and the forum will publish 
results of their work.  

Fifth hour:  

It collected information on equations and 
inequalities in Z. Using examples, students 
solve exercises such operations. Students will 
be divided into three groups and the forum 
will publish results of their work.  

Sixth hour:  

Presentation of the final products of groups, 
carry out evaluation / self-presented product. 
After the presentation, teacher discuss with 
his students in order to analyze the extent to 
which students have acquired knowledge and 
developed skills of collaboration, 
communication, creativity. 

5. Evaluation 

Students will fill in a KWL chart to identify 
knowledge needs of students. The teacher will 
ask students to write in the first column what 
they know about integers and the second what 
they want to know about it and in the third – 
what they learned. Students will be divided into 
groups according to their level of understanding, 
will work differently from completing 
worksheets developed by teacher and will 
complete lists of progress. To communicate, 
exchange views or improving certain content, to 
view products, it will be used discussion method 
and the forum.  
Analyzing portfolios will be as follows:  

 Presentation - the key criteria for 
presentation  

 Students will complete the table-I know I 
want to know - I learned to appreciate 
progress.  

 Each student will complete a feedback 
form on the forum for his colleagues’ 
presentations.  

 Each student will be assessed with a 
mark.  

I used initial assessment, formative assessment 
and summative evaluation. 

 

Figure 5. First application 

6. Conclusions 

I noticed that students are very attracted to this 
type of learning, though things started hard, 
students of rural environment had not benefited 
from the advantages of urban students. KWL 
chart (I know, I want to know, I learned) has 
been a very effective tool and highly appreciated 
by students. They have learned to express ideas, 
knowledge, to discuss, collaborate in teams, 
something new for them. It was difficult initially 
to make them think by themselves, take initiative 
and to express ideas using brainstorming method. 
To explain the concept of integer, I use many 
applications and examples from real life, because 
only this way I managed to attract their attention 
and make them understand. 
I concluded that only if you consistently apply 
this method at least over a full cycle of four 
years, results can be achieved with the students.  

Examples: 

 

Figure 6. Second application 
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Abstract. Science, which plays an irreplaceable 
part in life of every human, should be among 
educational subjects the students understand 
well. However, both practice and research prove 
that this is not so. IBSE suggests itself as one 
possibility of resolving these problems and 
improving science education.  
This contribution starts by short characterization 
of IBSE and sketching its main aspects. It shows 
the overview of important projects about this 
method and it characterizes the IBSE situation in 
Czech Republic. It also delineates themes in 
chemistry education at primary and secondary 
schools that are suitable for the application of 
this method and shows the model activities from 
the field of chemistry at secondary schools.  

Keywords. Primary and secondary schools, 
teaching and learning innovative methods, 
inquiry based science education, inquiry based 
chemical education 

1. Introduction 

In recent years a number of international studies 
have been implemented monitoring both 

knowledge and skills of students/pupils, and also 
their interest in science subjects. It is apparent 
that the scientific knowledge that students have 
are at good level; a major problem is the 
explanation of phenomena, understanding the 
laws of nature, abstract concepts and 
explanations of the attitudes [9,16]. 
Students/pupils have problems mainly with the 
creation and formulation of hypotheses, using 
research methods, with experimental activities 
and interpretation of data. The reality is also a 
decreasing students' interest in science subjects. 
A similar situation prevails not only in the Czech 
Republic but also in other countries of the 
European Union. Therefore, in 2007, an EU 
study was published, which recommends the 
innovation of the content and application of new 
methods of teaching in science subjects, 
especially those that use inquiry based approach 
[12]. Such a method is particularly the method of 
inquiry based science education (IBSE). The 
results of recent research confirm that this 
method is effective in increasing students' 
interest in science subjects, motivates both 
students/pupils and teachers and brings a deeper 
understanding of curriculum of these subjects 
and thereby a deeper understanding of natural 
sciences [5]. 

2. Inquiry Based Science Education  

 

Figure 1. Vědecký postup [13] 

The essence of the method of inquiry based 
science education is the exploration of students 
themselves, acquisition of knowledge and skills 
through problem-solving. This method provides 
students/pupils with the ability to formulate 
questions, gather information and integrate them 
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into a meaningful context, propose both the 
solutions to the problem and a working 
procedure, discuss findings, and actively acquire 
the necessary knowledge and skills. This method 
of teaching is to simulate the scientific procedure 
(see Fig 1). The teacher does not pass the 
curriculum to students/pupils through 
interpretation, but he/she rather plays here a role 
of a coordinator of students/pupils, which helps 
to achieve the desired objectives. He/she 
encourages students/pupils to know how to 
search for information, assess their relevance, 
choose those that are necessary to solve the task 
and how to use the information so acquired to 
solve the problems. 
However it would be mistaken to assume that 
students/pupils will be able from the beginning 
to do scientific research independently. 
In terms of teacher‘s assistance, IBSE can be 
divided into four levels, which allow the 
involvement of students/pupils according to their 
evolving capacities [1] 

 

Table 1. Four levels IBSE [1] 

Confirmation inquiry 

Students/pupils are made familiar with the 
results in advance and they subsequently 
validate them. They follow the instructions to 
perform the experiment, record the data, and 
evaluate the results. 

Structured inquiry 

The teacher determines the question and 
procedure; students/pupils explain the results 
using the evidence gathered. 

Guided inquiry 

Students/pupils will be given a question, they 
propose the solution procedure, they 
practically verify it and explain the acquired 
data. Apart from the skills to interpret data 
for mastering of these explorations they need 
to learn different procedures of how to plan 
experiments, to record data, etc. The teacher 
can confirm the meaningfulness of their 

plans. 

Open inquiry 

Students themselves choose a question, 
create a hypothesis, devise a way of its 
verification, perform its validation, record 
data, explain it and generalize. 

The proportion of students/pupils and teachers‘ 
work in various stages of research work is shown 
in Table1. 

3. IBSE in the Czech Republic  

In the Czech Republic, since 2005, new 
curricular documents have been introduced into 
schools; these documents in their general part 
proclaim to develop the skills and competencies 
of students/pupils, but in practice they virtually 
do not bring any changes. However, the 
importance of IBSE method is here realized by 
more and more didactic specialist and teachers. 
Czech agencies approve the projects focused on 
this method such as 3V, Researchers, Generation 
Y, Science is no science, etc. The Czech 
Republic is involved in EU projects addressing 
this issue (POLLEN, PROFILES, S-TEAM, 
ESTABLISH, etc.) These projects aim to provide 
quality education in science subjects, within 
which educational and methodological materials 
are created using IBSE for both the students and 
their teachers. Courses and seminars are 
organized for teachers; these help the teachers to 
understand new trends in science subjects 
teaching and facilitate the implementation of 
IBSE in teaching. An overview of the most 
important projects currently solved in the Czech 
Republic with a focus on IBSE is stated e.g. in 
the publication of Nedomová [7]. 
In the field of natural sciences, the highest 
number of studies is now devoted to IBSE as a 
tool for teaching of biology and ecology. They 
e.g. process the aspects of this method, issues 
related to its implementation in schools and they 
also offer specific tasks for teaching of biology 
and ecology (Papáček [10] Stuchlíková [15], 
Nikrýnová [8]). Other science subjects such as 
chemistry and physics are also gradually 
involved in these studies. 

4. Selection of chemistry curriculum 
content for IBSE 

Tasks for chemistry inquiry based education 
have not been yet developed in greater extent. In 
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addition to the above projects, only a few 
doctoral theses are currently devoted to this area. 
This lack can be explained by the concern with 
processing of difficult topics in chemistry 
teaching and also by quite strict safety rules in a 
chemical laboratory. However, if our intention is 
to make science subjects more attractive for 
students/pupils, should not be solving of 
chemical tasks just the right challenge? Finally it 
is necessary to overcome an antipathy to hours of 
chemistry and decline of interest in this field of 
study. The selection of topics for IBSE in 
chemistry should therefore be a motivation for 
all who create textbooks for students/pupils, 
textbooks for teachers, tasks for both teachers’ 
demonstrations and experiments for students. 
A selection of curriculum content for inquiry 
based education can be the selection of the 
didactic content of the educational course, i.e. 
from both framework educational programs and 
school educational programs and also from 
existing textbooks. However, it can also be a 
selection beyond the content of textbooks, 
especially in the case of teaching undertaken as 
project days, etc. Generally speaking, the choice 
of curriculum for IBSE may be subject to 
substantive and syntactic topic content and to 
characteristics important for IBSE such as 
dynamics of knowledge development, a story 
and an action. Other important moments of 
choice are critical assessment of the topic in 
respect of educational objectives and verification 
of effectiveness in teaching process after the 
topic taught by IBSE method has been applied in 
a real lesson [10]. 

5. Limits to IBSE implementation in 
schools 

A decline in student interest in science subjects 
has previously led to the formation of activation 
teaching methods. IBSE elements are included in 
educational approaches such as problem 
learning, project based learning, collaborative 
teaching, activation teaching, experiential 
learning. Vališová also defines one of the 
methods of practical student activities similar to 
IBSE: Laboratory work of heuristic nature allows 
students/pupils to discover for themselves, 
through problem solving tasks, new facts, 
relationships, to experiment and search and then 
acquire new knowledge [19]. 
Therefore the conclusion can be arrived at that 
various forms of activation teaching where the 
main role is primarily attributed to the 

student/pupil have already been here earlier. 
However, a fundamental change in the teaching 
process has not appeared in practice. So why 
teaching of problem-solving tasks, projects, and 
other forms of active learning have not been 
previously applied in a larger extent? Where can 
teachers see the complications in the 
implementation of activation methods into 
teaching? 
IBSE advantages are after all obvious, and we 
can summarize their main points as follows: 

Advantages of IBSE: 

 Initiative of students/pupils through 
observation, devising of processes, 
measurements, analysis of results 
 Improved capabilities and skills 
necessary to work with information 
 Development of creative thinking of 
student/pupil 
 Easier to understand the outside world, 
nature 
 Interest in the above issues 

However, limits to IBSE implementation into 
teaching should be discussed in somewhat 
broader context. 
As seen by the teachers, the main difficulties in 
implementing of IBSE into schools are the lack 
of time, teachers are afraid of not meeting the 
established school programs. However, current 
curricula introduced in schools offer more space 
both for creativity of teachers and also for lesson 
planning. It is up to the teacher whether a given 
topic will be acquired by students/pupils using 
IBSE or traditional frontal teaching. Of course, 
with frontal teaching, much more of the 
curriculum can be managed, but the question is 
whether the students/pupils will acquire the 
curriculum really in a long time horizon or they 
will only remember it for a short time. Moreover, 
facts are also in today's world easily accessible; 
therefore a valuable skill is rather to understand 
the information than to memorise it [11]. 
In addition, teachers fear that they do not have 
sufficiently equipped classrooms and 
laboratories, or sufficient funds to implement this 
method. There is certainly nothing to worry 
about, now there are tasks that are not at all 
demanding in terms of tools or chemicals. 
Another risk is insufficiently trained and 
prepared teacher to run IBSE. An essential fact 
in this respect is that in the Czech Republic there 
have not yet been many studies devoted to IBSE 
more theoretically with the aim to bring it closer 
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to professional public, the concept of IBSE has 
not been fully defined and neither has its 
functional content. Similarly, unlike the situation 
in the USA and Western Europe, in the Czech 
Republic there are not available textbooks and 
methodological manuals dealing with 
constructivist concept of teaching and IBSE in 
natural sciences for student teachers and novice 
or experienced teachers in practice [11]. 
As a step forward, it is therefore education of 
chemistry teachers through workshops, where 
they can watch or try a ready demonstration of 
IBSE in the role students/pupils, further they can 
obtain procedures for already created tasks and 
finally they can acquire the IBSE method and its 
practical applications. 

6. IBSE in chemistry 

Suitable topics taught using the IBSE method in 
general chemistry curriculum are e.g. topic areas 
such as substances, mixtures, acids and alkali, 
metal reactivity, redox processes, etc. For 
inorganic chemistry, teaching tasks are created 
for individual elements, or for groups of 
elements and their compounds, especially with 
regard to their practical application in everyday 
life. Topics difficult to understand such as the 
structure of organic compounds and their 
isometrics have been selected for IBSE method 
in organic chemistry. Furthermore, this area is 
also devoted to reactivity of alkanes and alkenes, 
alcohols, carbonyl compounds, carboxylic acids, 
and other topics. 
To illustrate this, there is an example of task 
Solubility adjusted for the level of guided inquiry 
at secondary school. 
In the introduction to the task, students/pupils 
inquire the relevant information available 
(answer the questions: What is solubility? What 
is a solvent? What is a dissolving substance? 
What is a mixture? What is the difference 
between homogeneous and heterogeneous 
mixtures?). Furthermore they draw a mind map 
on the topic Mixture. This activity is introduced 
by the teacher using the questions: Where can 
you find a mixture and which examples of 
mixtures come to your mind? What have you 
known about mixtures? 
Then, through the game, the students/pupils are 
presented with a problem: What is a saturated 
solution? Students/pupils discuss in groups and 
try to define the concept. They design an 
experiment, which may confirm their hypothesis 
and defend their definition. They are helped by 

the tools that are available, diagrams and pictures 
(see Fig 2, Table 2, and Table 3). 

 

Figure2. Solubility curves of NaCl, KNO3 and 
CaCrO4 [14] 

Students record the results of experiments, and 
finally discuss the relevance and provability of 
their approach, because with the experiment the 
actual execution is not the only important task, 
but the correct interpretation of the results is also 
necessary. The teacher guides them through their 
work by leading questions, but he/she does not 
confirm or disprove the direction of research. 
Students/pupils themselves derive the concept of 
saturated solution and are able to further use it. It 
is clear that in this way the acquired concept will 
be more permanently stored in the memory and 
understanding of its principles may also help in 
learning. The task can be supplemented with the 
issues of factors affecting solubility (influence of 
solvent, dissolved substances, presence of other 
substances in the solution, temperature, 
pressure), further the properties can be illustrated 
of dissolved substance and solvent (in terms of 
polarity loop), etc. 

6. Conclusion 

In this article we have tried to summarize the 
most important aspects of the IBSE method, to 
highlight its importance and the reasons why we 
pay attention to it. Despite some problematic 
aspects of this method, we see its great potential 
which can help students to deepen their acquired 
knowledge and skills and to understand the 
principles of chemical structures, phenomena and 
processes. Last but not least, we hope that 
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teaching by IBSE will motivate students to study 
science subjects, or at least raise their interest in 
natural phenomena with which they encounter in 
life. Using simple experiments with 
students/pupils will also encourage their ability 
to think critically, act logically and verify 
information and its sources, all of which are the 
skills necessary for contemporary life. 

 

Table2. Solubility of substances depending on 
temperature (number of g substance per 100 g 
solution) [14] 

 

Table3. Solubility of some inorganic substances (x-
number of grams of substance in 100 g of 
saturated solution at 20 ° C) [14] 
(Látka = Substance) 
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compared to a limited time assigned to natural 
science subjects in education programmes. The 
teachers are generally aware about this situation 
and try to activate students by running chemical 
demonstrations, showing video clips with 
chemical experiments, asking questions. Students 
only occasionally have opportunity to work in 
groups on specific tasks: most often text analysis, 
solving exercises, examining and comparing 
objects. Experiments planned and run by the 
students themselves are still rather rare in 
educational practice. As a result, students have 
very limited opportunity to train their practical 
and exploratory skills by running experiments, 
collecting observations, formulating hypothesis, 
drawing conclusions, etc. This is not conductive 
to the development of students' creativity, 
independent thinking or working in groups. For 
example, the analysis of the results of external 
competence tests for the graduates of Polish 
lower secondary schools indicates that "... 
students still have major difficulties in 
performing tasks that verify application of 
knowledge to solving of problems, in appropriate 
using terms and concepts specific for natural 
sciences, in describing the cause – effect 
relations..." [2]. 

2. The concept of "Practical and 
exploratory workshops" (ZPB) 

The new course "Practical and exploratory 
workshops" (abbreviated as ZPB from Polish 
"Zajęcia Praktyczno-Badawcze") is a complex 
proposition that attempts to address the problems 
outlined in the short analysis above. This course 
has been developed as a result of EU project 
"Practical and exploratory workshops in Elbląg 
powiat. Pilot programme for implementing a new 
course to educational programmes of upper 
primary and lower secondary schools" and still is 
being under evaluation in selected schools in 
Northern Poland [3]. 
The ZPB course is based on the content for 
natural science subjects outlined in National 
Curriculum, but its goals are different. While the 
particular subjects concentrate on knew 
knowledge, ZPB is aimed first of all on 
developing practical and exploratory skills. A set 
of separate educational standards has been 
developed for the course [4]. They do not refer to 
any specific content. Instead, they specify 
particular competences that a student should 
achieve by completion of ZPB. They include: 

- using appropriate terminology in 
describing observed objects and 
phenomena 

- planning and running observations and 
measurements 

- identification and solving problems 
- analyzing data and generalizing  
- application of knowledge and science 

methods in new contexts 
- operation of simple instruments and tools 

The final choice of standards has been completed 
on the basis of diagnostic survey conducted in 
the selected Polish schools. The survey has 
indicated that the students have major difficulties 
with integrating the knowledge from science 
subjects, applying this knowledge in practical 
situations or solving problems by themselves.  
An educational programme for the ZPB course 
has been developed [5], as well as the textbook 
for students [6] that contains propositions of 
students' activities on ZPB classes. The content 
of the programme conforms the National 
Curriculum for natural science subjects: Science 
for upper primary school, and Biology, 
Chemistry, Physics for lower secondary school. 
Nevertheless, the programme for the lower 
secondary schools does not follow the division of 
science education to separate subjects. Instead, it 
proposes an integrated approach to learning 
science at this level, which is new in Polish 
education system.  
ZPB activities are run in accord with Inquiry 
Based Science Education methodology (IBSE) 
and they are substantially different from typical 
classes of natural science subjects. Above all, 
they are based on students experimenting 
activity, carried out in small groups. At the 
beginning of each class, students are introduced 
to a particular problem by the teacher, who starts 
from some observation, reported result of an 
experiment, theoretical reasoning, etc. Students 
try to identify the problem, postulate hypotheses, 
try to verify them experimentally, come to 
conclusions that they present publicly in front of 
other students. The formula of activities 
stimulates students' engagement, trains co-
operation in groups, makes possible to assign 
tasks according to individual preferences and 
aptitudes of students. Even the students that do 
not perform well on traditional science classes 
have chance to discover their talents and to get 
satisfaction from their achievements. 
Also teachers play a different role on ZPB 
activities. They are no longer in a position of a 
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person who decides about every element of 
teaching process, who directs, controls and 
appraises students' actions. Instead, they become 
rather experts and advisors, moderators who 
discreetly leads students through the activity and 
encourage them in their efforts. They do not 
offer ready solution or systematised explanation, 
but rather expect the conclusions will be 
provided by students themselves. They should 
create the atmosphere that encourages students to 
pose questions, learn from their errors, look for 
the relevant information in available sources, or 
come to individual decisions. They should be 
open to the individual ways students reach their 
conclusions, supporting the development of their 
personality. The ZPB laboratory should become 
the place, where students are free to observe, to 
experiment, to explore. 

3. Implementing ZPB in selected schools 

ZPB has been implemented as a pilot course in 
five primary schools and five lower secondary 
schools in Elbląg powiat (county), altogether 96 
student groups participating in these activities. 
For the purpose of this course, the schools have 
been furnished with laboratories, fully equipped 
in instruments and tools necessary to run the 
desired experiments. 
Teachers for ZPB have been selected based on 
their practice in teaching natural science subjects 
(Science, Biology, Chemistry, Physics). Since 
none of them had any former experience with 
activities of the ZPB type, they have been trained 
by the authors of the educational programme. 
The training included new content for teachers 
non-specialists in a particular subject (eg. 
chemistry content for Biology teachers), as well 
as methodology of ZPB and organizational 
aspects of this course. 
Educational Internet platform [7], created 
particularly for the ZPB project, makes possible 
exchanging information among students and 
teachers. Using the platform, students exchange 
their observations, seek teachers' advice, look for 
current information about organization of the 
activities, etc. They also make use of educational 
materials uploaded by teachers, report their 
results, check their scores, share opinions on 
various subjects. Teachers place information 
important for the students, upload scores and 
comments, verify students' progress. 
An innovative system for the evaluation of 
students' achievement has been proposed for 
ZPB. Students are not given formal notes, as for 

other subjects, they also do not take part in 
routine tests, oral questioning, etc. Instead, they 
score points for various aspects of their activity: 
creative thinking, communication, searching for 
information, actions. The scores are meant to 
stimulate the personal development of the 
students, to discourage rivalry among them and 
to promote co-operation and responsibility. 
Students are assessed by the teacher and by the 
other students for their performance during 
activities and for the results obtained in the 
individual projects, realised both in the school 
laboratory and as a homework. Table 1 shows 
the exemplary scoring system used for the 
assessment of students performance in the ZPB 
course. 
On the first ZPB activity, students are acquainted 
with the goal of the course, rules of participation, 
the preliminary schedule of activities and the 
safety measures that must be observed in the 
school laboratory. Then, together with the 
teacher, students work out the guidelines for 
realization of the projects, homework, 
participation in excursions and field activities. 
The ZPB textbook contains many propositions of 
activities in form of separate units. Every unit 
can be realised independently, according to the 
preferences of students and teachers. Of course, 
teachers and students can propose independently 
activities of their own concept and design. The 
typical unit contains a short introduction to the 
subject, and suggestions how the particular 
activity should be organised. 

4. Preliminary evaluation of ZPB 

The ZPB project has been run already for almost 
two years, and still continues at the present. It is 
too early to present the full results of the whole 
project, but some conclusions are evident from 
the preliminary questionnaire studies carried out 
at the end of the first-year cycle of ZPB course. 
The limited size of this article does not allow to 
discuss all the collected data in full, therefore 
only some most general conclusions are 
presented below. 
Teachers who have conducted the ZPB activities 
(24 persons) express very favourable, even 
enthusiastic opinions about the course. 
According to them, ZPB activities address 
correctly the main goal of the project, focusing 
on developing practical and exploratory skills 
that have limited chance to be acquired during 
the regular Science, Biology, Chemistry and 
Physics classes. Students actively participate in 
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ZPB classes, showing positive, emotional 
attitude to the realised tasks: they discuss, ask 
questions, seek answers in available sources, co-
operate with one another and with a teacher, 
present their achievements. 
Even the students who are rather passive on other 
classes, have shown substantial engagement 
during the activities. 
ZPB course develops the students' interest in 
natural sciences, stressing the unity of all natural 
sciences. This enhances the chance that students 
will pursue that interest in the future education. 
Skills acquired on ZPB activities will be helpful 
in their further learning and adult life. Teachers 
see also the synergy effect: active participation in 
ZPB results in better performance on other 
classes (Science, Biology, Chemistry, Physics). 
In general, teachers positively assess the 
components of the ZPB course: modular 
textbook, internet platform, scoring scheme, 
though they also have come up with many 
valuable suggestions of improvements. 
Teachers are unanimous that there is a genuine 
need for such a course in the curricula of upper 
primary and lower secondary schools in Poland. 
In their opinion, it is entirely plausible to 
introduce the ZPB course from the organizational 
point of view, though they are far from thinking 
that it could be just added to the existing courses. 
They see it rather as a complex reworking of 
existing school programmes to accommodate 
ZPB with no substantial increase of student's 
time spent on classes. All teachers stress the 
importance of well-equipped school laboratory 
and appropriate funding as the critical condition 
for the ultimate success of the ZPB course. Some 
of them do not feel comfortable with the 
interdisciplinary character of ZPB. They point 
out, that it is difficult to run ZPB activities in the 
area of one discipline (e.g. chemistry) by the 
teacher who is a specialist in another discipline 
(e.g. biology). Since the special workshops for 
teachers carried out at the preliminary stage of 
the projects seem to be not sufficient, the 
development of a special guide for teachers with 
detailed instructions and safety measures is under 
way. 
Teachers' views are generally shared by the 
students, who have taken part in the ZPB 
activities (total 1199 students), though 
conformity of their opinions is lower (70-85%). 
Students generally accept the innovative formula 
of ZPB, seeing the activities as interesting and 
inspiring. They have acquired and developed 
their practical skills in using laboratory 

equipment and modern communication means 
(interactive whiteboard, internet platform). They 
feel satisfied because of their participation in 
ZPB and they declare the increased interest in 
natural sciences and further education in this 
direction. Surprisingly, students' views are not 
biased by the gender stereotype – most of them 
think that women can have the same 
achievements as men in the professions related to 
natural sciences. 

 

 Table 1. A point scoring scheme proposed for 
the assessment in ZPB [5] 
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Reception of ZPB by school authorities (7 
persons) has been equally warm. Directors 
support the idea of introducing ZPB to the 
curricula. They also welcome new, well-
equipped laboratories in their schools. As a result 
of the project, some schools spontaneously 
decided to erect their own hothouses for carrying 
out biological experiments. 

5. Conclusions 

After the first-year cycle of ZPB course in 
selected Polish primary and lower secondary 
schools, the opinions of all important 
stakeholders of the project: students, teachers 
and school authorities, jointly point out that this 
course is very desirable in modern education of 
young people in Poland. The evaluation study 
paints a picture of non-conventional course, 
uniquely developing practical and exploratory 
competences, engaging students by its attractive 
formula, creating a positive image of natural 
sciences and complementing traditional science 
education at schools. This positive opinion is 
accompanied by the conviction, that introducing 
the ZPB to national curricula of upper primary 
and lower secondary schools is absolutely 
plausible, though this is a complex process that 
requires taking into account many other factors. 
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Abstract. Constructivist approach to 
mathematical education and inquiry-based 
mathematic instruction in mathematics are 
among educational scientists considered 
suitable, good and sometimes necessary 
alternatives to traditional approach. 
However, it is not a government, school, or 
researchers who make a key decision about 
whether this method is applied in practice or not. 
The key decision depends on a teacher and 
his/her beliefs about mathematics and its 
teaching. 
Therefore, if we want to improve the quality of 
mathematics teaching in Slovakia, we need to 
understand beliefs of Slovak teachers about good 
education and afterwards find ways to influence 
these beliefs in a positive way. 
These goals were achieved through qualitative 
research based on the following questions: 
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- What beliefs about mathematics and its 
learning do Slovak teachers have? 
- What are the beliefs of Slovak teachers 
about constructivism and inquiry based 
methods? 
- What is the base of their beliefs? 
- What are the ways to influence these 
beliefs? 
These questions were answered by a 
qualitative analysis and interpretation of 
data obtained through in-depth interview 
with teachers of mathematics and 
observations in classrooms. 

Findings and conclusions of the research are 
presented in this paper. 

Keywords. Beliefs of teachers, constructivism, 
inquiry based science education 

Introduction 

Constructivism is a theory of learning, which 
was produced by psychologists like Jean Piaget, 
Lev Vygotsky, and Jerome Bruner whose point 
of view was different from that of behaviouristic 
theory based on principles of operant 
conditioning. Constructivism underlines that 
everyone constructs his/her knowledge by 
him/herself. This means that it is impossible to 
teach a person without his/her own activity. At 
present, education systems in various countries 
are experiencing the same opinion gap as 
cognitive psychology at the beginning of the 20th 
century. Is it necessary to let children “construct 
their knowledge by themselves” through inquiry 
or is it better to give them direct instructions? 
We have experienced both of ways. Research 
and educational policy emphasize the need of 
transformation of our educational system into 
inquiry based. In contrast, many teachers do not 
adopt this approach in such a way which would 
be measurable by international assessments 
(TIMSS, PISA, etc.). One of the reasons is 
beliefs of teachers about mathematics and its 
teaching (in Guffin, 2008). Therefore we decided 
to answer these research questions: What beliefs 
about mathematics and its learning do Slovak 
teachers have? What are the beliefs of Slovak 
teachers about constructivism and inquiry based 
methods? What is the base of their beliefs? What 
are the ways to influence these beliefs? We 
consider a qualitative methodology the best way 
to find the answers. The methods are described 
in the next chapter. Next, we analyse 

constructivism as “asking the right questions” 
and then we identify teachers´ beliefs which 
make them decide about whether they will teach 
in constructivist way. In conclusion we provide 
suggestions concerning future research and 
practice. 

Methodology 

In our research we cooperated with three 
experienced female teachers from Košice. All of 
them signed informed consent in advance. The 
teachers´ names were changed in this paper. 
Sophia is markedly constructivist oriented and 
she teaches at secondary grammar school like 
Catherine whose opinion is not that clear and 
elements of constructivism occurred 
spontaneously in her teaching. Third, Julia, 
teaches at elementary school and employs 
methods similar to Catherine´s. First, we 
observed two lessons and then we conducted an 
in-depth interview. It was followed by the second 
in-depth interview a week later. The creation of 
observational scheme and formulation of 
interview questions were inspired by The 
Questioner of Mathematical Beliefs (in Guffin, 
2008). Later, we transcribed the interviews. We 
analyzed the data collected in this way by 
categorization, relations marking and creating of 
a theory. Research findings were sent back to the 
teachers to comment on their own quotes and 
correct possible distortions made by researchers´ 
interpretations. These quotes were not modified 
in the presented paper. They were translated as 
close to the original quotes as possible. 

Constructivism as “Asking the right 
questions” 

The lesson taught by Sophia to 13-14 years old 
children at secondary grammar school was 
strongly constructivist. She began with a task 
focused on repetition; we could classify it as a 
“routine exercise”. Two pupils solved it from 
behind the blackboard, the rest of class computed 
by themselves in their exercise books. 
Assignment was as follows: 

In my pocket there are “x” Euros. 
a) Peter has 3/5 of that. How much does he have? 
b) Johny has 1/3 less. Write an expression. 
c) Marta has 75% of my budget – from “x”. How 

much does she have in her pocket? 
One of the students standing behind the 
blackboard revealed the right solutions to the rest 
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of the class. The other one´s solutions were 
these: a) 3/5 from x; b) x – 1/3; c) x – 25%. 
Teacher commented on this situation later: 
“…when I have seen troubles which have arisen, 
I´ve considered it important to “chew” it. 
Otherwise, we won´t be able to move on with 
next word problems.” That is why she engaged 
the whole class and asked them the following 
questions: 

- If this is a problem for you, imagine a 
concrete number. How would you count 
it, if you had 300? 

- How differently did you count it? 
- Who of you got it right? (voting) 
- How did you get it? (asking the one 

without right solution) 
- Who has x – x/3? Who has x – 1/3 * x? 

Who has x – 1/3? (voting) 
- I imagine that I have 300. So how much 

does Johny have? 
- Ok. Why? (asking a girl who has 

problems counting it) Let her answer it. 
- Which of these expressions is right? 
- When I said that Johny has 1/3 less, how 

many thirds does Johny have? 
- Modify x – x/3! 
- Why is 2/3 * x the same as 2*x/3? 

The teacher seeing serious deficiencies of her 
students turned the routine exercise into inquiry 
tasks by asking all these questions. 
Another teacher, Catherine, teaches students in 
their first year at secondary grammar school. The 
topic of an observed lesson was Euclidean 
theorems. They focused on their utilization in 
construction problems. At the end of the lesson 
she provided the following problem and 
consequently she asked these questions: 

Let’s have a rectangle ABCD. There is a point X in 
it, which divides the rectangle into four triangles. 
Their areas are 4, 14, 15 and “?”. What is the area 
of the triangle AXB? 

- Any constructive idea?(short pause 
without ideas) 

- OK, when this is “b”, how much is this? 
- How do we count the area of the triangle 

AXD? 
- How do we count the area of the triangle 

BCX? 
- Do we know from this expression what it 

is? 
- Students: And now we will do the same. 
- When the area of green parts is 19, what 

is the area of non-green parts? (Two 
triangles are marked with a green chalk.) 

This problem is quite new for students and 
therefore it is very useful for inquiry. The teacher 
gave them only a short time to look for their own 
solutions. Then, by asking questions she changed 
the new problem into smaller familiar problems. 
Our observations and interviews point at the fact 
that the assessment of questions asked by 
teachers is crucial for determining whether a 
teacher teaches in constructivist way. In addition, 
it is obvious that time given by a teacher to 
students to answer the questions plays a very 
important role, too. Neither the type of a problem 
(routine exercise or inquiry) nor using a modern 
technique imply a type of solution (algorithmic 
or inquiry). Moreover, this specification of 
constructivism as “asking the right questions” is 
independent of type of school and its equipment. 
Asking the right questions depends only on 
teacher´s decision in the concrete lesson with the 
concrete class. Research confirms that an 
interaction between a teacher and a student is 
vital for performance of mathematical education 
(Kilpatrick, Swafford, Findell, 2001). In the next 
chapter we discuss the beliefs, which strongly 
influence teacher´s decision about whether 
he/she asks the right questions and whether 
he/she provides students with enough time to 
answer. 

Beliefs influencing teacher´s decision 
about way of teaching 

Beliefs about talent and effort 

Teachers consider a talented pupil, who also 
devotes effort, clearly successful in mathematics: 

„Practically, Anton is the one who is naturally 
intelligent. And because he was led at home, his 
parents used to give him some problems to solve 

all the time, so he was constantly improving“ 
(Sophia) 

In contrast, an untalented pupil, who does not 
take any effort, is not successful in mathematics: 

“Certainly, those children fail in mathematics 
who don´t have predispositions and who don´t 

even try to change that“ 
(Julia) 

There was a high consistency in opinions of the 
teachers. 
It is more interesting to see what teachers´ beliefs 
about situations are when one of these conditions 
is not fulfilled. Firstly, a pupil may be gifted but 
spares no effort: 
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“There are pupils who aren´t willing to learn 
at all, but because they pay attention during 

lessons, they can´t do worse at the exam, even if 
they wanted to. Simply said, they grasp it during 

the lesson“ 
(Julia) 

“There are many people in that class, who 
have the mathematical talent, but they didn´t 

want to improve. Lessons are „OK“, but math 
didn´t catch their hearts. So they sort of stunted“ 

(Sophia) 

It is obvious that teachers observed success in 
terms of school duties. However, they believed 
that there is some kind of failure, too, because 
students did not develop their abilities 
appropriately. It is the belief, which was quoted 
by A.H.Maslow (1954): “What a man can be he 
must be“ 

Secondly, we can target at students who are 
not talented, but they work hard. We reckon that 
the attitude toward this situation is the key in 
teacher´s work. There are several reasons: First 
of all, usually there are not a lot of students who 
are labelled as talented and, furthermore, this 
term is practically understood unprofessionally. 
Only occasionally a teacher knows results of 
psychological measurements. It is hard to 
distinguish if someone is not talented or if he/she 
does not develop his/her talent. Therefore, in the 
present paper we understand talent only from the 
teacher´s point of view. Moreover, a 
hardworking student is the one, who cooperates 
with a teacher – in other words, the teacher´s 
tasks will be fulfilled by the student (or the 
student will try to fulfil them). Due to this fact, 
teacher´s beliefs about possible success influence 
considerably what mathematical experiences the 
student will have. In addition, research (Riordan, 
Noyce, 2001) emphasizes that pupils taught in an 
inquiry way achieve better results than their 
peers taught by a direct instruction. We notice 
two types of beliefs: 

(1) “Those who work systematically, also at 
home, well, they won´t become geniuses, but I 

think, they can achieve quite a good level“ 
(Sophia) 

(2) “They can be partially successful. They 
can learn to solve some kinds of problems, 

especially the algorithmic ones, thus, they can 
earn it. But it will never be “IT“. Mathematical 
thinking won´t get into their minds, it can´t be 

learnt.” 
(Catherine) 

The teachers agreed on a principle determining 
the choice of problems for students: they were 
adapted to their level. But there was a noticeable 
difference between the methods which were 
chosen for their solutions. The teacher who 
believed that a hardworking student can give a 
good performance did not change the method of 
solution. She asked inquiry questions to both – 
talented and untalented students. The following 
is what she said about avoiding this approach 
with weaker students: 

“I reckon, when the students are weaker, and 
they don´t see it there, then it will be recognized. 

It means, that it will be obvious with weaker 
students first“ 

(Sophia) 

On the other hand, the teacher who understood 
talent as inevitable for success, used inquiry 
questions mainly in the class of clever pupils. In 
contrast, she chose explaining in the class with 
mathematically less skilled children: 

“Let´s say this class, where we were just now. 
They are a little slower, I can only occasionally 

give them thoughts to ponder and make links 
between them” 

(Julia) 

Beliefs about students´ preferences 

On the one hand, teacher´s beliefs about 
students´ possible results play a role in his/her 
teaching. On the other hand, it is also important 
to know what he/she thinks about students´ 
preferences, how they imagine a good math 
lesson. The teacher who is markedly 
constructivist guesses that students “like to think 
about it…” (Sophia) and even denies potential 
resistance of students, because it is her priority, 
to let her students think. Although it is not 
necessarily simple: 

“Sometimes, I was in situations, when I knew 
that some of the students weren´t listening to me 
but others were. Well, it certainly wasn´t with the 
younger ones. It was the older students, to have 

peace in the class. To avoid provocative 
questions, such as: “Why?”, “For what?”. To 

grasp the atmosphere in the best way, to explain 
in the most effective way, to get them where I 

wanted.” 
(Sophia) 

We assume that we should take into account the 
influence of class atmosphere, teacher´s own 
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answer to question “What is mathematics good 
for?” and ability of to motivate students as 
perceived by a teacher. To better explain the 
relations between these elements we need to 
integrate students´ opinions, too. That is why we 
do explore the relations in more detail in the 
presented paper. 

Beliefs about outer conditions 

Outer conditions are those which cannot be 
significantly influenced by teachers or students. 
These conditions can be a support, barrier or 
indifferent toward constructivist education. The 
teachers had difficulties with naming supporting 
conditions and they pointed out these barriers: 
too many students at lessons, lack of time, 
inappropriate textbooks and inappropriate 
preparation of teachers. The main difference 
between teachers is in their copying with the 
above mentioned barriers. For some teachers 
they pose a challenge; others perceive them as 
obstacles which cannot be overcome. In the 
following pars we discuss each of these 
conditions and based on our data we specify 
reasons for these differences. 

Too many students 

“I could imagine teaching a lesson in this way in 
a group of eight people. Certainly, it would be 
ideal. There we could work more effectively. If 
they worked in smaller groups, they´d compete 
with each other, everyone would make up some 

ideas, we´d discuss solutions …But I can´t 
manage teaching thirty-two children in this way” 

(Catherine) 

The teacher´s belief about a degree in which a 
large number of students in the class is a barrier 
to the constructivist education is dependent on 
his/her ability to manage the concrete class and 
also on his/her noise tolerance. The teachers 
agreed that lessons taught in a constructivist way 
are noisier and more difficult for classroom 
management. 

Lack of time 

“It is true, that I´m often late with my plans, 
when I teach in this way. I mean, it is true, when 

someone says he has some plan and he has to 
stick to the plan then he has to leave out 
something or teach it only superficially” 

(Sophia) 

Teachers face a dilemma between “everything 
but superficially” or “in-depth but not 
everything”. On the one hand, teacher´s 
perfectionism plays a role. This feature exerts 
inner pressure and forces him/her to do things in 
the way they are planned. On the other hand, we 
can see outside pressure, e.g. upcoming school 
leaving exams or admission exams, control of 
headmaster or school inspection. There is, 
however, the difference in how particular schools 
put teachers under this pressure and how teachers 
can cope with it. 

Inappropriate textbooks 

“So, in my opinion, textbooks and collections 
of exercises and tasks could help. Now, there are 

none. There are new textbooks by one author, 
and the textbook for the ninth class wasn´t even 
published. It was written by a different author 
and published but with millions of mistakes.” 

(Sophia) 

This objection can be interpreted in two ways. 
Firstly, a textbook may be inappropriate for an 
individual teacher, because it is “too 
constructivist”. Its use in the classroom requires 
more time and extra preparation for a teacher. It 
is important to consider teachers´ experiences 
with textbooks written in other than a 
constructivist way. So it can be expected that 
they will have troubles with new type of 
textbooks. 
Secondly, a textbook can be “not enough 
constructivist”. It is true, that students should use 
and search for more learning resources (NCTM, 
2000). But in these days it is a teacher, who often 
has to do that. Inexperienced teachers could have 
serious difficulties in finding appropriate 
resources or creating their own teaching 
materials. Finally, to be a teacher does not 
automatically mean that a person is exceptionally 
creative and skilled to prepare good materials. 

Inappropriate preparation of teachers 

“Anyway, it is necessary to become familiar 
with this method. Teachers themselves should 
master the issue. Because if they want to do 
something well, they have to know what it is 

about. So, they should self-study or attend some 
lectures, simply said, acquire knowledge and 

then apply it in practice” 
(Catherine) 

The preparation of pre-service teachers is a great 
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challenge. Pre-service teachers nowadays have 
no personal experience with constructivist 
education. Research pinpoints that sufficient 
preparation of teachers in terms of applying a 
new method is one of key determinants which 
influences its putting into practice (Klein, 2004). 
Nevertheless, there are teachers who employ 
constructivist methods, which could be 
accounted for by their personality type which is 
“naturally constructivist”. They have a great 
need for self-reflection, they look for chances to 
improve their teaching, they share their 
experiences with colleagues, they are creative, 
etc. 

Conclusions 

To sum up, we can say that we observed a 
strong relation between the beliefs of the 
teachers proclaimed in the in-depth interview and 
their teaching methods observed during their 
lessons. This is fact that we assumed before we 
conducted our research based on the previously 
published data (in Guffin, 2008). We have 
considered the constructivist education as 
“asking the right questions”. This point of view 
enabled us to ignore the type of school and its 
equipment. Then we listed the beliefs influencing 
teachers´ decisions about whether they will “ask 
the right question”, namely: beliefs about talent 
and effort, beliefs about students´ preferences 
and beliefs about outside conditions. Future 
research could involve students and possibly 
measure beliefs of teachers in a quantitative way. 

Based on our findings we add to those 
researchers who emphasize the following 
recommendations: 

- In teachers´ education pay more attention 
to: 
 Education about constructivism as 

the theory of learning, 
 development of their ability to 

manage a class effectively, 
 development of their ability to 

motivate students. 
- Concerning teaching materials, they 

should include student´s books as well as 
teacher´s books or a methodological 
guide for a teacher should be provided.  

- Priority of quality over quantity should 
be clearly communicated and endorsed 
by the number of lessons in accordance 
with the curriculum. 
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CYBERNETICS FROM THE 
POINT OF VIEW OF THE 
HANDS-ON PRINCIPLE 

Max Igor Bazovsky 

Abstract. In this paper we introduce a three-
phased person model (TPM) to provide a model 
of the student in the learning process, to provide 
insight into learning, and to provide Hands-On 
activities related to the TPM. TheTPM is a 
metacybernetic model of the student, with a semi-
duality in the nodes of the feedback loop. This 
Duality in Learning provides the student and 
teacher with new opportunities for better self 
regulation, and better “self-production” as 
students/teachers. 
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Keywords. Three-phased Person Model, TPM, 
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1. Introduction 

Cybernetics is the science of control by feedback 
signals. That is, the output of a system is 
controled to lie within a desired range of values 
by observing the output and taking action to 
regulate it.This is what education is about. After 
a brief discussion of some early cybernetic 
components we focus on meta-cybernetics, 
which in general is an excellent method for the 
highest form of self development. Then, to be 
more specific we use metacybernetics as a 
constructivist tool, a method to gain insight about 
teaching and self-learning. 

1.1. Automatic feedback 

This occurs in some designs, such as, 

a. the Watt steam controler, which controls 
by centrifugal force lifting or lowering 
two balls which in turn open or close a 
vent for steam 

b. the bimetalic switch which controls the 
input signal to a room heater or cooler by 
means of uneven expansion of two 
different metals joined together. 

c. The pressure cooker spring loaded vent 
valve; a safety device controling 
pressure.The electric fuse, another safety 
device, controling current 

d. Intelligent raffic lights for traffic control 
based on sensors inplanted under the 
road surface, to sense the presense and 
flow of cars 

1.2. Human-in-the Loop feedback 

There are many examples: gas pedals, faucets, 
switches, policemen directing traffic at a football 
game or at a Rock star concert, etc. The human 
observer is also the decider in how to control, 
and when to control. We can call him/her/them 
the OD, observer/decider. 

2. Innovation and Design As 
Metacybernetic Activities or Projects 

Metacybernetics, or cybernetics of cybernetics 
(Refs.1,2) is the science of looking at cycbernetic 
systems from a wider, and/or more abstract 
perspective. It is theoretically interesting as a 

reflexive activity. It is a sort of controling the 
controler- - However, when we abstract the idea 
of “control” we realize that “controling the 
controler” really means innovation of any sort! 
This understanding of metacybernetics helps and 
encourages the students to become innovative. 
What is needed is to provide feedback to make a 
solution that fullfills the original purpose and this 
will be done according to the consciousness and 
knowledge of the student. 
We get a better idea of metacybernetics when we 
consider that Ramaprasad (1983) defines 
feedback generally as "information about the gap 
between the actual level and the reference level 
of a system parameter which is used to alter the 
gap in some way", emphasizing that the 
information by itself is not feedback unless 
translated into action. (Ref 3) 
However, we propose, that “gap” needs to be 
replaced bysomething much more general in a 
metacybernetic context of education. We propose 
that the “gap” is the difference betweeen “What 
is” (in a fixed limited focus of the student “as 
is”) and a “vision of what the student could 
become”. In this “incorporation”, there might not 
yet be a definite “reference level”, just a feeling 
of disatisfaction. The student/teacher then has 
another “gap” to “solve” first. Before he/she can 
close the “original” one that gives a solution, a 
more definitive diagnosis is needed. The 
secondary or instrumental gap is the gap is 
between the feeling of disatisfaction and the wish 
to solve the cause of the disatisfaction. This 
secondary gap can be closed by finding some 
technologically realizable possibilities for 
solving the problem. 

3. Duality in Learning: the Student as a 
Cybernetic Learning System 

The learning process occurs by means of 
feedback loops such as learning from mistakes. 
Other sorts of feedback loops are, asking 
questions and getting answers, getting homework 
and responding to it, taking challenges and 
making efforts to solve them. In general these all 
are about getting information or stimuli and 
responding to them, creatively by means of 
various feedback loops that are key in 
student/teacher growth/development. This is 
modeled in Figure 1, described next. 
There are four types of main nodes or 
components in the feedback graph of the TPM of 
the student/teacher. Each type appears exactly 
twice, but the “pairs “are different and separate. 
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Thus the feedback graph has eight nodes that are 
grouped together into four pairs to give two 
value systems, two project systems, two worlds, 
and two types of decision systems. (By 
“projects” we mean a set of coordinated action 
deliberately chosen by the student to achieve 
some values. 

 

Figure 1. The Eight Nodes and Four Feedback 
loops of Student Growth 

There are four types of main nodes or 
components in the feedback graph of the TPM of 
the student/teacher. Each type appears exactly 
twice, but the “pairs “are different and separate. 
Thus the feedback graph has eight nodes that are 
grouped together into four pairs to give two 
value systems, two project systems, two worlds, 
and two types of decision systems. (By 
“projects” we mean a set of coordinated action 
deliberately chosen by the student to achieve 
some values. 
It is this duality that makes the TPM so useful 
and important, as the following detailed 
definitions will indicate, 

V1 the value system driven by 
hormones, feelings, moods and 
general body functions with little or 
no intercesion from the mind 

V2 the mentally developed value system 
that is built up by the mind through 
the student’s learning experiences 
and the reactions to them 

P1 The projects that are actually 
designed, or chosen, to accomplish 
chosen values from V2 

P2 the projects that are intended to be 
designed or chosen to accomplish the 
deliberately chosen values of V2 

W1 the real world, or “neck of the 
woods” in which the student lives, 
including economic, social and 
stressor-physical environment 

W2 the world that the student’s mind 
builds up and develops over time. It 

is the world as the student pictures it, 
and thinks he/she lives in 

D1 The decision system which the 
student uses during/in the project, or 
“in medias res” when executing a 
particulr project and making “in the 
midst decisions 

D2 the decision system that the student 
uses “post hoc” 

The nodes in the feedback graph in Figure 1 
show how the student changes during the 
education process. For example, the student can 
decide to react to a poor test result by either 
droping the course, restudying the material, 
changing majors, or making more drastic (e.g., 
disciplinary) changes to his/her lifestyle These 
changes are modeled into the graph as the 
feedback to the various nodes. 

3.2. A Model of the Mind-Body Complex 

Figure 2 shows the body (body box) situated in 
the systems of the world, and then the mind 
(mind box) proceeding from the body. V1 and 
V2 are the two value systems also shown in Fig 
1. The body is affected by the society, by 
education, by family interactions. The signals it 
receives are processed in the brain, by the mind. 
The mind interprets the sensor signals then it 
strives to explain and understand them in terms 
of predictabilities and patterns. (These patterns 
are interlaced with the babies/child's/student’s 
actions). Finaly it makes decisions to alter his/her 
W2, and V2 and now we are already “deeply” in 
the feedback loops in Fig.1. 

3.3. Details of Mind Cybernetics: Start-
Ups, Closing the Gaps 

The baby's mind learns through the body's 
reactions, to develop pictures of the world. It 
reaches out and touches. It picks up and turns an 
object. It is developing its very elementary 
Mental World W2. It couples the body's actions 
with the use of like/ don't like, or pain and 
pleasure. It is using the body's V1 value system, 
a given of pain registers, and pleasure reactions 
(nerves, hormones) to open gaps, or close them.. 
It is making decisions based on W2 and V1, and 
in doing so it is learning/ exploring W1 as well 
as developing itself.. In a way we can say the 
baby is „modifying gaps“ in a cybernetic sense.
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Figure 2. The Mind-Body Complex Flows and 
Mental Productions 

As the baby grows in disernment, it learns to 
predict the pain or pleasure per learning some 
truths as consequences to actions and things. 
Now, with this predictionability, the baby is 
developing a mental value system, V2., and starts 
making decisions by coupling the growing W2 
with the growing V2. At first the W2 has very 
small overlap with W1, but this continues to 
grow with experiences that the baby's mind-body 
complex encounters in the higher entities. 
As the child becomes more „savy“, there is a 
more purposeful attempt to build a good W2. 
E.g., when it encounters new phenomena, new 
experiences it sees things, it asks questions. It 
seeks to understand, explain things All this in 
W2. Finally it decides what to do to V2, and to 
W2, even if this decision takes place 

subcosnsciously. 

4. Hands-On Activity 1, Human Sensor 
System 

Figure 2 shows inputs to the sensors in the body 
box. What are these sensors, or senses? Activity 
1 studies thesenses in more detail. 

4.1. Starter Activities. 

Students are to discuss sensors, using a Hands-
On, Minds-On approach. 
Discussion: it might be a semantic problem 
whether everything into the body is „sensed“. 
E.g., if the conscious mind does not sense it, then 
the body still can be harmed, and it is a question 
whether the subconscious mind „knows“ this, 
and if so, in what „sense“, does it know? Are 
there more sensors than the five senses (seeing, 
hearing, smelling touching tasting). E.g., sense of 
nausea from foul toxins, even if there is no sight 
or smell to the gas being breathed, or a sense of 
temperature, etc. Certainly the brain, and hence 
the mind is affected by inputs other than those 
coming from the „classic five senses“.Cf, the 
mathematician and physicist Blaise Pascal, said, 
in a rather punnish way,  
„The heart has its reasons of which reason knows 

nothing.“ 
We also note that in a certain „sense“, 
The body has senses of which the conscious 
mind knowls little or nothing. 
Students list as many senses as they can think of. 
They discuss the conscious/subconscious aspect 
of sensing, and agree on a less ambiguous, more 
precise definition of sensors - -at least for the 
purposes of their current 
understanding/decisions. 

Activity 1: One question is about the 
interrelation of senses. E.g., can you tell where a 
sound is coming from when your eyes are 
closed? When only one ear is used? Is there a 
significant difference between sound from the 
back and from the front of the body? 
Answering this involves students blindfolding 
one of them while another moves a sound source 
(bell, beeper) around. 

Activity 2: Another experiment involves students 
mapping their visual field using pins with a nice 
colored blob of cotton wool, while one student 
sits with eyes fixated constantly on a spot 
directly in front, on the booard where the pins are 
being placed. This way the students map the 
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boundery of the limits of seeing (of „STILL“can 
see”, and „NOW, it disappeared“). 

Activities 3, 4 and 5: Taste, Smell, and Touch are 
nicely descibed in “Neuroscience for kids” 
(Ref. 4). 

5. Hands-On Activity 2, Reaction Times in 
Humans and in Cybernetic Feedback 

We know that reaction time is important in 
feedback. Who has not experienced a room 
temperature airconditioning system that “hunts”, 
i.e., that overshoots to very cold temperatrures 
and then overshoots to hot temperatures? 

Activity 1: To show that different people have 
different variable reaction times. Each student is 
tested with “catching the stick” activity. A stick 
is placed just above a student’s hand, and let go 
withoput warning. The “experimental subject” is 
to react by catching it.between thump and 
pointing finger. The length of fall of the stick is 
measured and recorded for each student on 
various times, and various days. Each student 
then draws a graph of their results. 
As an add-on activity, the stick can be given a 
push. Yes this will be a variable push, but the 
results will still be relevant. They show that 
reaction time is aslo a function of how quickly 
the “controled” signal is changing. 

Activity 2: To simulate how hunting can occur if 
the reaction times are slow with respect to the 
output signal being regulated. This student 
simulation game-activity illustrates the influence 
of delays upon the feedback system. The control 
signal must arrive in time before unwanted 
effects occur in the controled output. The 
following simple game illustrated this nicely. 
Required materials 

a. a set of different graphs such as two 
parabolas, one on a vertical axis, the 
other on a horizontal axis, an S shaped 
curve, and various other curves, 
including oscillation curves, drawn on 
graph paper with Time as the horizontal 
axis, and parameter Magnitude on the 
vertical axis. Each graph has its number. 
They are numbered consecutively. 

b. A set of easy linear kinemtic problems 
that can be solved in a minute or two by 
the students (e.g., problems stemming 
from the equations of motion in E1 
above). 

Activity 3: The students simulate control of the 

temperature of a device with a “known” response 
curve, given by its graph of uncontroled response 
(e.g., growth) and its feedback response curve 
that shows how the output temperature decreases 
when it recieves the signal. 
Simulated Delays The delays in control are 
simulated by the time that a student takes to 
solve a problem picked at random from the 
problem box. Then a student reads off the 
appropriate graph to determine what level the 
output temperature has reached (it could be 
critical, (meltdown) if the problem is not solved 
at all, or it could be “damaged” if the solution 
arrives late.). If the solution is timely, the other 
graph gives curvers for the temperature control. 
Overshoots can be modeled in this way too. If 
the overshoot is large, and the reponces are 
always a little too long, “Hunting occurs”. This is 
simulated too. 
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Abstract. The paper summarized ten years of 
"SCHOLA LUDUS: Experimentáreň" summer 
camps focused on active inquiry based non-
formal physics education. Presented are 
didactical principles, goals and working methods 
used in summer camps. 

Keywords. non-formal education, physics, 
summer camp 

1. Introduction 

SCHOLA LUDUS project is focused on non-
formal, progressive education for all, through 
personally gained experience in context of 
environmental imperatives. Its integral parts are 
scientific-cognitive programs and thematic tasks 
in the form of games, creative-discovery 
workshops, three-dimensional exhibits, non-
traditional multimedia and a unique science 
popularizing and educational websites [1, 2]. 
Since 2003 SCHOLA LUDUS realized every 
year the physics summer camp Experimentáreň 
at the Faculty of Mathematics, Physics and 
Informatics, Comenius University, Bratislava. 
The camp is intended to children aged 9-15 
years. They observe natural phenomena, perform 
experiments, build their own measuring 
instruments, discuss and play for a period of five 
days. 

2. Addressees 

Main addressees of the SCHOLA LUDUS 
summer camp Experimentáreň are children at 
lower secondary school level. There is no other 
limitation except of age. 
According to a constructivists view ages 9 to 15 
sees a finish to the concrete operational stage (till 
11) and the beginning of formal operational stage 
(between the ages 11/12 to 14/15). Therefore this 
age is characterised by a shift from action 
(doing) to mental operations which are at first 
connected with concrete subjects. Younger 
children cannot list factors which influence some 
phenomena. If they look for the cause of the 

phenomena, they begin directly with action – 
trial and error. They are capable of concrete 
problem solving. They are good in inductive 
logic. Older children can design a hypothetical 
list of factors and inquire each factor separately. 
They become able to think about sentences, 
whether they are true or not and began to 
understand the process of hypothesising. 
Successively they are able systematically test 
hypotheses and consider several aspects of the 
phenomena at the same time. Little by little they 
can use and construct abstract concepts and 
generalize. 
Though Experimentáreň is a physics camp, 
neither former science education nor talent is 
required. In fact most of participants are 
interested in science and technology. But some 
children come to the camp because of their 
parents’ interest and persuasion, that 
participation in the camp can help to build 
positive attitudes to science education.  

3. Goals 

The main goal of the camp SCHOLA LUDUS: 
Experimentáreň is to inspire children with 
science, maintain their curiosity and encourage 
their discovering. 
The general goal of all educational activities 
realized in summer camps Experimentáreň is to 
develop children’s cognitive skills: to define the 
problem, ask questions, produce and verify 
hypothesis, propose an experiment and perform 
it, collect and interpret experimental data, solve 
the problem creatively and, last but not least, to 
be aware of own cognitive progress – to 
understand the value of knowledge and value of 
the way it was constructed. The emphasis is put 
on development of competencies to obtain, to 
prepare and to evaluate information; and to 
development of communication skills including 
ability to enforce own opinion in an appropriate 
manner, to argue as well as to listen and accept 
other opinions. 
Nowadays children, especially those, who live in 
urban area, have only little opportunity to 
gadgeteering. They have very limited experience 
with handling various materials and with using 
technical instruments. One of our goals is 
therefore to give participants opportunity to fill 
this gaps. 
Besides cognitive goals, communication and 
interpersonal competencies are developed. 

  



10th International Conference on Hands-on Science 
Educating for Science and through Science 
© 2013 HSci. ISBN 978-989-98032-2-0 

 

 

47 

4. Program set-up 

In the first year the program of the summer camp 
was composed as a set of five relatively 
independent parts. Each day was focused on 
specific physics branch. Activities were 
interconnected through stories of baron 
Munchahausen and the task: Decide which part 
of the story is a truth and which is a lie. The 
content variousness increased participants’ 
possibility to meet their preferred branch, but at 
the same time decreased possibility of in-depth 
understanding. Since the second year the 
scientific program of the camp was focused each 
year on one special topic – either part of physics, 
or a material used for experimentation. 
Seemingly this is a constraint. In fact it enables 
immersing into the topic encourage deeper 
understanding. 

2003 – Unbelievable adventures of Baron 
Munch-hausen, or what is a truth and what 
is a lie?; 

2004 – Optics; 

2005 – Balloons; 

2006 – Water; 

2007 – Acoustics; 
2008 – Centre of gravity; 

2009 – Paper physics; 

2010 – Energy; 

2011 – Meteorology; 

2012 – Food physics. 

The scientific content of the camp is chosen in 
order to attract children’s interest and support 
understanding the role of science in various areas 
of our lives. 
The requirement of the accessibility of 
investigated phenomena, their connection to 
participants’ daily lives and the possibility to 
make connection to contemporary science are 
taken into account during development of 
particular activities. 

5. Experimentáreň 

The name Experimentáreň means the place 
where experiments can be carried out. The 
summer camp SCHOLA LUDUS: 
Experimentáreň is a unique space for: 

- children’s experimentation - mainly with 

natural phenomena and real object; 
including the process of planning the 
experiment and children’s respective 
interpretation of results, 

 

Figure 1. Making a wind indicator, 2011 - 
Meteorology 

- authors experimentation – with different 
forms and methods of teaching and 
learning, with different types of 
motivation, stimulation of cognitive 
processes and feedback.  

- The basic approach used in camp is 
inquiry based learning that is hands-on, 
minds-on and hearts-on. The summer 
camp Experimentáreň helped to develop 
the form of creative-discovery workshop 
(CDW) [3] and educational game as a 
teaching method [4]. The SCHOLA 
LUDUS learning cycle [5] is applied.  

- pre-service and in-service teachers 
experimentation - first-hand experience 
with innovative teaching methods, 
educational activities, unique opportunity 
to investigate children’s alternative 
concepts and approaches. Because the 
teachers’ presence influences children’s 
feeling of freedom and comfort, separate 
camps for teachers are offered. Selected 
activities developed for the summer 
camp are published every year as 
teachers’ guides. 

6. Experience 

Children’s (and parent’s) annual interest in 
summer camp SCHOLA LUDUS: 
Experimentáreň proves that designed programs 
are attractive to them. Approximately two third 
of participants took part in the camp more than 



10th International Conference on Hands-on Science 
Educating for Science and through Science 

© 2013 HSci. ISBN 978-989-98032-2-0 

 

 

48 

once, arranged truly friendly relations to other 
participants as well as to facilitators. 

 

Figure 2. CDW Deformation, 2012 - Food physics 

Children’s replies show that the suggested 
activities respond to their interest, and stimulate 
their knowledge and skills development. 
Children are not used to work systematically. 
Most of them are satisfied with first idea, first 
solution. Without facilitator guidance children do 
not critically analyze their proposed problem 
solutions and realized them immediately. 

 

Figure 3. Modelling game, 2004 - Optics 

It is necessary to hold children’s concern for 
presented issues by continuous questioning and 
step by step raising difficulty of tasks. 
Motivation through the whole-week-story 
providing the learning context and the whole-
week-competition are well proven. The prize is 
not important. Children just like to be admired. 
Creative-discovery workshop and conclusive 
game, where children demonstrate acquired skills 
and knowledge are identified as the most popular 
forms of activities. Several workshops and 
games were adopted for using in school science 

education. 
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Abstract: The reality is investigated either by 
science or by art. Science and art are areas 
considered often distinct. In this paper I support 
the idea as well as, between them, there are not 
only differences but also many similarities. 
The reality, the surrounding world is better 
investigated, explored, understood, played back, 
interpreted and used by dialing to both aspects: 
science and art. A comparative analysis is 
interesting. Science and art are complementary 
because society needs both civilization and 
culture. In a way, doing science is an art, but 
also science is a rigorous field based on logical 
reasons. Scientific knowledge is possible in the 
repeatable events or processes. Science tries to 
represent fundamental aspects of reality. In fact, 
there is no understanding without symbols or 
abstraction. This is the level of mind where 
imagination was born. Art is not reflected by 
definitions. Here is a clear distinction between 
science and art. Art handle or reflect unique 
events, unrepeatable moments, inimitable points. 
Art expresses knowledge, is linked to science but 
is led through the eyes of the author, and is 
presented in terms of author emotions having 
individual tent. 
Knowledge of reality through simultaneous use 
of the two methods, science and art, occurs less 
in the school curriculum in Romania. In school 
textbooks this aspect is represented only in some 
optional lectures. I support the idea that using 
simultaneously the method of investigating both 
by science and art, would increase interest and 
attractiveness to study science. Thus, we should 
start by introducing lessons in the curriculum on 
which the two aspects interfering and especially 
in the clubs for students with extracurricular 
activities, summer schools, long term projects 
etc.  
For specialists is necessary, of course, delimiting 
the domain of investigation. For students, 
however, use of interactive investigation by 
science and art has undeniable advantages: 
harmonious development, discovery of 
unsuspected, hidden talents, increase creativity, 
imagination and spirit of investigation. 

The paper contains basic ideas on ways or 
modalities of investigating reality through 
science and art. Are highlighted personalities of 
humanity belonging to both categories, without 
being able to put borders between areas to which 
they belong: Leonardo da Vinci, Jules Verne, 
Escher. They are complex minds or talents, fine 
observers, investigators, interpreters and 
connoisseurs of the mysteries of nature. 
In this paper I propose several topics for 
interactive study of phenomena or aspects of 
nature, accompanied by several arguments, 
indicating the possibility of their use in both 
areas: science and art, together in school. I have 
obtained good results with students by 
supporting of such lessons. 
I’ll do some references on my participation to 
mobilities in Lifelong Learning, for continuous 
forming of teachers, in Comenius, Study Visits 
and Grundtvig programs. 

Keywords: abstract representation, 
architecture, art, biology, chemistry, classroom, 
comparative analysis, complementary domains, 
computer, computer graphics, computer 
drawings, creativity, decorations, different, 
emotional, investigation, interpretation, 
knowledge, literature, mathematics, music, own 
perception, painting, paradigms, physics, reality, 
repeatable, science, science fiction, similar, 
unique. 

1. Introduction 

The world is as we see and how we feel! 
Science and art develops due to the experience 
(Aristotle). I’ll quickly memorize a few 
examples about how much humanity has 
accumulated experience from Aristotle to the 
present, focusing on science-art symbiosis. 
I teach physics for 37 years in a high school. A 
few times I have the opportunity to apply what 
I'll support below. Most of the methods proposed 
in the present paper I support in extracurricular 
activities because curricula in Romania provides 
and allows very few lessons of this kind. These 
activities are: the club "Friends of Science and 
Art", workshops, roundtables, meetings with 
scientists and artists, symposia, publications in 
the school magazine, creative competitions on 
topics of science festivals, sketches with these 
themes. 
I begin by quoting some of the personalities 
opinions about aspect of duality Science-Art: 
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“Why does the eye see a thing more clearly 
in dreams than the imagination when 

awake?” 
Leonardo Da Vinci 

“The most beautiful thing we can experience 
is the mysterious. It is the source of all true 

art and science” 
Albert Einstein 

“You see things; and you say why? But I 
dream things that never were; and I say why 

not?” 
George Bernard Shaw 

“The most exciting phrase to hear in 
science, the one that heralds new discoveries, is 

not “Eureka!” … but “That’s funny!”” 
Isaac Asimov 

2. About cognition and our brain 

Our left-brain is home for our linear and 
mathematical side. Here lives the part that enjoys 
systematic planning and outcome measurements, 
research databases and long check-off lists. 
The art of fundraising is primarily right-brained. 
Perhaps our most important right-brain 
fundraising tool is our ability to listen to and tell 
stories. 
Why is this distinction important? Because by 
understanding both the science and art of 
fundraising, we can help somebody reframe his 
life, moving from scarcity to abundance. 
Should use both left and right our brain, the 
linear and creative parts of our brain. 
There are Bridges between the two sides. Some 
people have brains developed very special with 
many bridges! We believe that the early years of 
education in both directions are important. The 
human brain is the most complicated and 
mysterious thing. Each person has brain 
structured differently so that we can say that on 
the Earth is billions of ways of perceiving the 
world. 

3. Differences which separate art from 
science 

Science and art are fundamental creations of the 
mind and understanding, serving to reflect reality 
and to shape nature from spiritual and practical 
needs. 
So, where exactly is the separation, barrier 
between art and science?  
Addressing simply to this problem we can 
separate science from art.  

When we think about the scientific process, a 
specific vocabulary comes to our mind: 
experiments, objectivity, facts, measurements, 
research, laws. In the passive sense of the 
scientific paper, we imagine a perfect reflection 
of the real world. On the other side, paintings can 
be profound, but means products that influences 
and affects our senses, emotions and intellect. 
Science is useful, makes our life easier. Art is 
beauty, makes life more pleasant. 
Science is the study of how nature works in the 
universe. Art is expressing human’s emotions, 
feelings, and views about the world. 
Everything is science to the mind. Everything is 
art to the soul. 
Science is about establishing truth, while art is a 
matter of the perceptions of the creators. 
Science is the representation of natural order, 
while Art is the representation of human thought. 
We must proof things in science. We don’t have 
to proof anything in art. 
In science we explain, in art we create.  
When we talk about science we must be exact, 
logical and know how to explain or demonstrate 
on the basis of laws or theories with “art”. When 
we talk about art, whether it is music, painting or 
film, we appreciate its value through the impact 
it has on us, this value coming from the 
intertwining of talent and passion with “science”. 
Scientific truth is based on an objective analysis, 
while truth can’t avoid subjectivity in art. 
Knowledge in science is the researcher's own 
perception. In art, knowledge is emotive, based 
on aesthetic reflections. 
Scientific knowledge is possible for repeatable 
events or processes while art detects unique. 
Science can’t give up to the definition of the 
concepts which operates while art is not reflected 
in the definitions. 
Science is characterized by its universal 
character while art expresses the feeling of 
uniqueness. 
Language of the two forms of investigation, art 
and science, differ. 
Knowledge in science uses a specific language, 
unambiguous and builds unmetaphorical analogy 
with common language. The formal language 
establishes a functional dependency relationship 
between concepts. Definitions determine the 
connection between concepts and terms, ensuring 
the link between knowledge and language. 
Scientific knowledge should be public, and the 
transmission of knowledge is done by describing 
the respective process, by recourse to a language 
as close to natural. 
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Scientists employ a variety of advanced 
technologies that stretch their ability to observe 
events far beyond normal human experience. 
Using a satellite telescope, an electronic 
microscope, brain-scanning devices, particle 
accelerators, and other scientific instruments, 
modern research techniques and mathematical 
tools make it possible for researchers to: see deep 
inside our brains, discover everything possible 
about the Earth, Moon, and Sun, examine the 
behavior of various plants and animals, including 
humans, observe microscopic life forms, 
examine the tiniest known particles, search for 
life beyond Earth. 
Language of art resort also to concepts, but that's 
much closer to the natural and therefore better 
understood by the public. Expression in art is 
often rhetorical and knowledge in this area is 
actually a form of the personal experience of 
each artist. This knowledge is empirical and has, 
largely, a magic, supernatural substrate. Art is 
representational. Through the use of symbols, 
such as visual shapes and colors, musical tones, 
words, body movements, art represents, or points 
to, those things that we care most about. Art 
raises social and cultural awareness, makes the 
invisible visible, connect the improbable, breaks 
down artifice and presumption. 
Any reality that can be passed on artistic or 
technical or scientific way should be an 
abstraction. However, the abstraction in art is 
different from that of the science, because it 
tends to symbolize subjective experiences, 
feelings, emotions. 

4. Where Science & Art Intersect or Have 
Common points 

"Science and art are not separate each from 
other. They assist us in observing nature. With 
the help of science we can discover the routines 

of nature. Through art we can describe the 
emotions of nature." 

(Cheng-Dau Lee, Nobel Laureate in Physics) 

Scientists and artists have a lot in common. 
Science and Art need Each Other. 
Science and art are intertwined, representing 
nature in all it has more beautiful and deeper. 
They are complementary domains and in no way 
exclude each other. 
Centuries ago, science and art were not separated 
like they are today. An artist and a scientist were 
often one in the same person. Today, science and 
art are more specialized, more divided. But there 

is a new interest in closing that gap. Scientists 
are beginning to make art that is related to their 
work, while, at the same time, artists are 
incorporating scientific concepts into their art. 
Both are beginning to think like one another, as it 
used to be in the days of Leonardo da Vinci or 
Jules Verne. They are complex minds or talents, 
fine observers, investigators, interpreters and 
connoisseurs of the mysteries of nature. Many 
personalities of humanity belonged to both 
categories, without being able to put borders 
between areas to which they belong.  
Consider the Duomo (Milan Duomo/Cathedral). 
It is the result of collaboration of science with 
the art in human hands. Therefore the name 
expresses this (D'homo) 
One of the ways that artists and scientists 
confront change is to ask questions. At the center 
of most successful art works and scientific 
research is a simple question, something the 
artist or scientist is attempting to understand or 
explore. And it is our curiosity – the questions 
that we ask – that leads us to the kind of 
creativity that makes a difference. 
Art and science share the goal of identifying with 
nature, including a predictable fascination with 
human emotion, thought and behavior. Both 
science and art aspire to truth without 
compromise. Both challenge the way we see the 
world as individuals and community. 
Art and Science can be compared to the Chinese 
Taiji symbol „Yin and Yang” where Art is the 
Yin and Science is the Yang. Yin is the dark, 
passive, cold, mysterious part, associated with 
our imaginative, creative brain, while the Yang 
represents the luminous, hot, active, strong, clear 
part that is associated with the logical brain that 
enjoys science. The circle that encompasses them 
both represents everything, wholeness. In the 
Taiji symbol the Yin has a dot of Yang and vice 
versa meaning that every opposite has a part, or a 
seed of the other, and all is interconnected in the 
magical dance of life. In the same way Art and 
Science interconnect together making our life 
complete and beautiful. 
It is well known the theory of light duality 
affirmed in 1926 by Niels Bohr. Light behaves 
either as an electromagnetic wave or, as a 
particle, depending on the conditions of its 
interaction with the material. This aspect was the 
subject of much dispute among physicists. Niels 
Bohr solved this contradiction by saying that 
light is not just a wave, nor just a particle; it has 
a dual nature, are both, a wave and a particle. A 
similar duality exists between Art & Science. 
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Fiction. He used the enormous technological 
progress of his age as a catalyst for telling 
stories. He was passionate for science, was 
futuristic prophet, artist but also scientist, 
through the talent which he describes the 
mechanisms and nature in his famous novels as: 
A Journey to the Center of the Earth, Twenty 
Thousand Leagues Under the Sea, Around the 
World in Eighty Days, Captain Nemo. 
Dali was a Spanish artist (1904-1989), a 
surrealist painter, who performed essentially 
realistic representations of unrealistic subject 
matter. The subject matter itself is representative 
of something, but that depends on the painting 
and the artist. Dali was constantly concerned 
with theories that have revolutionized science: 
Einstein's relativity, the discovery of DNA. His 
paintings are strongly influenced by these 
scientific discoveries. Einstein, on special 
relativity theory (1905) showed that the time, as 
well as the space, is not an absolute, universal 
quantity, because is dependent on the observer, 
specifically, is relative to the system of 
reference, or to the speed at which travelling 
relative to another system of reference. In 1915, 
in the publication of general relativity, he further 
showed that gravity is a curvature of space-time, 
and that in higher gravity, time also slows down. 
This has since been confirmed experimentally 
countless times, to increasingly astounding, 
mind-boggling precision. Although Einstein 
achieved an unprecedented degree of recognition 
amongst the general public for a scientist, but his 
theories have not became instantly well-known 
to the average, non-technically-trained 
individual. However, at least among the 
intellectuals, including the artists, his ideas made 
some major waves. So, his most well-known 
work, Dali’s "Persistence of Memory" (1931) 
documents the warping of one of the 
fundamental pillars of reality, time itself. Dali 
illustrates how time can be fluid, as in a dream. 
But a more essential and threatening association 
concerns our dependence upon clocks. The world 
runs by the clock, scheduling events is essential 
for life to function normally. If clocks melt, time 
becomes meaningless, and there is no way to 
control activities, leading to chaos. 

Einstein’s theories on space and time are not 
only interesting but necessary to many fields of 
theoretical, experimental, and even cutting-edge 
applied physics. However, for most people, at 
least until we will travel to other planets at near-
light speed, or living in major gravity wells, time 

dilation and other relativistic effects, don’t seem 
to be a part of our everyday experience. But one 
of those effects, relativistic mass, turned out to 
be very relevant to the everyday citizen. Einstein 
showed that, since mass is relative to one’s 
velocity, but simultaneously, velocity is also 
related to one’s kinetic energy there is something 
called mass-energy equivalence. Einstein came 
up with the world’s most famous equation to 
show exactly what this equivalence represents: 
E=mc2. Forty years later, the top Allied 
physicists saw the fruits of their works. They 
figured out how to found energy from inside the 
atom, just as Einstein said, by converting mass 
into energy. This energy is practically boundless. 
Such a disaster has occurred in Hiroshima, then 
Nagasaki. Over 100,000 people died in two 
separate, very short moments. Dali represents 
this in a painting, called “The Disintegration of 
the Persistence of Memory”. Now he shows us 
the revenge of relativity theory. Dali’s new 
painting simultaneously depicts the end of the 
world as we know it. If even the atom itself, 
whose name means “indivisible” in Greek, is not 
safe, what is left to us? The apparent 
fragmentation of reality image, where all 
absolutes things seem to crumble, parallels the 
loss of security and permanence in everyday life 
in the post-war era. Imagine the sense of vertigo 
after two cities are wiped off the map with a 
weapon of god-like power. There are several 
images suggesting chaos, including the ocean 
fragmenting into atomic bits, its skin like edge 
lifted to reveal a fish fluorescing. Yet there are 
other images that suggest continuity as well, 
particularly in the details of Dali's beloved 
landscape. The image is a mixture of 
disintegration and continuity at the same time. 
Time is interrupted but in the same time it is 
fluid and elastic. Looking under the ocean's 
surface, we discover both disintegration and 
order. Dali leaves the answers to the viewer. 
Here, at the advent of the Cold War, is suggested 
that a weapon is poised that could annihilate its 
target, but only while irrevocably altering the 
world and the future. Maybe suggested that, for 
another forty years after this, the world will live 
waiting for nuclear war? No hope from 
humanity, no hope from science. This wouldn’t 
be the last piece by Dali to feature the horrors of 
nuclear war as a subject. 
Dali was also fascinated by DNA and the 
tesseract (a 4-dimensional cube). Biology was 
radically changing the world by the late 1940. 
Was determined the chemical ingredient in the 
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and evil remain in eternal and unresolved 
tension. It is famous his work called Moebius 
Ants. Moebius Ring (Ants) is formed out of ants 
walking forever and covering both sides of the 
ring. 
Infinity is not just one divided by zero for 
Escher. His approach to infinity creates life in it. 
Humans can only imagine infinity, but never 
experience it. Escher's challenge was to capture 
infinity in a "closed" composition so as to give 
the observer some feeling of what infinity looks 
like. He sought to "capture" infinity by means of 
regular division of a plane, or by reducing the 
size of some basic configuration.  
For example, in “Circle Limit III”, infinity is 
demonstrated by outward size reduction. The 
fishes keep diminishing, each time to half their 
preceding size, where a circle encloses an infinite 
number of fishes. “Circle Limit III” may also be 
looked upon as a wonderful demonstration of 
fractals. Thus, Escher may be also regarded as 
the first “fractalist”, another example of how art 
serves to illustrate scientific concepts, something 
not so readily comprehended. The work named 
“Whirlpools” represents two nuclei with tiny 
infinitesimal figures. The two rows of fishes are 
swimming head to tail and moving in opposite 
directions, undoubtedly suggesting the complete 
range of infinity, i.e. from minus infinity to plus 
infinity. 
Escher can be rightly called surrealist due to 
impossible objects imagined and created. An 
example is “Double Planetoid” or double 
tetrahedron (1949). Two regular tetrahedrons, 
piercing each other, float through space as a 
planetoid. The light colored one is inhabited by 
human beings who have completely transformed 
their region into a complex of houses, bridges 
and roads. The darker tetrahedron has remained 
in its natural state, with rocks, on which grow 
plants. The two worlds are together and make a 
whole but have no knowledge of each other. 

 

Figure 8. “Whirlpools” Escher 

One of the most popular and interesting works of 
Escher is the lithography "Relativity”. It depicts 
a world in which the normal laws of gravity can’t 
apply. Is a representation of three-dimensional 
images in a two-dimensional space. 
The architectural structure seems to be the center 
of an idyllic community. There are windows and 
doorways leading to park. In the world of 
Relativity, there are three sources of gravity, 
each being orthogonal to the two others. Each 
inhabitant lives in one of the gravity wells, where 
normal physical laws apply. The structure has six 
stairways, and each stairway can be used by 
people who belong to two different gravity 
sources. This creates interesting phenomena, 
such as in the top stairway, where two 
inhabitants use the same stairway in the same 
direction and on the same side, but each using a 
different face of each step; thus, one descends 
the stairway as the other climbs it. This popular 
work of Escher has been used in a variety of 
ways, as it can be appreciated both artistically 
and scientifically. 

 

Figure 9. “Double Planetoid Escher (1949) 

What about Picasso? His works are art or optics? 
He is one of those who launched the art 
movement known as Cubism and produced 3D 
images in 2D space. 
Of course, the string of personalities from the art 
often associated with science and vice-versa can 
continue. They were extraordinary minds, 
difficult to understand for ordinary people who, 
most often, have provided discoveries for over a 
hundred years before. 
The sculpture named "Endless column" of 
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Romanian sculptor Constantin Brancusi is for us 
and for humanity a symbol. Looking to this 
endless column anyone can understand that 
science ends where the pure art begins and each 
other. In this case the words are in addition. 

6. Science and Art in the Computer Age 

I have to say something about "Art and Science 
through Informatics". 
Computer entered increasingly more in our lives 
over the last twenty years. The programs 
developed have led to some unspeakable things 
years ago. Computational Creativity is the sub-
field of Artificial Intelligence research, where 
people study how to engineer software which can 
take on some of the creative responsibility in arts 
and science projects. Example of such project: 
“The Painting Fool” is a computer program by 
title of aspiring painter. This program was 
designed in 2001 to recognize human emotions 
and to reproduce them through graphic creations, 
artwork image, the so-called "Machine Vision 
and Computer Graphics". 

 

Figure 10. "Relativity” Escher (1953) 

I point out examples of output of Computer-
Science, Computer-Graphics, Computer Design, 
Computer-Art: Hyperbolic Patterns - These 
models are drawn in the Poincare circle model of 
hyperbolic geometry by Computer, ArtMathic - 
Modular Graphics Synthesizer – realized 
Confined Figure and Infinite Space by Computer 
Programs. 
Such projects have several advantages: 
animation, 3D models in a virtual world, 

increased abilities to create meaningful collages 
which illustrate news stories. The big 
disadvantage is that people are living 
increasingly longer in a virtual world, away from 
nature and create their own world in and by the 
computer. 
New jobs occurring such as: computer musician, 
computational artist, digital sociologist, artist and 
researcher in Artificial Life, or new concepts as: 
digital art, artificial life simulation, cybernetic 
concept of ecosystems (artificial ecosystem). Do 
people prepare to live on another planet? Here 
are some examples of programs with this theme, 
very complex, including both science and art: 
future space-based ecosystems, Utopia 
innovative artificial ecosystem, The Potential of 
Synthetic Biology in Space. Future Hybrid 
Ecology is the complete integration of art and 
science in our life.  

 

Figure 11. The Endless Column by Constantin 
Brancusi 

Last but not least should be noted “Robots 
Design” that involve a lot of science, engineering 
computer and as much art. 
Very interesting are applications of mathematics 
and computer in drawing fractals, which often 
can be considered works of art. Fractals start 
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with a process called iteration. An operation is 
repeated over and over again. Modeled fractals 
may be: digital images, electrochemical patterns, 
illustration, sounds, trees, ferns, cells of the 
nervous system, crystals, various vegetables 
(cauliflower and broccoli). Doing “Mathematical 
Fractal Art” means to create and explore new 
complex algebraic expressions which generate 
imagery never before seen by human eyes. 
Also I have pointed out the powerful but 
dangerous role of the computer as "Learning 
Resources". 
Future world will be 100% VIRTUAL? Many 
people express concern about this but more and 
more are the ones that create increasingly in the 
virtual domain. It is extremely dangerous. We 
risk, at a time, that the new generation to know 
only the virtual world, not observe the real 
world. 
In these conditions it has become a question from 
Albert Einstein’s Affirmation: Imagination Is 
More Important than Knowledge? Now it is the 
time to secure our future. 

7. Some ideas on education for knowledge 
using both science and art (Art of sciences 
and science of arts) 

I am sure that in many cases we can say: “Hands-
on Science by Art” as well as “Hands-on Art by 
Science”. 
It's good that our students to know/learn during 
education, at least all those related above. 
Teachers of science: mathematics, physics, 
chemistry, biology are fascinated by the universe 
of science and dedicated their entire existence to 
unimaginable beauty of a formula derived by 
calculations and assumptions in entire nights. 
The same way arts servants are fascinated by 
combining color science, poetry, writing, 
declamations, musical notes, words and reality of 
the mysteries of nature. Both sides express in a 
way what they saw in nature but why not show 
as a whole? 
I suggest some ideas in this sense to the three 
stages of development: the youngest 
“researchers” in art and science (kindergarten), 
children aspiring to artists or scientists, 
adolescents almost formed. 
Knowledge by Science and Art at very early age: 
In kindergarten we can use boards, sheets, 
coloring books with drawings that can give 
different explanations about: fauna, flora. On 
these models we can give topics to create plants 
and animals from plasticine, may be colored with 

watercolor. 

 

Figure 12. Study of PreHistoric Animals and 
Reptiles by plasticine 

 

Figure 13. Study of PreHistoric Animals and 
Reptiles by colored with watercolor 

Educative can be play areas, with pieces 
designed on educational themes, with abstracted 
forms from nature, involving science and art (eg. 
Denmark). 

 

Figure 14. Play area for kids in Denmark  

A lot of LEGO games and puzzles can develop 
children's imagination and creativity. 
It is recommended that primary school pupils to 
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read Jules Verne to which we have sunk to the 
"Center of the Earth" to spend then "Five Weeks 
in a Balloon" or make "Around the World in 
Eighty Days" with “Captain Nemo” or to travel 
“Twenty Thousand Leagues Under the Sea”. 
Surely develop their imagination. At this age 
they have to visit museums, to experiment in 
physics, chemistry, biology, learn to play 
different musical instruments. Also children 
should be conducted using the computer to 
develop imagination, attention, skills, knowledge 
of science by lessons, documentation, Computer 
Games, video Games, Matrix etc. 

Easy Ideas Combining Science and Art 
(primary and gymnasium) 

Theme: Pendulum Painting 
Science objectives: gravity, force and motion, 
pendulums 
Art objectives: symmetry, viscosity 
Reasons: Science can be fun and art can be 
meaningful. You don’t need to be an artist or 
have a classroom of expensive supplies to create 
art integration that is fun and purposeful.  
Summary: The motion creates a symmetrical 
splatter. Different mediums can be experimented 
for viscosity testing. Students learn about the 
effect of gravity, the movement of a pendulum, 
and how different forces act. Try the project 
several times with different swinging speeds and 
rope lengths, graphing the results. 

Theme: Good Vibrations 
Science Objectives: sound waves, vibrations 
Art Objectives: music vibrations 
Reasons: Art isn’t just about visuals! Music can 
lend some fun to your science routine. Music is 
an art form whose medium is sound and silence. 
Its common elements are pitch (which governs 
melody and harmony), rhythm (and its associated 
concepts: tempo, meter, and articulation), 
dynamics, and the sonic qualities of timbre and 
texture. 
Summary: Take a small plastic or paper cup and 
put a tight lid of aluminum foil on top. Hold it in 
place with a rubber band and then spread salt or 
sugar granules on the surface. Students make 
different sounds with instruments, clapping their 
hands or using their voice near the cup (but 
without blowing air on the surface). The salt will 
jump in response to the vibrations. Student will 
notice bigger jumps for louder and lower sounds. 
It will even “dance” when near a loud speaker. 
Students can actually see the vibrations made by 

sound waves. In physics, a wave is a disturbance 
or oscillation that travels through space time, 
accompanied by a transfer of energy. Wave 
motion transfers energy from one point to 
another, often with no permanent displacement 
of the particles of the medium—that is, with little 
or no associated mass transport. They consist, 
instead, of oscillations or vibrations around 
almost fixed locations. Waves are described by a 
wave equation which sets out how the 
disturbance proceeds over time. The 
mathematical form of this equation varies 
depending on the type of wave.  

Theme: Insect’s habitat  
Science Objectives: arthropods, insects, 
metamorphosis, habitats, reading diagrams 
Art Objectives: models, materials 
Reasons: children need to know the surrounding 
world through models, by hands-on. Insect 
experiments for kids are an excellent way to 
learn about the natural world. A number of 
creepy, crawly bugs are outside your door, in 
your house, or available at the store, waiting for 
kids' observational skills to take root. Not only 
will they have fun, kids will learn a ton too. 
Summary: Introduce insects and arthropods with 
an interactive website, and students identify their 
main parts. Then we look at field guides and 
online images of different insects. Try to have 
real insects in viewing boxes or under the 
microscope for a close-up look. Then students 
create an insect out of Model Magic or other 
clay. Student must have the necessary parts to 
get a grade for the project, but allow their colors 
to be whimsical. Finally, they create realistic 
backgrounds out of box lids or 2-liter bottles 
with the bottom removed. We display the insects 
in the hallway with insect trivia. 

Later, in high school we can develop themes as: 

 "Music between Science and Art" 
(design and construction of instruments, 
composing music, musical notes, vocal 
or instrumental interpretation) 

 “Integrating Art and Thinking” (which 
allow an opportunity to hone both their 
thinking and artistic skills) 

 “Discovering Science through Art 
Experiences” (topics covered are water 
and air; light and sight; motion and 
energy; reaction and matter; and nature 
and earth) 

 “Science and Art of Visualizing 
Information”  
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 “The Power and the Beauty of 
Diagrams” (Computer Graphics and 
Mathematical formulas)  

 “Einstein, Dali and Time” (cruel, 
pitiless, heartless crossing of time) 

 “Dali's and Einstein's Relativity” (At the 
speed of light, length shrinks to zero 
while mass and time approach infinity) 

 “Geometry and Escher” (impossible and 
surrealistic geometrical constructions) 

 Physics and art in connection with reality 
- two apparently different directions but 
with the same final purpose 

 “Abstract and concrete in science and 
art” 

 “Sound in Physics and Music”  
 “The musical instruments and Physics” 
 “Colors in physics and art” or “The 

Science and the Art of Colors” 
 “Architecture means art, engineering and 

physics” 
 “Living Space by Computer Programs” 
 “Science and art in restoration of 

architectural monuments” 
 “The light in our house” 
 “Photography, painting, film are visual 

art or science?” 
 “Physics in the Literature” 
 “Sculpture, between Art and Science” 
 “Painting and optical” 
 “Art, science and technology in popular 

domestic objects” 
 “Jewels, the result of art and science” 
 “Shows and acoustic of show rooms 

means science and art together” 
 “About Physics in Science-Fiction 

Literature” 
 “Sounds and Electronic Music” 
 “Mathematical Fractal Art” 
 “Contributions of computer programs to 

integrate sciences and art” 
 “The Photoshop - the program of 

Science for Art” 

A smart magician would take lessons from 
nature: for example the golden ratio and 
Fibonacci number, the universal law in which is 
contained the principle of all beauty and 
harmony, are just o consequence of natural 
science and art working together (Fibonacci or 
Leonardo of Pisa, 1170-1250). So, be a 
magician, create a parallel dimension where both 
science and art could touch, and the illusion of 
perfection would be completed. 

 

Figure 15. Sunflower Models - arrangements 
involving consecutive Fibonacci numbers 

8. About the role of Comenius in-service 
training for teachers 

I got in touch with these new, European methods 
of understanding and approaching the reality 
through the common tools of Science and Art by 
my participation in-service training for science 
teachers: “Science and Art - So Different, So 
Similar!” (2011, Santiago de Compostela, 
Spain). 
The main purpose of the course is to provide 
participants with ideas, issues, which they may 
use in science classes, to give students the idea 
that science and art are, in a profound sense, a 
similar thing though, at first sight appear to be 
two totally different areas. Methodology of the 
course focused on the use of the ability to 
communicate and address issues about different 
forms of art but mostly about their relationship 
with science. The course alternated 
presentations, lectures and exhibitions of 
European teachers, recognized internationally, 
tours and thematic visits with scientific, cultural, 
artistic and ecological purposes and workshops 
in mixed groups. 
In the presentations, lectures and exhibitions 
were addressed topics such as: painting, music, 
architecture, literature, physics, mathematics, 
biology, chemistry, computing, urbanism and 
ecology, everything from relationship 
perspective science-art. 
We visited the Park for Renewable Energy and 
The Museum of Energy in Sotavento, a new 
concept of wind park that brings together aspects 
of technology, scientific, ecological, artistic, 
commercial and educational. 
I appreciate and recommend this course, for the 
perspective offered to study and explore 
similarities between science and art, for the 
professionalism of lecturers who have confirmed 
topics of the course, also as a "trip", incursion, 
cross the limits of arts and sciences and also for 
the opportunity to know the values of cultural 
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European heritage. The course provides 
identification of skills at European level, the 
ways in which they can be learned, practices and 
solutions, tested at European level, to adapt 
students, teachers and the partners at changing 
society. Lecturers gave us new ideas about using 
the common language of science and art. The 
course provides broadening cultural horizons by 
visiting historic sites, through direct contact with 
the culture, customs and traditions of other 
European countries. The course promotes 
education for harmonious, multilateral 
development of our students. 

9. Some conclusions, Some opinions 

Art and science are antagonistic or 
complementary? 
Art and science are always in harmony, never are 
in discordance. Without art, and also without 
science, humanity could not exist. So varied in 
purpose, expression and impact! So important to 
people and society in so many ways! These 
things are true for science as well as for art. 
Almost any object produced by humanity 
includes and need both science and art. The 
creativity and products in both cases requires 
similar mental procedures such as observation, 
analysis and synthesis, proportional thinking, 
visual presentation and graphic representation. 
 As with all things in the real world, science is 
not always utilized as a high moral force: builds 
bombs and poisons gardens and forests. Also, art 
in the public sphere is not always used for the 
benefit of humanity. More often it is used to 
promote products or boost conspicuous 
consumption. 
But we need to: Explore, Discover, Creates. 
Knowledge must be performed through hands-on 
creation and exploration but integrating art and 
science. Art can be a tangible means to illustrate 
Science: artificial human brain, human cloning, 
metamorphosis, time and space, "Godfather". A 
painting’s unique contribution to society is the 
same as that of a physical theory or a bio-
medical technique. When it comes to imaginative 
process, however, scientists and artists share 
thinking tools and talents. Certainly, the best 
scientists are also artists at heart. The passionate 
synergism of reason and emotion, analysis and 
intuition show us that power is all imaginative 
thinking. 
Try today to unleash express children’s creativity 
through integrated science and art and we can 
change the way to see the world. 

Our world might be a better and more 
enlightened place if all of us dropped the whole 
supposed left-brain/right-brain theory. Let's open 
our whole minds to the full realm of human 
imagination. Say no separation of the world in 
the art world, the humanities world, the science 
world. Ultimately we all live in one world and 
it’s worth trying to understand each of the 
perspectives in it. 
There are a growing number of science-art 
collaborations this era, where artists are brought 
into the lab to spend time with researchers, and 
come away inspired to create works that give us 
not only an insight into science, but also a new 
insight to ourselves. Supercomputer-generated 
simulations of fusion energy interactions to high-
resolution imaging of the space are been aided by 
artists to understand an image in an intuitive 
way, and gain insights that might lead them to 
better comprehend highly complex problems. 
Neurobiologists, engineers, geographers and 
computer scientists, draws together to develop 
new tools that help visualize complex scientific 
data and the physical phenomena they measure. 
These include complex using centuries of 
experience from art and perceptual psychology.  
Art for art's sake and science for the sake of 
science!? If there is science without art and art 
without science mean they are not well done! 
There are fabulous examples of art contributing 
directly to scientific advances. Art also plays a 
vital role in helping the general public to 
visualize the extraordinary worlds of science, 
understand complex discoveries and concepts 
that would otherwise remain a complete mystery. 
And science inspires artists. 
We can write full libraries about science and art. 
Who can say which is the first scientific paper or 
the first work of art in human history? It is 
important that our students to perceive the world 
and to understand its laws as a whole! 
Only Leonardo da Vinci as a painter, sculptor, 
doctor, engineer, alchemist, poet, all in one, 
could solve the mystery of science-art symbiosis. 
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Abstract. This research intended to explore the 
elementary school students' characteristics of 
modeling ability and learning transfer, and 
analyzed the efficiency of concept learning 
transfer as well as teaching processes. 
According to the modeling-based inquiry 
teaching strategies, the researchers designed 
four teaching units for elementary school 5th 
grade students to do the modeling inquiry. This 
science inquiry involves four units: electrostatic, 
thermal expansion, light reflection and 
atmospheric pressure. In the quantitative study, 
the research takes analysis of Repeated 

Measures to explore the whole performance of 
30 elementary school students’ modeling ability 
of the lateral and vertical transfer of learning. 
This study also employed qualitative analysis. 
The data collection includes learning sheet, 
classroom observation, video recording. It is 
based on the classification of concept and 
analysis indicators of modeling ability. Next, 
consider the ability of elementary school 
students, to build capacity analysis indicators in 
order to evaluate the level of the measure of each 
student’s modeling ability. The results shown 
that it is appropriate to separate the ability 
analysis indicators of elementary school students 
into 5 levels, the learning transfer of scientific 
understanding was more obvious, but on the 
lateral aspect, the learning transfer of modeling 
abilities was more slowly. Ordinarily, the effect 
of the learning modeling was influenced by 
teachers’ guidance on processes of modeling 
inquiry. 

Keywords: Modeling Ability, Modeling-based 
Inquiry, Transfer of Learning, Teaching 
Processes. 

1. Introduction 

Scientific model, the key to understanding the 
natural world, is an application between theory 
and concept. Over the past decade, models and 
modeling have gradually been recognized as an 
important approach to science learning 
objectives (Giere, 1991; National Research 
Council [NRC], 1996). The research points out 
that one of the critical approaches is the scientific 
modeling to achieve the goal of science learning 
(Justi & Gilbert, 2002). The NRC (1996) 
indicates that models have many forms, 
including physical objects, plans, mental 
constructions, mathematical equations and 
computer simulations. Based on previous 
assumptions, the researcher concluded three 
kinds of models, including object model, 
conception model and mathematical model (Lin 
& Hung, 2011). Modeling is a kind of inquiry 
and modeling learning can enable students to 
share their models and their perspectives. 
Nowadays science education focuses on 
scientific inquiry frequently. teachers commonly 
use models to explain ideas to students (Duit 
1991). 
For junior high school students, they can explore 
science knowledge and cultivate the ability of 
thinking, if we adopt the course which is based 
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on Model-based Inquiry. However, for 
elementary school students, this method has yet 
to be developed and verified. 
In summary, the purpose of this study is that the 
assessment of elementary school students the 
ability to model and explore elementary school 
students the ability to model the transfer of 
learning situation, as well as modeling the 
process of teaching. Therefore, this study 
investigates the questions include: 

 What are indicators of analysis of 
elementary school students' scientific 
modeling ability? 

 How are the effects of learning transfer 
of elementary school students' scientific 
modeling? 

 Which are the teaching processes of 
elementary school students' scientific 
modeling? 

2. Overview of MIT and learning transfer 

Current experimental courses in schools, teachers 
always conduct recipe-type experiments, but they 
rarely conduct thought experiment (Lin, 2012). 
This research believes that not only emphasis 
hand on doing science but also mind on thinking 
activity. Therefore, only when the outcomes of 
this mental activity seem successful that actual 
empirical testing takes place, where this is 
possible. 

2.1. MIT mode  

The MIT (Modeling-based Inquiry Teaching) 
mode is according to the framework of MCSI 
teaching mode(Lin & Hung, 2011), which 
includes four phases in the teaching, “Question 
& Analysis”, “Prediction & Experimentation”, 
“Explanation & Interaction” and “Synthesis & 
Application” (show on the Fig.1).  
To MIT teaching model can be applied to 
elementary school students, the modeling process 
can not be too complicated, this study revised 
four stages, including:1. initial model, 2. model 
construction, 3. model revise, 4. model 
application. 
Based on social constructivism, the goals of the 
phase of “explanation & interaction” are that the 
teacher conducts students to explain and to 
discuss their models. Through this phase, 
students can share their models and perspectives. 
In this way, students can learn more about 
scientific knowledge and method of 

argumentation. 

 

Figure1. The framework of MIT mode (modify 
from Lin & Hung, 2011) 

The core of the four phases is to construct the 
model and the teacher evaluates students’ 
performance in each phase. According to 
students’ opinions and suggestion from others, 
the teacher realizes their perspectives and then 
conducts them to discuss their models. Finally, 
the students gradually accept and establish the 
correct model like the scientist. To analyze the 
modeling processes, research always concerns 
about the cooperation and competition modeling 
teaching (Clement, 2002). 

2.2. Learning transfer 

There are two types of “learning transfer”. One is 
“vertical transfer” and the other is “lateral 
transfer”. People take their previously 
experiences to solve similar and identical 
problems. For instance, the questions in the same 
unit have the same characteristic things and 
analogous conception. Students apply the 
concept they have and learned to solve the 
similar problems. That is “vertical transfer”. 
Combine the methods of problem solving and the 
conceptual knowledge to solve the more 
complicated problems and it forms more 
advanced learning than previously experience. 
This way of learning transfer makes the learners 
improve their learning ability and use the 
knowledge they having to solve new problems. 
For example, learning of theory and Modeling-
based Inquiry, both of them combine two or 
more than two concepts and induce some 
relationships or patterns of knowledge. By doing 
so, the learning combines theory and conception 
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transfer as well as teaching processes. 

 

Figure 5. Each team to illustrate the diagram and 
explanation and interaction 

 

Figure 6. Teacher encourages students to do the 
explanation and competition 

4.1 Efficiency of concept learning transfer 

There were four units as the teaching activity, 
The Table 1. the "Teaching Units" column. A as 
Thermal Expansion Experiment, B as 
Atmospheric Pressure, C as Light reflection and 
D as Electrostatic. 
The results of post comparison with LSD, and all 
of teaching units shown the 
phase4>phase3>phase2>phase1. These displays 
the learning transfer of scientific understanding 
was more obvious. 

4.2 Efficiency of modeling ability 

The results of post comparison with LSD, only 
shown Unit 3> Unit 1, Unit 4> Unit 1 and Unit 
4> Unit 2. These shown the learning transfer of 
modeling abilities was more slowly. Modeling 
learning will not be effective immediately, it is 
slow progress. Such an outcome with Justi and 
Gilbert (2003) same viewpoint. 

4.3 Teaching process in explanation and 
interaction phases 

In order to understand the MIT teaching 

processes, the Learning pathway Discussion of 
modeling and UciNet was used in qualitative 
analyses. The researcher activity, Accretion 
mode: Teacher guide students to accrete the 
model step by step, but in this research the 
variables are reduced by the cooperation 
modeling-reduction mode. 

Teaching
Units 

Sum of 
Squares 

df 
Mean 
Square 

F Sig.

A 1038.408 1 1038.408 1318.373 ***

B 1074.008 1 1074.008 1102.847 ***

C 1184.408 1 1184.408 1872.667 ***

D 1267.500 1 1267.500 1986.892 ***

*** p<.001 

Table 2. Summary of concept learning transfer 

Source 
Sum of 
Squares df 

Mean 
Square F 

Intercept 18204.033 1 18204.033 2801.116***

Error 188.467 29 6.499  

*** p<.001 

Table 3. Summary of modeling ability learning 
transfer 

5. Conclusions and recommendations 

5.1. Conclusions 

The effect of modeling-based inquiry teaching is 
divided into two aspects to discuss. On the 
vertical aspect, the learning transfer of scientific 
understanding was more obvious, but on the 
lateral aspect, the learning transfer of modeling 
abilities was more slowly. 
A drawing allows students to show their thinking 
of mind more concretely. Besides, teachers can 
observe the realization of students by diagrams 
and guide them to create a correct concept and 
model step by step.  
On Quantitative and Qualitative Analysis, the 
effect of the learning modeling was influenced 
by teachers’ guidance on processes of modeling 
inquiry, especially the phases of explanation and 
interaction. 

5.2. Recommendations 

Modeling inquiry teaching should pay attention 
to teachers to guide the interpretation and 
communication phase, therefore, it is 
recommended that new research can further 
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independent work. However, this is in contrast to 
the current dramatic decrease of number of 
compulsory science lessons. The paper describes 
experience from implementation of inquiry 
activities at a grammar school within a special 
physics-informatics interdisciplinary course 
created within a school curriculum. The 
developed inquiry activities are enhanced by 
digital technologies such like datalogging, 
videomeasuring and modelling tools and there is 
the first feedback from the use of the developed 
activities in teaching described. 

Keywords. Inquiry-based science education, 
inquiry skills, digital technologies, datalogging, 
videomeasurement, modeling, physics teaching 

1. Introduction 

The currently running school reform in Slovakia 
has brought significant changes concerning the 
content, extent ant the way how science is taught. 
Concerning the content, in science education, in 
particular, the main attention in curriculum [1] is 
paid to the scientific inquiry with emphasize to 
the students active independent learning. In order 
to fulfil the new goals in science education 
students should work more independently being 
in the role similar to that of a scientist who 
formulate a problem, design an investigation, 
carry out experiment, collect and analyse data, 
create models and draw and discuss conclusions. 
This requires also new approaches from the 
teacher who needs to be educated in the field of 
inquiry-based science education (IBSE). Except 
from well-educated teacher IBSE requires much 
time to carry out activities with strong emphasize 
on students´ independent work that also needs 
working in small groups. However, on the other 
hand, the number of compulsory science lessons 
has dropped dramatically with a number of about 
30 students in the class. As a result, science 
teacher has a dilemma: he is obliged to do 
inquiry but does not have conditions for this 
within the state curriculum. 

2. Slovak state and school curriculum in 
physics and its potential towards IBSE 

The content of the upper secondary schools 
(grammar schools) (ISCED 3A) [1] is divided 
into 7 educational areas including: Language and 
communication, Mathematics and information, 
Man and nature, Man and society, Man and 
values, Arts and culture, Health and movement. 

The subject of physics (chemistry and biology) is 
a part of the area named Man and nature. The 
main objectives in physics education are 
determined within 6 areas, namely World around 
us, Communication, Science knowledge an ideas, 
Scientific inquiry, Data processing, 
Experimentation. In each area there are concrete 
goals specified that should be achieved at the end 
of the course. The last three areas clearly 
identifies different elements of IBSE (tab.1) 
 

Scientific inquiry 
 to formulate a problem, research question, that 

can be answered by experiment, 
 to formulate a prediction, 
 to test a prediction, 
 to plan an appropriate experiment, 
 to formulate a conclusion according to 

observation and experimentation, to comment on 
measurement errors, 

 to formulate the validity of conclusions based 
upon a series of measurements, 

 to evaluate the overall experiment including the 
procedures used in it. 

Data processing 
 to organize, present and evaluate data in different 

ways, 
 to transform data presented in a form into 

another form (including calculus, tables, 
diagrams), 

 to identify possible trends in data, 
 to create predictions based upon data, 
 to suggest conclusions based upon data, 
 to use knowledge to explain conclusions, 
Experimentation 
 to follow written or oral instructions, 
 to select and use safely the experimental setup, 

materials, technology appropriate for 
measurement, 

 to carry out the experiment safely, to record data 
gained by observation and measurement, 

 to use appropriate tools and technology to collect 
data. 

Table 1. Elements of scientific inquiry included in 
Slovak curriculum in physics 

The physics teaching is organized the following 
way. Within the state curriculum the teacher can 
use altogether 5 lessons (2,2,1,0 lessons per week 
during the 4-years study). There are about 30 
students in a class. The classes may be divided 
into two halves for science lessons but at many 
schools this is not done. As a result, to fulfil the 
goals of the state curriculum is not an easy task. 
The inquiry activities are time consuming and 
taking into account the conditions that teachers 
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have for meeting the educational goals they very 
often teach the traditional teacher-centred way 
with emphasize on the content knowledge of 
their students. 
There are several ways how to overcome this 
problem in order to change the traditional way of 
teaching to more student-oriented with 
emphasize not only on the content but also on 
inquiry skills development. Except from the state 
curriculum the school can create its own school 
curriculum in two ways. 
Within the school curriculum the number of 
compulsory lessons can be increased by 
additional lessons. However, this strongly 
depends on the school priorities and the 
willingness of the school management towards 
these changes. Another way is to create new 
subjects in order to design their goals, content 
and organization within the school curriculum. 
Such specific subjects can also support the 
school priorities in order to attract students to the 
school by its dominant focus of interest (e.g. 
scientific literacy or languages, etc.). 

4. Implementation of inquiry-based 
activities in the framework of the new 
interdisciplinary science course 

One of the grammar schools in Košice, Slovakia, 
has decided to design a new course that would 
support scientific literacy of their students. This 
is a result of their long-term effort in the field of 
mathematics education support that they tried to 
extend to other sciences, as well. Within the 
school curriculum there has been designed and 
developed an interdisciplinary subject involving 
mathematics, informatics and physics with a 
number of two joined lessons per week for half 
of the class aimed at students in the first year of 
their study at the grammar school (aged 14-15). 
The main goals of the subject involve developing 
inquiry and digital skills using ICT in physics 
and programming skills in the field of 
informatics. The physics lessons are alternating 
with the programming lessons, so that half a 
class experience the physics part once in two 
weeks. The activities were developed in order to 
complement the topics of regular physics lessons 
that include mainly mechanics. The lessons were 
carried out in a computer lab equipped with the 
COACH6 system [2] that supports the use of 
datalogging, videomeasuring and modelling 
tools. Over the course students carried out 
inquiry activities at different levels of inquiry in 
order to enhance conceptual understanding and 

developing inquiry skills, mainly in the field of 
doing investigation and modeling. After 
experiencing different lower levels´ inquiry 
activities students were asked to carry out an 
open inquiry activity in a way of a research 
project. 

5. Examples of activities  

The activities developed for the course were 
created at different level of inquiry, mainly at 
interactive demonstration, guided discovery and 
guided inquiry level [3,4]. The activities students 
carried out were adapted from the existing 
activities offered by the COACH system [2] or 
there were new tailor-made activities developed. 
Students’ independent work was supported by 
the worksheets with instructions. The role of the 
teacher was to facilitate students learning. 

5.1 How does a toy car move?  

 

Figure 1. Student experimenting with the toy car 

The main goal is to find out how the real motion 
of a toy car is represented in position and 
velocity graphs. The experimental setup of a toy 
car with an ultrasonic motion detector was 
situated in front of the whole class. Teacher was 
carrying out interactive demonstrations [5] on a 
car motion. The students were asked to draw 
their predictions about the position/velocity 
graphs for each of the motion. Their prior ideas 
were identified and then were confronted with 
the experimental results. The results were 
analysed in order to point the important features 
of the graph (tendency, slope, sign, etc.) (fig.1). 

5.2 Match the graph  

This activity was carried out in a reverse order. 
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The graph was already prepared and students 
should walk in order to fit the graph. Students 
working in groups firstly had a look in the 
picture in order to analyse the graph and describe 
in words what the certain parts say about the 
motion. Finally, students checked their ideas by 
real experiment when they were moving in front 
of the ultrasonic sensor in order to match the 
graph as well as possible (fig.2). 

 

Figure 2. Student moving according the graph 

5.5 Model of the bathtub 

One of the goals of the subject reflecting to its 
interdisciplinary physics-informatics approach 
was to try out activities aimed at modelling of 
phenomena with the help of computer dynamical 
modelling tools. In order to do this for situations 
and processes in physics student were first 
introduced the idea how the dynamical modelling 
approach works on a simple activity aimed at the 
bathtub that gains water through a tap and loses 
water through a drain. First they learn to create a 
graphical model of a bathtub with constant water 
input (output). When they understand the 
meaning of the state variable and the inflow and 
outflow representing the speed of water income 
or outcome they can move on to the next step. 
They are asked to try to make the model more 
realistic. In order to taking into account that the 
outflow depends on the amount of water in the 
bathtub they modify the model. This is the first 
experience with modelling so that a lot of 
teachers help is needed. 

5.6 Model of a runner 

Having experience with modelling of a bathtub 
in this is activity students were asked to create 
the model of a runner. Based on the instructions 
in the worksheet students first created a model of 
a runner moving uniformly. In the next step they 
were expected to create a model of the runner 
who has just started running. Students modelled 

this situation as a uniformly accelerated motion. 
Students worked in pairs in front of the 
computer, however all the steps were guided by 
the teacher who communicated a lot with 
students asking questions, drawing and 
comparing predictions about the resulting graph 
on the blackboard as well as setting the 
appropriate variables and constants (position, 
speed, acceleration), flow quantities and 
connections between the quantities (fig.3). After 
successful model of uniformly accelerated 
motion students were asked to modify the model 
in order to represent the runner who is going to 
stop. 

 

Figure 3. Modeling the motion of a runner 

5.7 Fall of a heavy ball 

This activity was divided into two parts when 
students worked in pairs in front of the computer 
with the help of worksheets. Firstly they 
analysed the already recorded video on the free 
fall of a heavy ball in a guided discovery way. 
They expected to verify the already known 
relationships for this kind of motion.  
In the second part they created a model of the 
free fall based on the knowledge gained during 
the previous activities. Finally they compared 
results of modelling with the experimental results 
gained by videomeasurement. 
At the end students were asked to do a home 
assignment to model the raindrop fall 
considering it as a free fall motion. 

5.8 Fall of a light ball 

This activity was a guided inquiry activity aimed 
at discovering the difference between the free 
fall and the fall of lighter objects in the air. 
Students measured the position of the falling 
styrofoam ball in order to find out that the results 
are different from that of the free fall. They are 
asked to formulate the reasons for these results in 
terms of forces acting on the object.  
This activity is then followed by modelling this 
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motion. They have to look at this situation from 
the dynamical point of view expressing the net 
force acting on the ball. Concerning the force 
opposing the motion students are asked to 
formulate their own hypothesis what the drag 
force depends on. With a help from the teachers 
they can verify the hypothesis about the linear 
(quadratic) dependence on the speed. They check 
the correctness of their hypothesis comparing the 
model with the experimental results (fig.4). 

 

Figure 4. Modeling in class 

5.9 Research project 

After experiencing different lower levels´ inquiry 
activities students were asked to carry out an 
open inquiry activity in a way of a research 
project. 
The project topic was motion. Students were 
asked to create their own research question 
concerning motion of the objects. The research 
question was supposed to be answered by 
investigation with the help of digital technologies 
using datalogging, videomeasurement and 
modelling tools. At the end conclusions with 
discussion should be formulated. Students were 
expected to work in groups of four and they had 
a month to work on the project. 
Here are the examples of the best projects. 

5.9.1 Remote-controlled formula toy car 

The research question of this project involves the 
question about the formula car highest 
acceleration that can be achieved accelerating 
from the start. Students recorded their own video 
of formula toy car motion in a gym. They carried 
out the videomeasurement and the analysis 
showed a=2,86m.s-2 (fig.5). 
Following on from this they created a model of 
motion that was compared with the experimental 
results finding the appropriate parameters. 

5.9.2 Kick the ball 

The research question here involves the motion 
analysis in terms of what happens due to the kick 
and how the kick in a direction opposite to the 
motion influences the ball´s motion. Students 
recorded a video of this motion and carried out 
videomeasurement on this. Then they created a 
model of motion with velocity change during the 
ball – leg contact (fig.6). They found out that the 
horizontal component of velocity is constant on 
the way there and back with changing size after 
the kick. From the change of the velocity and the 
corresponding time interval they estimated the 
force acting on the ball during the kick (knowing 
the ball mass). 

6. Experience from teaching  

During the whole school year we gained a lot of 
feedback from teaching. We came across a lot of 
difficulties during the lessons. The main 
problems concerned the lack of physical 
background of students and lack of mathematical 
skills. Even if all the theoretical background was 
the part of the regular physics lessons, students 
still suffered from not enough understanding of 
the kinematics concepts as well as Newton’s 
laws conceptual understanding.  
During the activities students were expected to 
work independently. This seemed to be a 
problem in many situations. Students still expect 
detailed instruction and guidance from the 
teacher. Sometimes their passivity made the 
whole process slow. A lot of effort was needed 
from the teacher who tried to make them think 
and work actively and independently as much as 
possible. As lessons went on students got more 
familiar with this way of teaching. 
However, on the other hand, when it came to the 
research projects, students worked quite 
independently. They were quite enthusiastic and 
they were even able to divide the work among 
the group and spent a long time working on the 
task in order to meet the goals and prepare a final 
presentation. Nevertheless, there were also 
students for whom this task was too demanding 
and they were not able to formulate an 
appropriate research question and they only 
presented some partial results of measurements 
or modelling. It can be seen that the highest level 
of inquiry is not adequate for all the students. To 
sum it up, there were about 30% of students who 
carried out the open inquiry project excellently 
with all the required inquiry elements. About 
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80% of students could get data from the 
videomeasurement and only about 50% of 
students were able to create a model. 

 

Figure 5. Videomeasurement: Remote-controlled 
formula toy car 

 

Figure 6. Modeling: Kick the ball 

7. Conclusion 

In the school year 2012/13 we have tried to 
develop and implement inquiry-based activities 
into teaching within a new course of the school 
curriculum. The teaching was carried out with 
the first-year students of the grammar school. All 
the designed activities were aimed at inquiry 
skills development connected with the abilities to 
formulate a research question, design an 
investigation, carry out experiment, collect and 
analyse data, creating models and draw and 
discuss conclusions. The evaluation of the whole 
process show some difficulties concerning with 
the lack of necessary theoretical background of 
students. Also, when forcing the students to work 
independently, they firstly showed some 
resistance towards this way of teaching. On the 
other hand, it has been seen that there was a 
progress as the lessons went on during the school 
year. Surprisingly, students showed quite a large 
amount of independence when they had to face 

their own group task within the final open 
inquiry project work. 
The positive experience from the course makes 
us optimistic for the future. We feel that if 
students experience more systematic IBSE 
approach not only in a single course but across 
more subjects they get more familiar with this 
teaching method and their inquiry skills will be 
developed to higher level. Using this experience 
we plan to continue with the course the next 
school year again taking into account all the 
feedback that we gained during first run of the 
course. 
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Abstract. In 2009 the curriculum of Primary 
Education in Uruguay suffered a modification 
through which the contents were segmented by 
scientific disciplines. With 3500 dairy farms, 
Uruguay occupies a privileged place in the 
world, consuming 230 liters of milk per person. 
All full-time public schools have kitchens where 
food is prepared for children. Most of the public 
schools in a single shift and all private schools 
have heaters and cooking. 
Therefore, the production of caramel by children 
attending schools is perfectly possible. 
Interconnected concepts are incluided: LIVING-
MATTER-ENERGY through classroom research, 
hypothesizing, experimentation, observation, 
questioning, predicting, completion and 
communication. 

Keywords. Inter-multi-transdisciplinarity, 
matter, milk, science 

1. Introduction 

In 2009 a new program proposal began in 
Uruguay.It was made by the Primary Education 
Council in order to integrate into formal 
education Early Education Programs, Policy, 
Rural and Special. 
In this framework, the Natural Sciences were 
organized into disciplines (Biology, Physics, 
Chemistry, Astronomy, Geology) which different 
views could be grouped by the inter-multi-
transdiciplinarity, which allows: unifying 
concepts and methodologies, facilitates 
contextualization, adapt to the integral 
development of the student, promotes knowledge 
transference, points to systemic learning and 
maintains a view that recognizes and sees that 
there are links between disciplines and 
solidarities. 
The new approach pays special attention to the 
ongoing interaction between science and society. 
Knowledge in the area of Natural Sciences are 
organized and interrelated concepts from three 
subsumers: living - matter – energy. Notions of 
"diversity-unity", "change", "interaction" and 
"system" will complement this approach with the 

"balance", "transformation", "continuity" and 
"conservation." 
The teaching of Natural Sciences installs 
question, doubt and generates rank curiosity as a 
tool, develops hypothetical-deductive thinking, 
and inductis reasoning by analogy. 
The strategy used for the child to develop these 
cognitive activities are based on: hypothesis, 
investigation, experimentation, observation, 
question making, prediction, classroom 
investigation, drawing conclusions and 
communication. 
This is a progressive teaching role, 
emancipatory, which places children in 
educational situations where their knowledge is 
not sufficient to ensure the conceptualization and 
construction of thought. 
In short, the general objectives in the area of 
Natural Sciences can be grouped into four main 
pillars: 

1) Teaching scientific knowledge that can 
bring provisional explanations and reflect on 
the diverse dynamic and changing natural 
environment. 

2) Recognizing the non-neutrality of 
scientific knowledge and its connection with 
the construction of a systemic view of the 
world. 

3) Teaching us to reflect on the scientific and 
human production, historical and ideological. 

4) Assessing the scientific methodologies in 
knowledge production through the 
introduction of classroom observation, the 
sequence of experimental models of 
representation and outreach materials. 

1.1. Plan Ceibal 

Its name Conectividad Educativa de Información 
Básica para el Aprendizaje en Línea (Basic 
Information Educational Connectivity for Online 
Learning) is a project which aims to reduce socio 
digital division, inclusion and equity in access to 
education. This means a computer for each child 
and the mission is to match technology to all 
children of Uruguay. Became operational in the 
first half of 2007 and was completed in 2010, 
where all children in public schools in the 
country had access to the XO. Many private 
schools also joined the Plan Ceibal for students 
acquiring the XO laptops. This made it possible 
for children to become project participants who 
gathered information both in their school or 
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college at home. 
The project's operational techniques used guided 
and structured inquiry. 

1.2. Program content of Natural Sciences 

1.2.1. Level 3 years: (N3) 
Chemistry (Ch): The aggregation states of matter 
(S and L) 
Physics (Ph): The colors. The pigments. 
Temperature. 

1.2.2. Level 4 years: (N4) 
Ch: The organoleptic properties of solids (S) and 
liquids (L) (color, taste, smell). The sieving 
(method of separation of heterogeneous 
systems). 
Biology (B): Human nutrition: daily intakes, the 
transformation of food in the body. 

1.2.3. Level 5 years: (N5) 
Ch: Changes of State of Matter: Melting and 
solidification. Variation temperature and state 
changes. Heterogeneous systems: L-L, L-S, S-S. 
B: The human dentition. 

1.2.4. Level 1: (N 1 º) 
Ch: Liquid solutions: L-L, L-S. Decantation. 
Ph: Changes in motion. The contact forces. 
B: Human nutrition: ingestion, digestion, 
excretion. 

1.2.5. Level 2: (N 2 º) 
Ch: Liquid solutions: L-G. Solutions: Solute and 
solvent. The separation of gases. The filtration. 
The crystallization. 
Ph: Temperature changes produced by different 
processes: heat and work. 
B: Nutrition: food and nutrient, diet, cavities. 
The digestive system. Mechanical processing of 
food. 

1.2.6. Level 3: (N 3 º) 
Ch: Macroscopic properties of matter. Thermal 
expansion in solids, liquids and gases. Gas 
compressibility. Chemical transformations: The 
combustion of organic substances: fuel, oxidizer 
and products. 
Ph: The temperature and its measurement. 
B: Organic and inorganic nutrients essential for 
the proper functioning of the body: the energy 
requirement of human beings. 

1.2.7. Level 4: (N4 º) 
Ch: State changes of different substances: 
evaporation and condensation. Intensive 
properties of various substances: melting and 
boiling point. Effect of temperature on solubility. 
Ph: Difference between heat, temperature and 
sensation towards temperature.The weight and 
mass. 
B: The features, location and function of the 
equipment and / or systems related human 
nutrition. The digestive system and digestion in 
animals omnivores, herbivores and carnivores. 
Sexual reproduction in animals. 

1.2.8. Level 5: (N5 °) 
Ch: Chemical elements: metals and non-metals. 
Ph: The transfer of heat energy: thermal 
balance.Energetic balance and power. 
B: Artificial sexual reproduction in animals: 
artificial insemination in cattle and sheep. 
Energetic and plastic nutrients. 

1.2.9. Level 6: (N6 º) 
Ch: Density as intensive property of the systems. 
Corpuscular model of the matter: atom and 
molécule. The mass conservation law. Lavoisier 
law. 
Ph: The energy and conservation. The thermal 
energy and temperature. 
B: The levels of organization: ecosystem 
(species), cellular (cell), molecular (DNA). 
Genetic improvement of plants and animals: the 
transgenics. Heterotrophic nutrition chains, 
networks and trophic pyramids. Cycles of matter 
and energy flows. 

2. Logistics project 

2.1. Activity 1 (Motivator) 

Individual work N3,4,5,1st, 2nd, 3rd, 4th, 5th, 
6th. 
We shared a snack consisting of milk, cocoa, 
sugar, cookies and fudge. (They took in their 
original containers: whole milk, low fat, 
skimmed milk, and powdered extracalcium 
milk).Transparent containers were used to place 
milk. 
We used two jars of caramel of different 
consistency (one creamy and one firm). 
The teacher asked the students to observe the 
color, smell, taste and appearance of the milk in 
the glass and enter their observations in their 
Science Journal (SJ). He asked the students to 
observe the color, smell, taste and appearance of 
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caramel on the cookie and write down in their SJ. 
Students of N3, 4, 5 who could not read or write, 
had milk envelopes, bags photos and also photos 
of a cookie with creamy and firm caramel pasted 
on their SJ to mark another consistent 
observation. 
Questions as these ones arose: What is milk? 
What is the cow like? Why is milk white and 
caramel brown? 

2.2. Activity 2 

Individual work N3, 4,5,1st, 2nd, 3rd, 4th, 5th, 
6th. 
We visited to the local supermarket and asked 
students to write down in their SJ brands and 
varieties of milk sold, and their due dates. The 
same was done with caramel and were asked to 
write down in their SJ whether to tilt or shake the 
container, if the consistency was perceived 
"creamy" or "firm". With students N3, 4,5,1 º we 
worked with photographs and made a game 
where each child was a product that had to be 
placed in the refrigerator or on the shelf. We also 
envisioned milk advertising spot and inquired 
about the interpretation of his message for the 
children. 
Questions as these arose: Why is the milk bag in 
the refrigerator and not the one that comes in the 
box? Why is the caramel on the shelves and not 
in the refrigerator? What do you mean by 
"pasteurized and ultra-pasteurized"? What is 
Omega 3? What does partially "delactosed" 
mean? Why is the expiration date of the milk box 
larger than the stock market? Why does caramel 
last longer? Why is there a "harder" and a 
"softer" caramel? Among them they were 
wondering: what kind of milk was used in their 
homes? 

2.3. Activity 3: 

Teamwork (4 to work with the milk and 4 with 
the caramel) N3rd, 4th, 5th, 6th. 
We made another visit to the local supermarket 
and asked students to write down in their SJ, the 
chemical composition (nutrition), the energy 
value and the price, in a group of milk and other 
caramel. 
Why this milk is more expensive than this one if 
they bring the same amount? 
At the bakery and deli section we asked the 
workers what uses they had for milk and 
caramel. We collected data and the results were 
recorded in a table that each child kept in his SJ. 

From this interpretation of the same new 
questions arose: Which is the most expensive 
milk? Why do you think it is more expensive? 
What chemicals do all milks have in common? 
What chemicals does caramel have (that milk 
doesn`t)? What chemicals does milk have (that 
caramel doesn`t)? What would be more 
nutritious: eating caramel or fresh milk? What 
kind of milk do you think will be most suitable 
for making the caramel? 

2.4. Activity 4 

Teamwork experiments with Kit. (*) N3rd, 4th, 
5th, 6th 

2.4.1. Investigating the presence of water in 
the milk. 
30 drops of milk placed in a test tube. Heat to 
boiling and placed above a metal spoon. The 
same is fogged due to condensation of water 
vapors detached. See also the condensation of 
water on top of the tube. 

2.4.2. Research Carbohydrates present in 
milk. 
To recognize the presence of carbohydrate 
Fehling Reagent is used. Use safety glasses. 
Place in a test tube 10 drops of Fehling Reagent 
"A" and 10 drops of Fehling Reagent "B", 
stirred, heated and adds 20 drops of milk. 
Reheated. The appearance of a reddish color 
indicates the presence of carbohydrate. 

2.4.3. Investigating the presence of lipids in 
milk. 
In a test tube placed about 20 drops of whole 
milk, adding a few drops of lemon juice or 
vinegar to observe that the milk is “cut”. Place a 
small portion of the solid part of curdled milk in 
a brown paper, leave a few minutes, remove the 
solid and dry with paper hairdryer. 
A translucent stain is when dry, will indicate the 
presence of fatty materials. 

2.4.4. Investigation of the protein in milk. 
 To verify the presence of protein in the milk, 
you used in the Biuret Reagent: placed in a test 
tube 10 drops Biuret Reagent "A" and 10 drops 
of Biuret reagent "B", add 20 drops of whole 
milk and gently heated. The appearance of a 
violet color indicates the presence of protein. 
(*) Kit designed for experiments in teams of 4 
children, consisting of: 10 test tubes, rack, 
alcohol burner, plastic lighter, safety glasses, 
wooden pipe clamp, 6 slide and cover glass, 4 
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Plastic pipettes, Fehling Reagent (A and B) 
Biuret Reagent (A and B), kraft paper, 
thermometer. 
We shared of information obtained and the 
results were recorded in a table that each child 
kept in his SJ. From the interpretation of the 
same new questions arose. 

2.5. Activity 5  

Individual work for class and home. N3rd, 4th, 
5th, 6th 
They were asked to investigate XO laptops using 
the Internet: 

2.5.1. Location of the geographical areas of 
Uruguay with higher milk production. 

2.5.2. Cattle breeds used in Uruguay to 
produce milk. 

2.5.3. Biography and historical review of 
Louis Pasteur`s investigations. 

2.5.4 Historical research on the origin of 
caramel. 

2.5.5. Search for recipes for making caramel. 
We shared of the obtained information. 

2.6. Activity 6 
Visit to a dairy. N3, 4,5,1st, 2nd, 3rd, 4th, 5th, 6th 

2.7. Activity 7 
Teamwork. Making milk candy (fudge) 
N3, 4,5,1st, 2nd, 3rd, 4th, 5th, 6th 

2.7.1 Recipe 
Heat to high heat in a copper or aluminum pot, 
stirring until sugar dissolves: 3 liters of milk and 
1 kg of sugar. By breaking the boil off the heat 
add: ¾ teaspoon baking soda dissolved in ¼ cup 
of milk. Simmer, stirring with a wooden spoon, 
periodically and continuously in the beginning to 
the end. The sweet should thicken and take a tan. 
Is about whether to pour a drop on a plate, takes 
consistency and water hovers on the edge. 
Remove from heat. Packaged. 
Questions as these ones arose: What are the 
physical states of the ingredients we used to 
make the candy? Why do you think the pot 
should be copper or aluminum? What kind of 
chemicals are these? Place them looking at the 
periodic table. What is formed by adding sugar 
to the milk and stiring? Which one the solute and 
which one the solvent? Is this a homogeneous or 
heterogeneous system? What happens to sugar as 
milk is heated by tirring? What are you using on 

the spoon to make the milk into the pot to move? 
How do you explain the fact that at one point of 
heating process, the "milk goes up"? What 
temperature thermometer register at the time? 
How do you explain the formation of the 
"cream"? What is its physycal state? 

 

Figure 1. Milk candy making 

If you used a gas stove and to turn it on you used 
a transparent lighter. What do you see in it? A 
liquid or gas? When you open its valve what 
comes out, a liquid or a gas? How do you explain 
that? How do you call the process responsible for 
the production of heat in the lighter? Is it a 
physical or chemical change? What name are its 
components? If you use an electric stove, how do 
you explain the production of "heat" on the 
stove? When you add the sodium bicarbonate 
(baking soda) to milk who behaves like one as 
solute and solvent? What do you see when you 
enter the sodium bicarbonate solution in milk 
into the pot? Do you think that there is a physical 
or chemical change? Why do you think that little 
by little the color in the pot is becoming 
increasingly brown? What happens to the 
"density" of the contents of the pot as it gets 
warmer? Do you think that the mass of the 
contents of the pot are kept during the 
manufacturing process of fudge? Why? 
N of A: The questions were assigned according 
to the program content of each level. 

2.8. Activity 8 

Teamwork experiments with Kit. N3rd, 4th, 5th, 
6th 

2.8.1. Investigating the presence of water in 
the milk candy. 
Place 1 teaspoon of milk candy in a test tube and 
push with the spatula to the bottom of the tube. 
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Heat and place a metal spoon above. Notice that 
water is not apparent because it was consumed in 
the manufacturing process of the caramel. 

2.8.2. Investigating the presence of 
carbohydrates in the milk candy. 
To recognize the presence of carbohydrate in the 
milk candy Fehling reagent is used. Use safety 
glasses. Dissolve 1 teaspoon in a glass of milk 
candy you made up with 20 mL of hot water. Stir 
well. Place in a test tube 10 drops of Fehling 
Reagent "A" and 10 drops of Fehling Reagent 
"B" waves, heat and add 20 drops of liquid with 
caramel. Reheat. The appearance of a reddish 
color indicates the presence of carbohydrate. 

2.8.3. Investigating the presence of lipids in 
the milk candy. 
Place a small piece of fudge in a brown paper, let 
it dry for a few minutes and dry the paper with a 
hairdryer. A translucent stain when dry, will 
indicate the presence of fatty materials. 

2.8.4. Investigating the presence of proteins in 
the milk candy. 
To verify the presence of protein in the milk 
candy Biuret Reagent is used: place 10 drops 
Biuret Reagent "A" and 10 drops of Biuret 
Reagent "B" in a test tube, add 20 drops of liquid 
with caramel that was used in the recognition of 
carbohydrates and gently heated. The appearance 
of a violet color indicates the presence of protein.  

 
Figure 2. Investigating water, carbohydrates, lipids 

and proteins in the milk candy 

2.9. Activity 9 

Visit to an industrial plant making fudge.  
N3, 4,5,1, 2nd, 3rd, 4th, 5th, 6th 

2.10. Activity 10 

We shared lunch with the children, their parents 
and/or grandparents. 
N3, 4,5,1st, 2nd, 3rd, 4th, 5th, 6th 

2.11. Activity 11 

Teamwork. Cleaning  
N3, 4,5,1st, 2nd, 3rd, 4th, 5th, 6th 

2.11.1. And after cooking: a clean... 
There are a number of products that according to 
what ads say, facilitate cleaning. What do we 
know about these items, along with their names, 
maybe prices and uses? How do you make soap? 
What is the difference between soap and 
detergent? What does the word “biodegradable” 
mean? 
Children are asked to investigate the history of 
soap and detergent and its social and economic 
impact. Some children are suggested to clean 
with soap and other detergent and then compare 
the results. 
The pilot phase of manufacture of soaps and 
detergents and the detailed study of their 
properties constitute a goal to develop in the next 
project. However, as a support to the teacher 
regarding the information that children can be 
raised in the class, we provide the following 
information. 

2.11.2. Cleaning action of soaps and 
detergents 
Cleaning any object is to remove substances 
undesirable acceded to it. Dirt, is usually 
a heterogeneous mixture of substances of various 
origins and characteristics. 
Technically we call detergents to all agents that 
serve washing, but in practice we call synthetic 
detergents, or just detergents, to the ones that are 
obtained from petroleum derivatives, and soaps 
which are obtained from tallow or animal oils or 
fats vegetables. 
The difference between soaps and detergents 
does not only rely on the use of raw materials to 
obtain them, but also in their chemical 
composition, and therefore, in some of its 
properties. 
As the first detergent obtained were liquid, many 
people often identified as soaps as solids and 
detergents as liquids, but this concept is 
incorrect. 
The washing process involves two stages: the 
removal of dirt from the surface by washing and 
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distribution in the washing liquid, without re-
depositing. 
In the case of fabrics it is essential, first, to 
achieve good wetting. To remove dirt, cleaning 
solution must penetrate between the fibers, i.e., 
between the interstices of the dirty fabric. The 
agitation (either by hand scrubbing action or 
movement in the case of a washing machine) and 
the use of hot water, favor the detachment of the 
fat (generally adhered powder) which is 
suspended in the soapy water, forming small 
globules. This situation is stable and prevents dirt 
redeposit on the washing object. 
Thus dirt cloths and scrubbers were washed 
during the manufacture of caramel. 
Both detergents and soaps are constituted mainly 
by substances exhibiting, in its structure, an 
extreme water-soluble (hydrophilic) and the rest 
therein insoluble (hydrophobic). In industry, 
these substances are called surfactants. If the 
surfactant is attacked by microorganisms in the 
environment, it is said that the detergent is 
biodegradable. 

3. Results 

The implementation of the project resulted in: 

1) Prioritize the ongoing interaction between 
science and society. 
2) Encourage respect for the environment. 
3) Develop hypothetical-deductive thinking, 
and inductive reasoning by analogy. 
4) Interact with reality. 
5) Participate actively in society. 

Through a common thread: milk and its use to 
make the delicious caramel that all Uruguayan 
children adore: 

1) It was possible to work on curriculum 
issues of science that were from the 
aggregation states of solid and liquid matter 
and its organoleptic properties (levels 3 and 
4) to the density and intensive property and 
the principle of conservation of mass (6th 
year). 
2) Inter-multi-transdisciplinarity of Natural 
Science was achieved. 

4. Conclusions 

Eventhoug working dynamic was new to most of 
the participating children and they found it 
difficult to adapt, they quickly overcame these 
difficulties with increasing interest and research 

consulting, leading in turn to greater scientific 
and technological curiosity and a critical 
development. Perhaps the greatest difficulty 
encountered was that all children were active at 
the same time during the development the 
experiments and to cook the caramel. 
We achieved a good articulation between 
inquiry, research, experimentation and 
development of oral and written expression. 
The research on the "history of milk candy" 
allowed them to relate the historical situation of 
Uruguay with the nineteenth century America 
and understand why so many American countries 
"compete" now in the fact of being the 
"inventors" of caramel. 
A visit to the local supermarket allowed the 
children to perceive that the object of study was 
related to everyday life situations and that it 
would be useful to understand situations related 
to food products that their family regularly buy. 
The visit to the dairy allowed to contact the rural 
social environment and learn about nutrition, 
digestion and reproduction of cows, assisting the 
state of pregnancy and the process of artificial 
insemination. 
It also allowed them to develop respect for the 
environment and the use of alternative energy 
sources to learn the operation of a device that 
uses cow manure to generate methane gas. 
The visit to the industrial manufacturing caramel 
plant gave children the opportunity to observe 
the operation of machines, ensuring that the same 
process that they performed in a "hands on" way 
was small-scale while large-scale was done using 
machinery and different energy sources, then 
making the connection between science and 
technology. 
Sharing snack with parents and/or grandparents 
managed to involve the family in the project and 
show the knowledge and skills acquired by 
children in the process. 
 Scientific language used in different activities 
throughout the project was adequate prior 
knowledge acquired by children according to 
their different school level and the demands of 
the curriculum required by the educational 
authorities of Uruguay. With children of N3, 4,5 
not yet literate, we worked with images, pictures 
and drawings that they ordered, classified and 
grouped according to requirements. 
The impact of activities on children who 
participated in the project was to achieve a high 
motivation in the study of science in general, an 
increase in the ability to manipulate materials 
and equipment necessary for carrying out the 
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experiments as well as a predisposition to 
analyze and question the situations generated 
beyond the scientific frontiers. 
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Abstract. The purpose of this paper is to 
explore the possibility to develop students' 
concept and understanding of atmospheric 
pressure with hands-on physics experiments. 
Three hands-on kits used for different goals, in 
which medical syringes and industrial syringes 
as the main components were used. The first one 
is a convenient one for quantitative analysis by 
students themselves on atmospheric pressure. 
The second one is made up of industrial syringes 
and for the demonstration of heavy handling by 
atmospheric pressure. The last one, syringes 
form a lifting control system and act as vacuum 
tubes that can lift up an adult. The results show 
that the participants were impressed by the 
demonstrations that it helped them to understand 
the concept of atmospheric pressure and how the 
concepts come from. 

Keywords. atmospheric pressure, hands-on, 
syringe, demonstration 

1. Introduction 

In current education, science teachers need to 
establish methods of lively teaching activities, 
inquiry through experiments, learning from daily 
life and also to put lots of efforts to bring up 
students’ abilities, such as, initiative to identify 
problems, scientific inquiry and problem solving. 
Hands-on activities that can stimulate students 
'interest, and cultivate scientific attitude and 
scientific method, are emphasized in science 
learning. Through the experimental activities 
students could learn how to inquiry about the 
nature of science, science attitude and science 
process skills. Experimental activities have been 
part of science education for a long time. The 
application of proper experimental activities can 
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help students to construct knowledge [1, 2, 3, 4]. 
Elements in the plastic syringes kits that are 
commonly used in medicine, industry and 
aquarium can be used in scientific experiments 
activity design. The syringe can easily provide a 
varying closed space with its movable piston. 
They can be applied to many concepts to 
explore, including the principle of the connecting 
pipe, Pascal's principle, Boyle's law, buoyancy, 
etc. They can also be used in conjunction with 
hoses, valves and stopcocks to simulate daily life 
goods such as balloon inflator, hydraulic control 
mechanical system, etc. Plastic syringe 
experiment kits are low cost, easy to obtain, 
durable in normal use and convenient for 
creative combination just like the common Lego 
block. Students can learn science and develop 
creativity by applying these simple things in 
science experiments. 

2. Methodology 

In order to develop atmospheric experimental 
devices by using plastic syringes and to study the 
effectiveness of their teaching, first we formed a 
professional team to design teaching aids. Then 
we constructed materials, teaching plans and 
learning sheets following the science teaching 
mod, Hot-IHVs (Hands-on-Toward Interactive 
Historical Vignettes) [5,6,7,8]. These teaching 
materials have been under five science education 
experts review. Finally, the qualitative data of 
effectiveness of learning and students’ feelings 
were collected after a 2-hour lesson. One set of 
data came from 34 non-science major students at 
a university and the other from 35 grade nine 
junior high school students. The comments about 
those innovative devices and science teaching 
models were also collected from 35 primary or 
secondary school science teachers after a 3 hours 
workshop. 

3. Results and Discussions: 

(1). Atmospheric Pressure Experimental 
apparatus 

There are three innovative devices made in 
accordance with different teaching functions and 
operational ways; the hands-on type, the hanging 
type and the lifting type. All three atmospheric 
pressure experimental apparatuses are described 
below. 

The hands-on type 

A closed cavity is made by a plastic syringe and 
a three-way stopcock. It is very easy to change, 
open or close. A plastic bag is tied on the syringe 
with a rope as a scale, and the filled water bottles 
as weights (fig. 1a).  
It can be used as typical hands-on experiments 
done by students themselves even in an ordinary 
classroom. It can also be used for demonstration 
operated by teachers. In this case, students will 
observe and record the data together (fig. 1b). 
The operation method is very simple. First, open 
three-way stopcock, push the syringe plunger to 
the bottom. Second, close the three-way 
stopcock. Finally put the water bottles into the 
bag one by one until the piston starts to move. 
The magnitude of the atmospheric pressure is 
about 1 kilogram per square centimeter. The 
hanging force can be estimated once the cross-
sectional area of the piston to be known. There 
are two simple methods to calculate this area. 
Measure the actual distance between two scales 
on the ruler on the syringe, then take the scale of 
the displayed volume divided by the distance. 
Otherwise, measure the internal diameter of the 
syringe directly, and then calculate the area. The 
cross-sectional area of different kind syringes 
with the same capacity will be different. To 
“Top” label 20cc syringes, for example, the 
actual distance between the scales of 20cm3 
capacity is 6.30cm, so the available cross-
sectional area is 3.17cm2. Multiple it by the 
atmospheric pressure 1033.6 gw/cm2, in general 
conditions. The hanging weight will be 3277gw. 
Friction between the plunger and cavity is more 
than ten percent of the hanging weight. The 
actual hanging weight would be about 5 to 6 
600c.c. bottles of water. 

The hanging type 

To lift a real person is possible which will indeed 
to deeply impress students about the concept of 
atmosphere. Instead of the medical syringes 
which are with a small cross-section, a larger 
300c.c. industrial syringe, (fig. 2a) is used in this 
apparatus. The cross-section is approximately 
20cm2, and the hanging weight could be 20 kg or 
more. With two syringes, it can hang a weight of 
nearly 40 kg, as shown in fig, 2b. 

The lifting type 

Although we can increase the hanging weight by 
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using multiple syringes, there are always some 
technical flaws in it, mainly caused by the 
leaning plungers. The special design device in 
fig. 3 is made of acrylic and metal materials with 
130cm2 cross-sectional that could be used to 
suspend a 60-kg adult. It can also be used to lift 
weight with an air-pumping system consisting of 
syringes and shutter (fig, 2a). Even though the 
friction would reduce the lifting weight it can 
still lift an adult easily. 

 

Figure1a. The hands-
on type 

Figure 1b. 
Demonstration 

 

Figure 2a. The hanging 
type with an air pump 

Figure 2b. Hanging a 
nearly 40kg weight 

  

Figure. 3. The lifting type, to suspend a student 

Teaching empirical results 

The data from the effectiveness of learning and 
students’ feelings was collected from the non-
science major students in a university and nine 

grade junior high school students and analyzed 
qualitatively. The comments about those 
innovative devices and Hot-IHVs science 
teaching mode were also collected from primary 
or secondary school science teachers after a 3 
hour workshop. 

The effectiveness of learning 

Students expressed that they could learn and 
comprehend the following with Hot-IHVs: 

 Galileo’s “vacuum force” is equal to the 
atmospheric pressure multiplied by the 
area. 

 There are multi-ways to understand the 
atmospheric pressure and Galileo's 
“vacuum force” assertion. 

 Atmospheric pressure can be measured 
by using water bottles and syringes. 

 How Galileo's “vacuum force” assertion 
formed. 

 Suspending a person in mid-air by using 
a simple type apparatus. 

 How to design experiments, as well as 
how results are summarized. 

 Experiment operation skills 
 Experiments will give people a deep 

impression on knowledge.  
 It is easy to understand experiments and 

theory combined together. 
 To understand why we do not feel the 

atmosphere usually due to the balance 
between outside and inside pressure. 

 Easy to remember for the real life related 
material 

 More interest in the natural sciences 
 What a scientist's life it is. 
 The scientist's attitude to explore with 

courage like Galileo's fearless conflict 
with the church. 

 The interesting dialogues of Galileo 
 Scientific methods. 
 Development of science. 
 That old knowledge often has 

skepticism. 
 Truth to be proved by scientific evidence. 
 There are always lots of efforts for 

making scientific discoveries. 
 How to think, to prove and to overthrow. 
 Scientific discoveries do not come 

suddenly, but need effort and 
accumulation of knowledge. 

 Making hypotheses, designing 
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experiments, and having the right 
attitude. 

 New knowledge with an open mind 

Students’ feelings 

Students’ responses to Hot-IHVs teaching: 

 There is a great power and influence for 
the atmospheric pressure which is 
usually invisible and ignored. 

 There is an unbelievable huge force in 
the atmosphere 

 Intuitively feeling the atmospheric 
pressure 

 The atmosphere is like a magician, so 
wonderful 

 Scientists to persist in science by their 
believe  

 Dissolve to that scientists dedicate to the 
truth of science in the information lack 
age.  

 To pay tribute to who dedicate to the 
hands-on experiments development. 

 Learning motivation to be excited by 
those simple hands-on experiments.  

 Daily goods can be an element of the 
experiment apparatus. 

 Concepts or apparatus of the atmospheric 
pressure can be used in life, such as 
machines and extremely heavy hanging. 

 Science is always found everywhere in 
daily life. 

 Physics is fun, for it can be applied in 
daily life. 

Comments of school science teachers 

More than 90% sample teachers highly approved 
of Hot-IHVs teaching with the atmospheric 
pressure apparatus. Agreement to all questions is 
average up to more than 4.70 and it’s between 
"agree" and "strongly agree" on a five-point 
Likert scale and it is also significantly higher 
than the theoretical midpoint (p <.05). Those 
data means that the subject teachers agreed very 
much with those innovative hands-on aids and 
creative teaching mode about the atmospheric 
pressure. They will use it in their future teaching 
and expect to participate again in similar 
workshops. They agree with the safety of the 
equipment, and that it can contribute to teaching 
and can stimulate students' curiosity, these 
concepts and equipment are easily found in life, 

and it is a beautiful combination between hands-
on and scientist stories. 

4. Conclusions and Suggestions 

With some elements and accessories from three 
different fields, medicine, aquarium, and 
industry, we can make useful scientific teaching 
aids by using plastic syringes. Three innovative 
devices were made, thus the hands-on type, the 
hanging type and the lifting type in accordance 
with different teaching functions and operation 
ways, for atmospheric pressure concept teaching. 
These devices are easy to make, easy to operate, 
and can enhance the effectiveness of teaching, in 
areas such as scientific knowledge, experimental 
skills, scientific inquiry, scientific interest, 
scientific attitude and the nature of science. Most 
participants expressed surprise at the power of 
atmospheric pressure lifts, the simplicity of the 
equipment, easy to link with life, interest to 
physics, as well as the understanding of some of 
the attributes of the scientists. 
Participating students and teachers’ feedback 
reflects a positive recognition of these devices 
and with the teaching of the history of science, 
they could be widely applied. There is some 
room for improvement and refinement of these 
teaching aids and teaching mode. 
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Abstract. A few inquiry based experimental 
activities belonging to the topics Light (ISCED 
2) and Electromagnetic radiation and the 
particles of microworld (ISCED 3) are discussed 
in this paper. Some of them are realised with the 
use of a school spectrometer or sensors and 
computer support. 
The introduced experimental activities are 
focused on the properties of light sources – light 
spectra and ultraviolet and infrared radiation 
produced by various light sources. Properties of 
the reflected and transmitted light and the 
relation between the colour of objects and 
incident light characteristics are also explored. 
Most of the presented experimental activities are 
suitable for the pupil exploring in the learning 
process due to their simple implementation and 
possibility to interpret the measured data 
immediately. 
Methodological remarks and proposals for the 
use in teaching are included in each activity and 
the connection between explored effects and real 
life situations is emphasized too. 

Keywords. Experiments, electromagnetic 
radiation, light, spectrum, spectrometer. 

1. Introduction 

In recent years, modern iquiry based approaches 
have become a fundamental part not only of 
physics education but science education in 
general as well [1]. 
An increased need for a more rigorous 
application of the new approaches in science 
education in the Slovak Republic [2, 3, 4, 5], 
closely relates to findings of international PISA 
testing 15-year old students' science literacy 
taken in 2006 and 2009, in which Slovakia 
participated, too. According to the PISA 2006 
and 2009 national reports [6, 7], science literacy 
of Slovak 15-year old pupils is significantly 
lower in statistics than the average of OECD 
countries. 
It is beyond doubt that a school experiment has a 
great impact on a cognitive and creative 
educational process (especially in science 
education) and it acts as a motivator arousing 
pupils' interest in physics and science in general. 
Thus one of the ways how making science 
teaching at Slovak secondary and high schools 
more effective is to reinforce the experimental 
character of science by means of standard as well 
as computer aided experiments. 
Not a less important factor is a more rigorous 
utilization of content inter-subject links that 
enables to systematize knowledge more 
qualitatively and to develop the abilities of 
knowledge synthesis and transfer from one 
subject to another one. Moreover using everyday 
pupils' experience this approach enables to 
explain basic science topics with a facile and 
attractive form. 
These are the preconditions which gave the 
foundations to the group of researchers at the 
Department of Physics, Faculty of Natural 
Sciences, Matej Bel University Banská Bystrica 
for designing the content and methodology of 
conducting the experimental activities, which 
form a part of a developed digital teaching 
material [8].  
The following sections contain examples of 
selected experimental activities belonging to the 
topics Light (ISCED 2) and Electromagnetic 
radiation and the particles of microworld 
(ISCED 3), which are currently being prepared in 
the frame of project KEGA “The use of new 
methods and forms in training of physics 
teachers and their pupils with emphases on the 
development of their competencies in science 
inquiry” at the department of the authors. 
Presented activities designed on a general level 
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SCHOOL PHYSICS 
EXPERIMENTS FROM THE 

FIELD OF NUCLEAR PHYSICS 

Peter Zilavy 
Charles University in Prague, Faculty of 

Mathematics and Physics, Czech Republic 
Peter.Zilavy@mff.cuni.cz 

Abstract. As in other areas of physics, the real 
experiment plays an important role also in 
teaching of nuclear physics. Nowadays various 
safe sources of ionizing radiation and the 
corresponding detectors are available and allow 
us to make simple and conclusive experiments in 
the field of nuclear physics at all types of 
schools. 
The paper discusses the influence of back-ground 
radiation on the interpretation of results from 
school measurements with weak radiation 
sources. 
The paper also shows several examples of 
experiments demonstrating the fundamental 
phenomena of nuclear physics such as the 
existence of radiation from natural or artificial 
sources (including objects around us), shielding 
of the radiation using different materials, some 
properties of gamma radiation, basic ways to 
protect against radiation and other. 

Keywords. Background radiation, radiation 
detection, school physics experiments, school 
radiation sources. 

1. Introduction 

Similarly to other fields of physics, the real 
experiment plays an important role also in 
teaching of nuclear physics. For more than 15 
years, Czech schools have used the set 
Gamabeta, or its newer version GAMAbeta 
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Abstract. The article deals with motivation and 
creative problems. One of the ways may be 
nonconventional tasks. A part of the task 
description could be assigned in a pictorial form. 
The perception of the situation given by the 
picture is graphical and more intensive than 
verbal setting of the task. There is an option to 
use funny figures, full colour scheme, situations 
from real life or humour scenes. The verbal part 
of the picture has only supplementary function 
and consists mainly of questions for students to 
answer. 
Majority of essential data are hidden within the 
picture. A squere grid is necessary to obtain 
input numeric data from the picture. This form of 
assignment can reduce the formality of problem 
solving. The student have to consider more 
carefully what is relevant to the solution. It is 
possible to find out or „read“ input data in two 
or three dimensions. Actual metrics are given in 
a particular problem. In one picture there could 
be used different metrics for variety of physical 
quantities. 
In addition to an ordinary verbal task students 
have to use their knowledge to look for required 
hidden data in the picture. Most attributes are 
not given explicitly. Students should be aware of 
what data is required to solve the task and how 
to obtain the missing information (using metrics 
of the task). The pupils who have only theoretical 
knowledge might not be able to solve the task. 
They have to be able to transform their 
experience into the „physical language“. 
Pictorial tasks occur very seldom in the process 
of education. Mostly they are used as an 
additional illustration to the verbal task. 
Students are not used to extracting any hidden 
information from pictures. Creative tasks should 
evoke students' deeper interest in physics. 

Keywords. motivation pictorial task, 
motivational problem, centre of gravity, 
unconventional pendulum, forced vibrations, 

resonance. 

1. Motivational Pictorial Task 

Motivational pictorial tasks could serve for 
enriching physics lessons. They could be used 
also as a pictorial suggestion for an experiment. 
See examples below from various parts of 
physics. 

1.1. Stability and the Centre of Gravity 
(Fig. 1) 

Is it possible to place a butterfly with its „pointed 
end” on the muzzle of a curious dog, so that it 
stays on and even oscillates there? If it is not 
possible what is the minimum weight we have to 
put into orange dots of butterfly to make the 
situation in the Fig. 1 realistic? 
To extend the range of experiments with centre 
of gravity we could use two different versions of 
the Fig. 2. First simple version consists of 
making a paper model of a butterfly from paper. 
Then using paper clips as weights on its wings, 
we can stabilise butterfly to stay on our finger or 
on a straw. 

 

Figure 1. Centre of gravity 

For the second version we would need a 
cardboard, two straws (for its antennae), two 
little balls, elastic band and adhesive tape. Using 
tape we will fix straws onto the butterfly in the 
position of its antennae. Then we thread the 
elastic band through the straws to fix the balls on 
the top of straws by making knots. By moving 
straws we will set up the stable position for the 
butterfly to “sit on” the top of the finger Fig 3. 



10th International Conference on Hands-on Science 
Educating for Science and through Science 
© 2013 HSci. ISBN 978-989-98032-2-0 

 

 

93 

 

Figure 2. Finger and butterfly 

1.2. Unconventional pendulum (Fig. 4) 

A mosquito has decided to stop feeding on 
human blood and serve science instead. He wants 
to find out the speed of the water pushed through 
the syringe. For this purpose he has recycled a 
plastic bottle and modified it into a pendulum. 
This unconventional pendulum hit by the water 
started to oscilate with the time period of 1 
second. What is the speed of the sprayed water 
from the syringe? (1segment in the Fig. 4 is 
equivalent to 2 cm). 

 

Figure 3. Experiments with butterflies 

1.3. Weighing (Fig. 5) 

Thumbelina wants to find out her weight. Her 
father, a keen physicist, constructed an 
unconventional scale for this purpose. The Fig. 5 
shows the scenario where the chessboard with 
pawns and Thumbelina is balanced. Find out her 
weight. 

1.4. Flick in the service of science (Fig. 6) 

Old gardener is thinking about his future harvest 
of cherries. He has prepared a game for his 
grandchildren – flick-shooting into the watering 

can with cherries' stones. What must be the speed 
of a cherry stone to hit the neck of the watering 
can exactly? What is the force we have to use to 
get the cherry stone moving with desired speed? 
Let's assume that the weight of a cherry stone is 
0,3 g and „the hitting time“ is 0,05 s. 1 segment 
in Fig. 5 corresponds to the length of 10 cm. 

 

Figure 4. Unconventional Pendulum 

 
Figure 5. Weighing 

1.5. “Rescue Mission” (Fig. 7) 

Tiny figures are trying to save the mug from 
falling down. As per situation shown in Fig. 7 
can you say if they are going to succeed? 

2. Motivational Problems 

One of motivation “tools” in physics are 
experiments and unbelieveble situations. To 
demonstrate this we would like introduce some 
of our experiments with instructions from 
various parts of physics. 

2.1. The Resonance (Fig. 8) 

One of my sporting tools can be used to 
demonstrate the resonance. It is a boxing tool 
connected to the mat on the floor. In addition we 
need an elastic band and a round box. The 
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boxing tool will serve for our experiment as a 
pendulum. We will need the rounded box to act 
as a harmonic forcing function. When the forcing 
frequency is close to the natural frequency of the 
pendulum the system will exhibit resonance. 

 

Figure 6. Striking range of the cherry stone 

 

Figure 7. What is happening with the mug? 

2.2. Balloon – Detective Story with “a 
Model” 

Balloons – that's ideal entertainment for naughty 
kids with pins! But did you know that in some 
places even a pin is powerless? The balloon has 
one special place on its surface where it is 
“invulnerable“? How does a pin actually cause a 
balloon to burst? When we pierce an unblown 
balloon nothing happens. There will only be a 
small pinhole. 
For simplicity we can imagine the surface of 
unblown balloon as small balls connected with 
elastic bands. In our model the piercing of 

unblown balloon corresponds to a cut of one of 
the elastic bands. It means that the mutual bonds 
are disrupted without any other consequences. In 
this scenario two neighbouring balls are not 
connected but it doesn't influence the rest of 
bonds among other balls. 

 

Figure 8. Resonance 

 

Figure 9. “Model” of the balloon 

The swelling of the balloon and stretching of 
rubber material represents stretching of elastic 
bands between balls – the surface of the balloon 
is expanded. Forces act on each of the balls from 
the elastic bands surrounding them but they 
cancel each other out. The resultant force on 
each of the balls is zero. That's why each ball is 
idle. What will happen if we interrupt one of the 
elastic bands? The equilibrium of the system is 
violated. The affected ball starts moving in the 
direction of the resultant force. If you look at the 
Fig. 9 you can see that this situation impacts all 
other balls as well. Some of the elastic bands 
start stretching too much and they are raptured. It 
is a snowball effect and more elastic bands are 
parted. The grid is torn. The balloon burst. 
Even when the balloon is fully blown up there is 
one particular place on its surface where the 
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rubber material is not fully stretched. It is the 
place where the rubber material is much darker. 
If we penetrate balloon in this particular place it 
doesn't burst. This situation corresponds to the 
first scenario. We can see a pinhole but the 
balloon stays whole. 

 

Figure 11. Experiments with balls and marbles 

The reason for a balloon to have this spot is the 
way of its production.When we look at the 
unblown balloon we can find the spot with a 
cruder layer of rubber material.We have to take 
into account one another factor – the shape of the 
unblown balloon is not a circle but an oblong 
one. The preasure of the compressed air in the 
balloon causes the stretching of the rubber 
material of its surface but not evenly. „The 
cruder spot“ resists more and that's why it 
stretches less than other parts of the surface. 
In our model this could be represented by the 
cruder elastic bands in this place. There is a 
lesson learnd for our little mischiefs. Using a pin 
to blow out balloon has its well-known effect. 
But definitely more impressive suprise for the 
spectators would be to have a fully blown 
balloon pierced with a pin and stay whole. 

2.3. Principles of Conservation, 
Handmade Experiment (Fig. 11) 

We are going to introduce our own simple 
execution of well-known experiment on 
Principles of Conservation using needless 
household things! We are using a cover from an 
old computer as a holder. We need at least 3 old 
tennis balls. Then we need thread and clothes 
pegs. See the execution of the experiment in 
Figure 10. We need to divert one of the balls and 
then watch the consequences. Then we will 
repeat the process with two balls, three balls, etc. 
Instead of tennis balls we can use marbles from 

old computer mice. Alternatively we can have a 
modified box as a stand. Instead of clothes pegs 
we can use office clips. Further options of 
carrying out this experiment are in the hands of 
students and their imagination. 

3. Conclusion 

Pictorial tasks and experiments could serve for 
reaching physics lessons and evoke student’s 
deeper interest in physics. 

4. Acknowledgements 

We acknowledge our family, colleagues and my 
friend in Great Britain. 

5. References 

[1] Baník I, Baník R, Chovancová M, 
Lukovičová J. Physics in Non-traditional 
Way 2–Hydromechanics, Waves, Thermo-
physics, STU, Bratislava, 2008, p. 411. 

[2] Onderová Ľ, Kireš M, Ješková Z. The 
Physics around us in the experiments and 
problems. In: Veletrh nápadů učitelů fyziky 
10: Praha, 2006. p. 70-74. 

[3] Onderová Ľ. The Balloon and Physics. In: 
Veletrh nápadů učitelů fyziky 12. Praha, 
2007. p. 137-141. 

[4] Gabková J, Halusková S. Inter disciplinary 
relation at the education at the laboratory 
exercises. In New trends in physics Brno, 
2012. p. 205-207.  

[5] Holá O. Natural science in our life today 
and tomorow. In: Badania w dydaktyce 
fizyki. Krakow, 2012. p. 22-26. 

 
  



10th International Conference on Hands-on Science 
Educating for Science and through Science 

© 2013 HSci. ISBN 978-989-98032-2-0 

 

 

96 

HOME EXPERIMENTS OF 
PUPILS AND STUDENTS - A 

WAY TO INCREASE THE 
INTEREST OF YOUNG PEOPLE 

IN PHYSICS, ENGINEERING 
AND SCIENCE 

I. Baník, M. Chovancová, G. Pavlendová 
Department of Physics, Faculty of Civil 

Engineering, SUT, Slovak Republic 
ivan.banik@stuba.sk, 

marcela.chovancova@stuba.sk, 
gabriela.pavlendova@stuba.sk 

Abstract. One of the ways how to enhance 
interest in physics is to enforce the experimental 
nature of teaching this subject, namely by 
promoting the simple experiments, at least such 
which can be carried out at home. My 
presentation is devoted to the propagation 
and/or description of the simple home physical 
experiments. The methods help students to 
eliminate formal study and enable better 
understanding of notions and laws of physics are 
presented. 

Keywords. Physical experiments, Simple 
experiments, Teacher training, Physics education 

1. Introduction 

Technical progress and namely the development 
of advanced technologies is unthinkable without 
a profound knowledge of the laws of nature - 
without understanding the various physical 
phenomena and contexts. Just to mention a 
variety of laser measurement technology and 
equipment advanced information technology, 
computer-controlled safety systems of nuclear 
reactors, medical tomographic technique, 
transmission in space and astronomy, and other 
facilities. But physics with its capabilities 
influences not only the top technical equipment, 
but also the daily human life. Just remember 
even a video technology and CD-systems, 
personal computers, microwave ovens, mobile 
phones, car locking devices, etc. Physics strongly 
influences also other sciences, enables advances 
in biology, medicine and so on. The development 
of physics as a discipline will require highly 
qualified professionals. But given the fact that 
physical methods are being increasingly used in 

other areas of science and technology, the role of 
physical education is extremely important. To 
achieve these objectives not only teachers should 
be involved, but also other segments of society, 
in particular parents and relatives, media and 
various social institutions and society as a whole. 
The general climate of the society should orient 
youth towards a positive relationship to 
knowledge. 
The subject physics is usually too difficult for 
children; it is needed to make the physics-
teaching more interesting and accessible. There 
is no universal recipe for successful learning and 
teaching process. Many good and healthy ideas 
are nevertheless known. One most significant 
point is the problem of motivation. How to 
motivate the pupils, resp. students to be 
interested in concerning problem? One way to 
enhance the interest in physics is to enforce 
experimental character of physics teaching and 
namely by promotion of simple experiments.  
Activities of a student concerning experiments in 
physics may not be restricted either inside 
physical laboratory or by the time spent in it. 
Even aids used in experiments do not have to 
resemble to those in the labs. A student’s 
approach to a laboratory device is usually 
complex. He feels presence of a wall between his 
own home possibilities and laboratory 
instruments. At the same time many experiments 
and measurements can be done at home using 
simple aids. Such a possibility makes 
descriptions of an experiment more attractive. It 
provokes a student to use home-made aids to 
look for connections among data. 
One of the ways how to enhance interest in 
physics is to enforce the experimental nature of 
teaching this subject, namely by promoting the 
simple experiments, at least such which can be 
carried out at home. Our presentation is devoted 
to the propagation and/or description of the 
simple home physical experiments. Simple 
physics experiment did not stop to have meaning 
today and it will never stop. It's sort of breast 
milk of school physics. Experimental physical 
activity of students in the household positively 
affects the attitude of society towards the 
learning of this subject. 

2. Some home experiments and 
measurements 

Inertia of bodies  

Place a bottle full of water on the end of table. 
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Tie a thread around the neck of the bottle. When 
pulling the tread slowly, the bottle starts mowing 
or even topples over. When pulling the thread 
abruptly, it breaks without the bottle moving. 

Law of Conservation of Momentum 

You need two identical glass balls. Place one of 
them on a smooth table surface, the other one 
will serve as a bullet you will shoot in a defined 
direction at the first ball. The direction of the 
bullet is determined by the edge of a book laid on 
the table along which you will shoot. 

Figure 1. 

Observe the motion of the balls for a short period 
of the time after a clash, then stop both balls by 
putting your hands on them (one hand on each 
ball). This will show you the motion of the balls 
after the clash. The velocity of the particular ball 
is directly proportional to the length of its track 
from the points of clash to the point where you 
have stopped it. Mark the vectors of motion of 
the both balls after the clash on the table. By 
adding these two vectors vectorialy, you will 
obtain a vector, which represents the direction ob 
the momentum of the system after the clash. This 
vector is parallel which the „aiming edge“ of the 
book i.e. with the total momentum of the system 
before the clash. 

The Motion of the Centre of Gravity (CG) 
in a Uniform Gravitational Field 

The motion of CG in uniform gravitational field 
of two-particle system can be examined in a way 
as it is shown in the Fig. 1. Two nuts are 
connected to each other by a silk thread. The 
ratio m1/m2 = 1/2, then CG is located at one third 
a distance from the heavier nut. To make CG 
visible a table tennis ball is placed there. If this 
system is thrown up in such a way that both nuts 

also rotate in a vertical plane the ball moves in 
general along a parabolic path. This can be 
shown e.g. using many successive photographs 
of the motions. 

Angular Momentum Conservation Law 

We can demonstrate conservation of angular 
momentum by this simple experiment. A wire 
pass trough a short tube. At the one end of wire a 
metallic nut is bended (see Fig. 2). We hold the 
tube in one hand and the other end of wire in 
second one. Then, we bring the nut in rotational 
motion in a vertical plane. Puling the wire during 
the motion, we slowly shorten the rotating part of 
the wire, by this means radius of rotation 
decreases and velocity of the motion increases 
owing to conservation of angular momentum. 

 

Figure 2. 

In this experiment the net force acting on the 
screw is nearly directed to the end C of the tube 
along the wire. Angular momentum with respect 
to this point is nearly constant and its magnitude 
is mvr, where r is length of the rotating part of 
the wire and v - velocity of the screw assuming 
that, we slowly shorten the rotating part of the 
wire. Angular momentum conservation law in 
this case can be written as follows mvr = L = 
const, or v = L /mr. From the last formula one 
can see that velocity v of the rotating screw 
increases when the rotating part of the wire r 
decreases. 

Resonance 

We describe one simple way in which resonance 
can be observed and character of the resonant 
curve can be found. This method one can apply 
also in domestic conditions which should 
provoke a student to prepare a do experiment 
himself. It is not going on precise and long time 
measurement but rather we should illustrate 
essence of effect. A student has to understand 
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that proper physical notions and mathematical 
relations describe quantitatively a given 
situation. 

 

Figure 3. 

Arrangement of our experiment is shown in the 
Fig. 3. One end of a besom M lies on the ground. 
The besom in its initial position is suspended on 
the rubber which one holds in his hand, as seen 
in Fig. 3. An oscillatory motion of the hand in 
vertical direction brings the besom also in its 
own oscillatory motion. We observe the 
amplitude of motion of the upper end of the 
besom (broom). This significantly depends on 
frequency of the hand motion. The oscillatory 
motion of the hand must be somehow restricted 
(using a ring etc...) to achieve a constant 
amplitude of the driving force 

Coupled Oscillators  

Properties of two coupled oscillators can be 
demonstrated in a way which is shown in the Fig. 
4. A reverse chair rests on a table with a loop 
made from rubber and stretched on their legs. 

 

Figure 4. 

This serves as a hanger for two forks. If one fork 
we stress to swing then oscillations are 
transmitted to the other fork and backwards etc. 
We can observe energy exchange between 
swinging forks. The strength of coupling of both 

oscillators we can change either by changing the 
distance between forks or changing the stress of 
the rubber stripe. As the other example of two 
coupled oscillators with magnetic coupling can 
serve two cylindrical ferrite hanging on an ironic 
rod. These can swing in planes orthogonal to 
horizontal rod. The change of distance between 
ferrite changes the strength of magnetic 
coupling. 

A Wooden Board and a Coin  

A board is in a horizontal initial position. One 
end of the board rests on the table, the other one 
– on the hand. A coin lies on upper side of the 
board (see Fig. 5). After dropping one end of the 
board we follow the motion of the coin until we 
catch the dropping board in the hand again. 

Figure 5. 

Changing the position of the coin on the board 
we observe that at some position the coin tinkles. 
The problem rests in determining position at 
which the coin clinks. The region of tinkling 
corresponds to one third of the board length 
measured from its dropping end. In this region 
the acceleration of any point is greater than g 
(acceleration due to gravity). That is why the 
coin falls „slowly“. If we stop the fall of the 
board the coin strikes on the board and becomes 
a source of a sound. An explanation of this effect 
is involved in solution of an equation of motion. 
The initial conditions of the experiment can be 
changed by changing points of the fulcrum and 
then looking for the region of a tinkle. 

Discovering the nature of sound by means 
of ruler  

You can discover the nature of sound using an 
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and then into the water, making sure that 
no water is able to enter. 

3. Vary the angle of the wood in the water. 
At a particular angle the part of the wood 
that is submerged will act like a mirror. 

So what happened? At a particular angle, total 
internal reflection occurs in the layer of air, 
between the wood and the polythene, so that it 
behaves like a mirror. 

Real depth and apparent depth - finding 
the refractive index of a liquid 

 

Figure 9. 

You will need: a deep glass container and two 
pieces of paper (Fig. 9). Follow these steps: 

1. Draw a straight line on both pieces of 
paper. 

2. Place one of the sheets under the glass 
container. 

3. Looking down into the container from 
above, raise the second sheet of paper 
until the two lines appear (coincide with 
no parallax). 

4. Record the real and apparent depths.  
5. Calculate the refractive index n = a/b. 

Experiment with a compact disc 

If we highlight a small area S of CD disc with 
the light of classical bulb, (as shown Fig. 10), the 
angle α under which the eye O registers rays 
corresponding to the interference maximum of 
the first order will be different for various 
colours. The wavelength λ corresponding to the 
colour the eye registers looking at the area S, can 

be calculated as follows λ = O1O2.sin α, where 
O1O2 = 1,6 μm is the lattice constant of the CD 
disc (as reflecting optical lattice). 

 

Figure 10. 

Put a compact disc on the table and stand over it 
so, that your eye is above the centre of disc at a 
distance of aprox. 60 cm (Fig. 11). Place the bulb 
of a pocket torch without reflector in the middle 
of the line between your eye and the disc. After 
adjusting the position of the bulb, a beautiful 
shinning circular lattice spectrum of the first or 
second order respectively can be seen on the 
disc, depending on the position (Fig. 12). 

TV screen seen through a magnifying glass  

You can discover the secret of colour 
composition used in TV image if looking 
through a magnifying glass, at a colour TV 
screen. You will see tree basic colours which 
make the resulting picture. Intensity and relative 
ratios of particular colours vary on TV broadcast. 

An unusual method to demonstrate 
interference 

Follow these steps: 

1. Sprinkle a thin layer of fine dirt onto the 
shaving mirror. A suspension of fine mud or 
chalk smeared onto the mirror and allowed to 
dry should also work, while a film of milk 
allowed to dry on the mirror is a good 
alternative (Fig. 13). 

2. Remove the head of the torch to expose the 
bulb, which should be clear so that the 
filament acts as a small point-source of 
bright light. Look directly at the mirror while 
holding the light source close to your temple. 
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Abstract. The inclined plane experiment is 
often regarded too simple to be included into the 
College introductory physics hands-on labs. This 
paper aims to illustrate the design of the 
experiment and teaching strategies pertaining to 
teachers’ instruction and students’ mistakes 
during the experiment. 
The subjects are college freshmen majoring in 
engineering. Experiment equipment includes a 
piece of 120 cm aluminium track, a marble, a 
protractor, a ruler and a timekeeper. Students 
are required to develop a method to measure the 
velocity of the rolling marble when it reaches an 
appointed point in this inclined aluminium track. 
Three equations of constant acceleration, which 
students have learned in high school, should be 
applied to calculate the velocity. 
This inquiry-based experiment engages students’ 
interests by getting them to explore subjects for 
themselves rather than inculcate learning 
through the more traditional teaching method. It 
also helps students to formulate their ideas and 
offers students the opportunity to develop 
initiative, problem solving, decision-making 
ability, and better their experimental skills. The 
student’s misconceptions prior to the experiment 
will also be focused on for improving teachers’ 
instruction. 

Keywords. physics, misconception, inclined 
plane experiment, experimental skill.  

1. Introduction 

The experiment of inclined plane, which Galileo 
successfully carried out in 1600s, is often the 
first experiment that students learn in physics 
class. It is often regarded to be too simple to be 
included into the curriculum of freshmen physics 
laboratory experiment. 
The traditional experiment hand-outs for students 

are usually designed like cookbooks in Taiwan. 
To finish an experiment, students just follow the 
well-designed procedure step by step and fill in 
data into the blanks provided. Inquiry learning is 
instead an active process, where progress is 
assessed by how well students develop 
experimental and analytical skills rather than 
how precise their experiment results are. 
In this inclined plane experiment, students are 
required to develop a method to measure the 
velocity and acceleration of marbles rolling 
down a ramp. Three equations of constant 
acceleration and concepts of average velocity, 
which they have learned in high school 
curriculum, should be applied. Through this 
experiment, students will be able to understand 
how scientists use their background knowledge 
of principles, concepts, and theories, together 
with the skills of scientific process to prove their 
hypotheses. 
This paper will illustrate the experimental design 
and pedagogy of the inclined plane experiment. 

2. The study 

2.1. Subjects 

The subjects are 82 college freshmen majoring in 
engineering. These students will be divided into 
two classes and each class will be instructed by a 
faculty (the author) and assisted by a TA. 
Further, each class will be split into several 
groups, three students as a group. 
This lab includes a pretest, group hands-on 
experiments, and written reports after the hands-
on experiment. 

2.2. Pretest 

This is a paper-and-pencil test. Students are 
given a short demonstration before the test 
begins. After the demonstration, students must 
check a box and explain why they choose the 
answer. The pretest is designed to give rise to the 
student’s thinking before they do the 
experiments. 
The five points a, d, c, e, b are equally-divided as 
you see (Figure 1). The marble is released from 
point i as I demonstrate. 
If I measure the distance between point a and 
point b, xab, and the time interval tab, then we 
can get the average velocity Vab equals xab 
divided by the time interval tab. Similarly, we 
can get the Vde using xde divided by the time 
interval tde. In addition to Vab and Vde, Vc is the 
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marble’s velocity when it passes point c. 
Please check a box and write the reason for your 
answer if I release the marble from point i and it 
will rolls down the track and passes each point 
(a,d,c,e,b). Following are my questions. 

Q1. Does the average velocity Vab equal Vc ? 
□ Yes. If so, why? 
□ No. How do you measure the velocity 
Vc ? 

Q2. Does the average velocity Vde equal Vc ? 
□ Yes. If so, why? 
□ No. How do you measure the velocity 
Vc ? 

Q3. Do you think the two velocities of Vab 
and Vde will be the same? Why? 

Q4. If the marble rolls down from point a, 
does Vab still equal the average velocity Vab 
released from point i ? 

 

Figure 1. The inclined plane picture in the 
pretest. 

2.3. Materials and procedure of the hands-
on experiment 

After the pretest we don’t immediately disclose 
the answers, instead, we let students find the 
answers through the hands-on lab. Thus, they are 
required to develop a method to measure the 
velocity of the rolling marble when it reaches an 
appointed point c in this inclined aluminum 
track. Three equations of constant acceleration 
(Figure 2), which students have learned in high 
school, should be applied to calculate the 
velocity. Experiment equipment includes a piece 
of 120 cm aluminum track, a marble, a 
protractor, a ruler and a timekeeper for each 
group. 

Procedure 

a). Mark the points with these measurements 
like in the picture (Figure 2). 

b). Design the method by which to carry out the 
experiment. Keep in mind that the marble 
will always be released from point i. 

c). Release the marble from point i and measure 
the two velocities of Vab and Vde. Are they 
equal to each other? 

d). Release the marble from point i and measure 
the marble’s velocity when it passes point c. 
Does Vab equal Vc? 

After the operation, students must finish a brief 
report which must include the points as below. 

a). Methods and procedures. 

e). Calculate the data from the actual experiment 
and then compare it to the data calculated 
from the theoretical formula.  

f). Discuss the experiment as well as questions 
and problems encountered from the 
experiment. 

g). Write a short essay on what you have learned 
from carrying out this experiment. 

3. Findings and discussion 

3.1. Students’ common misconceptions in 
the pretest 

Two common misconceptions may be found in 
the pretest (Table 1). First, 57% students assume 
that the average velocity equals the instantaneous 
velocity of the mid point (Vab = Vc). Second, 
56% students tend to think that the two velocities 
are equal (Vab = Vde). 

3.2 Can students really see the answer 
from doing the experiment? 

Is the average velocity equal to the midpoint’s 
velocity? Can it be determined from their 
experiment data?  
Students tend to reach their verdict on the 
outcome of the experiments their prior beliefs. 
That is, if the students believe that the two 
velocities are equal, then, even though the results 
are different their answers remain affirmative. 
Despite contradicting it themselves, most 
students assert that errors of measurement occur 
in the experiments. 
It is almost a mission impossible for these 
students to see the answer from the experiment 
directly: Whether the two velocities are equal is 
not determined by their prior beliefs. Doing the 
experiment prompts them to think about the 
physics involved. Therefore, it is an opportune 
moment to give rise to panel discussion and peer 
instructions. 
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Figure 2. The given picture of the hands-on lab. 

 Q1&Q2: Is Vab equal to Vc ? 
 Yes No* Total 
Q3: Is Vab equal to Vde ? 

Yes 39 7 46(56.1%) 
No* 8 28* 36(43.9%) 

Total 47(57.3%) 35(42.7%) 82 
*correct answer. 

Table 1. Number of students in the pretest 
questions (n=82) 

 

Figure 3. Some students draw the incorrect v-t 
graph to support Vab = Vc. 

 

Figure 4. The v-t graph shows that the velocities 
(Vab, Vde and Vc) are different. 

Some of the students draw the incorrect v-t graph 
(Figure 3) to support their opinion that average 

velocity Vab equals the midpoint’s velocity Vc. 
They do not pay attention to the unequal time 
intervals in this experiment. It takes time for 
students to argue and find out their 
misconceptions. After the drastic group 
discussion, some students give up their 
misconceptions and then draw the correct v-t 
graph as Figure 4. 

3.3. Which is more important, easier to 
calculate or easier to measure? 

Most groups set their track to an angle of 30 
degrees in the beginning. Then they found the 
slope too steep to measure the short time 
intervals. Some groups reduced the angle to slow 
down the marble, and then found it easier to 
measure time intervals. Some groups still 
insisted on 30 degree because they think it easier 
to calculate. For those students, easy calculation 
is the most important factor they take into 
account. 

3.4. Some students do not know how to use 
a protractor 

It is surprised to find some students make 
mistakes when they set up the protractor to read 
the angle between the table and the track (Figure 
5). For these students, they seldom have real 
experiences of measuring the angles because the 
hands-on operation rarely put into practice in 
high school. As you can see in Figure 6, a 
number of students read the data from point A, 
while other students read the data from point B. 

3.5. Where do the errors come from? 

In the process and from their reports, we found 
students making many mistakes in: (1) data 
recording and computing; (2) measuring (length, 
angle and time); (3) calculation and making use 
of the formula. Nevertheless, they did not blame 
themselves for their own mistakes in calculation 
or measurement but attributed the mistakes to the 
inaccuracy of the experimental instruments and 
existence of friction and air-resistance. It’s 
difficult for students to differentiate which error 
comes from imprecise or inaccurate factors. Only 
when students are able to carry out the 
experiment precisely and accurately can the 
teacher reveal the further concept that the 
marble’s acceleration is not gsinθ because the 
marble is rolling not sliding down the track. 
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Figure 5. A student set up the protractor to 
measure the angle. 

 

Figure 6. The illustration of Figure 5. A number 
of students read the data A, the others read the 

data B. 

4. Implications for instruction 

Three phases are explored through this hands-on 
operation. First, it helps students to clear their 
concepts of three equations of constant 
acceleration, the resolution of forces along a 
ramp, the meaning of average velocity and so on. 
Second, it reminds students to reflect on the 
weaknesses of their experimental skills such as 
the measurement of angels and data processing. 
In this inclined plane experiment, we find that 
most mistakes come from students’ poor 
measuring skills, incorrect calculation, 
inadequate reasoning, and misunderstanding of 
the three equations of constant acceleration. 
Third, it leads students to question the role of the 
static friction and explore why and how Galileo 
do this experiment. 
This is a kind of inquiry-based learning. This 
hands-on operation encourages students to use 
their initiative instead of rote learning. In our lab, 
greater efforts have been made to engage 
students’ interests in exploring physics concepts 
by themselves rather than inculcate learning 
through the more traditional teaching method. 
Whether the inquiry-based learning is successful 
depends on the teachers. The role of the teachers 
in the inquiry-based learning is very important. 

They must help students to pose questions and 
identify mistakes they made. Most mistakes 
come from students’ poor skills, calculation by 
mistake, inadequate reasoning, 
misunderstanding, misconceptions, and the lack 
of background knowledge. After finding such 
mistakes, teachers must help students to solve 
these problems. 
Inquiry-based teaching allows teachers to learn 
about their students—what they already know, 
what misunderstandings they may have, and how 
their minds work. There are some skills for 
teachers when using inquiry. They must learn 
what hints must to give as well as what not to tell 
students. They must know how to use the 
strategy of cognitive conflict and help students to 
collaborate in solving problems together. 
Knowing how to tolerate ambiguity and use 
mistakes constructively is also important. 
Hands-on operating in trial and error and then 
finding mistakes in the process are of great help 
for active learning. In this study, we found the 
inclined plane hands-on labs can help students to 
reflect on the weaknesses of their own methods 
and concepts. It also helps students to formulate 
their ideas and offer students the opportunity to 
develop initiative, problem solving, decision-
making, and research skills. 

5. Acknowledgments 

I deeply appreciate the support and grants (Grant 
NSC101-2511-S-182 -005 -) I have received 
from the National Science Council. 

6. References (and Notes) 

[1] Trowbridge DE and McDermott LC 
(1980). Investigation of student 
understanding of the concept of velocity in 
one dimension. Am. J. Phys. 48(12), 1020. 

[2] Trowbridge DE and McDermott LC. 
(1981). Investigation of student 
understanding of the concept of 
acceleration in one dimension. Am. J. Phys. 
49(3), 242. 

[3] Wemyss T and Kampen P. (2013). 
Categorization of first-year university 
students’ interpretations of numerical linear 
distance-time graphs. Phys. Rev. ST 
Physics Ed. Research 9, 010107. 

 



10th International Conference on Hands-on Science 
Educating for Science and through Science 

© 2013 HSci. ISBN 978-989-98032-2-0 

 

 

106 

CLASSIFICATION AND 
MEASUREMENT AS A TOOL 

FOR INQUIRY-BASED 
APPROACH IN SCIENCE 

EDUCATION 

Mária Orolínová 
Department of Chemistry, Faculty of 

Education, University in Trnava, Slovakia 
morolin@truni.sk 

Abstract. In this contribution we present 
different ways of measuring used to solve science 
issues by children in lower secondary level. 
Measurement is the assignment of numbers to 
objects or phenomena and is used for 
comparison and classification. It is associated 
with the use of measuring tools that are used to 
quantify the measured property. 
The measuring can be realized in a formal or 
informal way. The formal measurement uses 
specific standards as well as specific devices for 
measuring. The informal measurement uses 
improvised dimensions and tools. 
Lower level measurements are based on 
detection frequency (nominal scales) and order 
(ordinal scales). Higher level of measuring is 
using interval and proportional scales, which are 
parametric. 
Nominal scales are based on classifying items 
into groups in accordance to some criteria. 
Ordinal scaling concerns the possibility that all 
objects of a particular class can be sorted 
(ascending or descending) according to the 
defined properties. 
Interval scales have all the characteristics of 
nominal and ordinal scales, especially the 
characteristics of the order and also the size of 
the difference between the measured objects.  
The most perfect level of measurement is 
represented by proportional (ratio) scale, also 
called the absolute scale. The second name 
(absolute scale) is implied by the fact that the 
scales have absolute zero. It enables to perform 
a comparison of ratios. 
The article includes the examples of different 
levels of measuring used by children in inquiry-
based process of science learning. The mostly 
used scales are of the lower level and the 
dimensions are prevailingly informal. The 
imperfect scale and improvised device used for 
measurement surprisingly leads to better 
understanding of measuring principles. 

Keywords. IBSE, measurement, scales, science 
skills 

1. Introduction 

The skills involved in the scientific process can 
be divided into two categories: the basic skills 
(observation, inferring, classification, scientific 
communication, measurement, prediction) and 
combined skills (determining and controlling 
variables, setting and testing up a hypothesis, 
interpreting data, defining, experimentation and 
creating a model). [2] 
It is known that the measurement and the scales 
are used in an intuitive way in inquiry based 
science education. However the teacher should 
be the one who knows what type of scaling is 
used and what additional operations can be 
applied to handle the results. There is also great 
opportunity to precise this scientific skill and 
there is large space for improvement. 
The measurement is defined as the assignment of 
numerals to objects or events according to rules 
and it is also one of the basic science skills. [1] 
We can use both standard and nonstandard 
measures and estimates to describe the 
dimensions of an object or event. 
There is the strong evidence for using informal 
approach to measure some properties in spite of 
the formal tool is available. Measuring with 
special devices usually hides the principle of 
measuring and the essence of measured 
properties. 

2. Classification of scales of measurement 

The measurement exists in various forms and the 
scales of measurement fall into certain definite 
classes. These classes are determined by both the 
empirical operations invoked in the process of 
"measuring" and the formal (mathematical) 
properties of the scales. The statistical 
manipulations that can legitimately be applied to 
empirical data depend upon the type of scale 
against which the data are ordered. 
The type of scale achieved depends upon the 
character of the basic empirical operations 
performed. These operations are limited 
ordinarily by the nature of the thing being scaled 
and by our choice of procedures. [1] 

2.1 Nominal scales 

The nominal scales are connected with the 
process of an item distribution into categories 
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although the classification is usually named as a 
separated science process skill. The counting 
concerns the number of categories or the number 
of items in a group (category) and finally the 
numerals can be used as names for classes 
(numerals without a number meaning). The last 
example also represents an assignment of 
numerals “according to a rule” as it was 
mentioned in the definition of the nominal scale. 

Scale Basic empirical operation 
Nominal Determination of equality 

Ordinal Determination of greater or less 

Interval Determination of equality of intervals  
or differences 

Ratio Determination of equality of ratios 

Table 1. The types of scales [1] 

2.2 Ordinal scales 

The ordinal scale arises from the operation of 
rank-ordering. We cannot say that the differences 
between following items in rank are equal. It 
does not make sense to count the average or 
apply even a simple mathematic operation.  
A classic example of an ordinal scale is the scale 
of hardness of minerals. 

2.3 Interval scales 

Interval scales have all the characteristics of 
nominal and ordinal scales, especially the 
characteristics of the order. In contrast to the 
lower level measurements, the interval scaling 
allows determining not only the order of objects 
according to certain criteria, but also the size of 
the difference between the measured objects. 
Interval measurement therefore allows 
determining how much a certain property of an 
object is higher or lower than of another object. 
In other words numerically equal distances on 
interval scales represent equal distances in the 
property being measured. Intervals can be added 
and subtracted, but not multiplied and divided. 

2.4 Ratio scales 

Ratio scales are the most commonly encountered 
in physics and are possible only when there exist 
operations for determining all four relations: 
equality, rank-order, equality of intervals, and 
equality of ratios. Once such a scale is set up, its 
numerical values can be transformed (like from 
feet to meters) only by multiplying each value by 

a constant. An absolute zero is always implied, 
even though the zero value on some scales may 
never be produced. All types of statistical 
measures are applicable to ratio scales. Foremost 
among the ratio scales is the scale of number 
itself - cardinal number - the scale we use when 
we count such things as eggs, pennies, and 
apples. This scale of the numerosity of 
aggregates is so basic and so common that it is 
ordinarily not even mentioned in discussions of 
measurement. It is conventional to distinguish 
between two types of ratio scales: fundamental 
and derived. Fundamental scales are represented 
by length, weight, whereas derived scales are 
represented by density, force, and so on. [1] 

3. Design of measurements in IBSE 

3.1 Example 1 

As a first example of the development of a 
measurement we describe the activity with 
mineral waters. Pupils should carry out a sensory 
analysis, more precisely the ordinal sensory test 
with samples of different mineral waters. The 
ordinal test is based on ordering the samples 
according to increasing or decreasing intensity of 
observed qualitative property. The property that 
should be monitored in this case is the intensity 
of the salty taste. The aim is to estimate the order 
of water samples by the dissolved minerals. 
In this case it is used ordinal scaling that belongs 
to the low forms of measurement. The 
assessment is carried out through determination 
of grater or less or the same. There is not defined 
the unit of measurement and also there are not 
defined differences between samples (objects). 
The results of this measurement cannot be 
handled by adding and subtracting, multiplying 
and dividing, as the absolute values and the 
differences are not known. 
The ordinal sensory test disadvantage lies in 
impossibility of reliable evaluation. It is not 
possible to estimate differences between two 
samples - if the quality of a balanced group of 
samples is followed by a group of very variable 
quality. 
Subsequently, the measurement of the mineral 
content amount can be done by weighting a 
residue. Weighting the residue belongs to the 
higher forms of measurement - ratio scaling, 
which is the absolute scale. The term “absolute” 
scale arises from the fact that these scales have 
the absolute zero and therefore allow you to 
make the comparison of ratios. The measured 
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• Constancy of surface - conceptually 
about 8 years old, the child is able to 
calculate the surface in 11 years, 

• Constancy of weight - about 10 years old 

• Constancy of volume - conceptually 
around 11 years old, able to calculate the 
volume to an average of 15 years. [3] 

Length, surface, weight and volume are the basic 
concepts of measurement and they are very 
difficult for a child. Therefore, the development 
of measurement skills begins with measuring of 
the length. It continues with measuring of 
surface, afterwards measuring of weight and 
volume of objects. 
We presented some examples of various levels of 
measuring used by children in inquiry-based 
process of science learning. The mostly used 
scales are of the lower level and the dimensions 
are prevailingly informal. 
The imperfect scale and improvised device used 
for measurement surprisingly leads to better 
understanding of measuring principles. 
The process of measuring entails determining the 
quality and quantity to be measured, the selection 
of an appropriate measuring tool and measuring 
unit, the calculation of the margin of error that 
must be considered in the measurement and the 
decision on the accuracy and consistency of the 
measurement. [2] 
Maturing to this level of measuring skills 
depends on amount of experience with basic 
principles of measurement and on the qualified 
tutoring by the teacher. 
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Abstract. The present work is a proposal of 
different hands-on activities to develop in the 
Materials Science and Technology subject. This 
is a graduate course given in the Higher School 
of Mining Engineering and in the School of 
Industrial Engineering, belonging to the 
University of Vigo (Spain). 
Hands-on experiments play an important role for 
the student’s learning; those facilitate the 
development of students’ knowledge and skills in 
more active way than the “magisterial” learning 
methods. 
In this context, the present work shows ten 
examples of hands-on-activities, which covers 
most aspects of materials science topics. 

Keywords. Hand-on activities, Materials 
Science and Technology. 

1. Introduction 

The subject of Materials Science and Technology 
is currently teaching in the second year of the 
undergraduate classes of the School of Mining 
Engineering and School of Industrial 
Engineering, University of Vigo. The duration is 
52 hours, divided in 32 hours of master sessions 
and 20 hours of laboratory practices and 
seminars. The objective is to prepare 
professionals who face the challenge of design 
and study new materials, using material 
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Quartz SiO2 

Copper sulphate 
Cu(SO4)2 

 
Pyrite FeS2 Silver Ag 

Figure 2. Examples of different types of crystals 
to illustrate the concept of crystallization. 

2.3. Activity III. The tin cry and the 
strengthening mechanisms. 

“Tin cry” is the characteristic sound that is made 
when a bar of tin metal is bent. The sound is 
caused by the shearing of the crystals in the 
metal [10]. This phenomenon is typical of metals 
which undergo deformation by twining (low 
crystallographic symmetry). During the twin 
nucleation and growth, acoustic waves are 
generated. 
This activity allows the introduction of the 
strengthening mechanisms in metals, in a 
pleasant way [11]. 

2.4. Activity IV. Fracture Mechanics. 

Principles of fracture mechanics can be 
illustrated by the crack growth in inflated 
balloons [3].  
First, pieces of tape with different orientations 
will stick to inflated balloons (Fig. 4a). What will 
happen when you puncture them with a pin? The 
answer depends on these orientations. Students 
will find that the crack propagation is faster 
when the tape is placed in the perpendicular 
direction (Fig. 4b and 4c). 
This activity can be related to the structural 
stability of a cylindrical pressure vessel and the 
crack propagation. As a complementary tool, the 
students will access to the CES Edupack™ 
software, developed by the University of 
Cambridge. It consists in teaching resource for 
materials in engineering, science, processing, and 
design [12], Fig. 5 display an example how to 

use it: 

  

3a 3b 

  

3c 3d 

Figure 3. The tin cry activity. A bar of tin (3a) 
represents a perfect crystal (3b). When it is 

blended a characteristic sound is heard (3c), 
consequence of twining (3d) 

 

4a 

 

4b 

 

4c 

Figure 4. Illustration of the basics Fracture 
Mechanics. 

2.5. Activity V. Smart materials: shape 
memory alloys (SMA). 

Certain alloys exhibit the “memory effect”, 
which consists in the ability to undergo plastic 
deformation and then recovering its original 
shape upon heating. Nowadays, represent an 
promising alternative to the traditional alloys in 
fields like as medicine and aerospace [13]. 
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process is the “injection point”, we can 
visualized the internal stress located at that point 
using an overhead projector and place the petri 
dish between polarizing sheets (Fig. 8b). After 
submitting the piece to an aggressive 
environment, we can observe an intense attack, 
starting in the injection point and following the 
stress lines (Fig. 8c). 

8a 

8b 

 

8c 

Figure 8. Activity that shows the relationship 
between processing and chemical performance. 

2.7. Activity VII. Magnetic properties: 
levitation. 

“Magnetic levitation” consists in an object 
suspension with no support other than magnetic 
fields. It is a very amazing property of 
diamagnetic materials [18]. To cause 
diamagnetic levitation, both the diamagnetic 
material and magnetic material must produce a 
combined repulsive force to overcome the force 
of gravity [19]. 
The proposed demonstration uses a thin piece of 
pyrolytic graphite, which is place over a strong 
rare-earth magnet. The pyrolytic graphite is 
levitated above the magnet (Fig. 9). 
On the other side, we can find the ferromagnetic 
materials, such as iron, which can form 
permanent magnets. One application with high 

industrial impact is the “magnetic particle 
inspection (MPI)”, which is a non-destructive 
test method for the detection of surface and sub-
surface discontinuities in ferrous materials. The 
students will have the opportunity to perform this 
test in the laboratory class (Fig. 10) [20].  

 

Figure 9. Levitating pyrolitic carbon 

 

Figure 10. Equipment necessary to illustrate the 
magnetic particle inspection 

3. Conclusions 

The adaptation of the European Higher 
Education Area (EHEA) require new teaching 
methodologies, which facilitate a better 
comprehension of some aspects that, for their 
abstraction, could be more difficult for the 
students. This aspect is especially important for 
scientific-technological subjects. 
Following this line, the present work proposes a 
set of seven hand-on activities that aim to 
strengthen the contents introduced during the 
master classes. These activities are design for 
Materials Science and Technology field, 
specifically for the undergraduate students of 
Higher School of Mining Engineering and 

Injection 
point 

Injection 
point 
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School of Industrial Engineering, belonging to 
the University of Vigo (Spain). Nevertheless, the 
methodology can be extrapolated to other 
disciplines. 
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Abstract. This poster results from a 
pedagogical intervention project, carried out at 
a primary school in the district of Braga - 
Portugal. The intervention took place in a class 
of the 3rd year, composed of 16 students, and it 
incorporated the practice of inquiry-based 
science teaching addressing the theme "Light 
Experiments", which is part of the 
“Environmental Studies” curricular area. 
Various class activities were planned and 
implemented concerning some of the factors that 
influence the shadow of an object, in order to 
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find answers to the following questions: a) Will 
3rd year students, aged 7/8 years, be able to 
construct and execute an investigation strategy 
that involves manipulating and controlling 
variables? b) What are the main difficulties 
experienced by students in the designing and 
execution of such a strategy? c) How will 
students, in interaction with the teacher and with 
their peers, gradually design and execute their 
investigation strategy in order to respond to the 
problem formulated? The project adopted an 
action research methodology. A careful record 
was kept of the events most relevant to the 
questions under study in each class. This data 
was used to prepare the class diaries - 
descriptive and reflective narratives prepared 
based on recorded audio and field notes made 
during participant observation in the context of 
the classroom. A content analysis of the diaries 
has identified a few elements that provide 
answers to the research questions posed above. 
The results obtained from the learning 
assessment test are also presented. 

Keywords: Collaborative and Reflexive 
Learning, Inquiry-Based Science Education. 

1. Introduction 

In science teaching, one of the approaches that 
have been suggested by the science curricula of 
many countries and by some international 
organizations is inquiry-based science teaching. 
Inquiry teaching is the “intentional process of 
diagnosing problems, critiquing experiments and 
distinguishing alternatives, planning 
investigations, researching conjectures, searching 
for information, constructing models, debating 
with peers, and forming coherent arguments” [1, 
p. 4]. The National Research Council [2] 
identifies five attributes that learners will acquire 
from inquiry-based science teaching: a) engaging 
in scientifically oriented questions; b) giving 
priority to evidence in answering questions; c) 
formulating explanations based on evidence; d) 
connecting explanations to scientific knowledge, 
and e) communicating and justifying 
explanations. According to Drayton and Falk [3, 
p. 25], “The inquiry-based approach to science 
education [...] introduces students to science 
contents, including the process of investigation, 
in a context of reasoning, which gives science its 
dynamic nature and provides the logical 
framework that enables the understanding of 
scientific innovation and the evaluation of 

scientific claims. Inquiry is not process versus 
content; it is rather a way of learning content”. 
Inquiry teaching is an approach that enables the 
learning of concepts and the development of 
scientific processes [3]. Scientific inquiry 
encourages the development of problem solving, 
communication and thinking skills, as students 
pose questions about the natural world and then 
seek evidence to answer their questions [3]. The 
ability to question, hypothesize, design 
investigations and develop conclusions based on 
evidence gives all students the problem-solving, 
communication, and thinking skills they will 
need to claim their place in the 21st century world 
[2]. In this sense, one skill that all students 
should acquire is the ability to conduct an 
investigation where they keep everything else 
constant while changing one single variable. This 
ability provides a powerful general strategy for 
solving many problems encountered in the 
workplace and in everyday life [2, pp. 14-15] 
However, in the majority of European countries, 
the reality of classroom practice is that these 
methods are being implemented by relatively few 
teachers [3] [4]. Reports from the European 
Commission continue to advocate the advantages 
of inquiry-based science education and its 
recommendations clearly promote the use of 
inquiry-based science teaching in Europe [5]. 
In Portugal, the situation is no different. 
Although the science curriculum of primary 
education suggests a teaching practice in which 
students should be "active observers, with the 
ability to discover, investigate, experiment and 
learn" [3, p. 102], this teaching practice is still 
only occasional, with only a residual expression 
in the teachers' pedagogical practices [4]. In light 
of this, the present study was conducted - a 
pedagogical intervention project in the field of 
science teaching, aimed at promoting an 
approach to science education based on an active 
and constructive role for the student, in a context 
of social interaction with peers and with the 
teacher [5] [6]. 

2. Objectives 

The project for a pedagogical intervention in 
science teaching incorporates a practice of 
inquiry-based science teaching, addressing the 
theme “Light Experiments”, part of the 
“Environmental Studies” curricular area of 
primary education. Various class activities were 
planned and implemented around some of the 
factors that influence the shadow of an object, in 
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order to find answers to the following questions: 
a) Will 3rd year students, aged 7/8 years, be able 
to construct and execute an investigation strategy 
that involves manipulating and controlling 
variables? b) What are the main difficulties 
experienced by students in the designing and 
execution of such a strategy? c) How will 
students, in interaction with the teacher and with 
their peers, gradually design and execute their 
investigation strategy in order to respond to the 
problem formulated? 

3. Methods 

The study adopted an action research approach. 
A pedagogical intervention in sciences was 
carried out with a class of the 3rd year, at a school 
located on the outskirts of the city of Braga - 
Portugal. The class was composed of 16 
students, 10 boys and 6 girls, aged 7 to 8 years. 
For two months, 7 lessons were taught on the 
curricular topic "Light Experiments", amounting 
to a total of 15 hours of intervention in the 
classroom. 
For each topic addressed, a teaching and learning 
plan was prepared, containing the following 
elements: i) learning goals; ii) materials needed 
for the groups to implement the planned 
activities; iii) guidelines for the teaching and 
learning process, and iv) a record sheet for each 
student. Each lesson, which corresponds to an 
action research cycle, begins with a teaching and 
learning plan that is implemented flexibly, 
according to the teaching and learning processes 
generated and promoted in the class reality. The 
classes were taught by the two authors of this 
poster, who, in collaboration with the class 
teacher, played the role both of researchers and 
teachers. 
The data generated in the intervention was 
collected using two complementary methods, 
which were the field notes made by the 
researchers and the audio recordings of the 
lessons. This raw data was later compiled in the 
form of detailed narratives of the most relevant 
events that took place in the classroom – the 
class diaries. These constituted the principal 
method of recording data and, simultaneously, a 
strategy for reflection and for the modelling of 
the teaching and learning process [7] [8]. 
Additionally, tests were conducted to evaluate 
the learning acquired by the students and a 
questionnaire was proposed to parents/guardians, 
aiming to collect comments and reactions 
expressed by the students in the family context, 

concerning the nature of the intervention carried 
out in class. 

4. Some results  

The data obtained from the various collection 
methods used is still in the process of treatment 
and analysis. However, through the interpretive 
content analysis on one of the class of diaries, it 
is possible to describe and illustrate how 
students, in interaction with the teacher and their 
peers, gradually design and execute each of the 
investigations conducted in the classroom. 

Interpretive content analysis of the class 
diary 

The class begins with the following question:  

A. Does the distance between the light source 
(flashlight) and an object have an 
influence on the length of the shadow of 
that object?  

The groups make predictions. 

There are different predictions around the 
class:  
- one that supports the idea that, as the 

distance between the object and the light 
source (flashlight) decreases, so will the size 
of the object’s shadow. Examples: we think 
that, if the object is closer to the light, its 
shadow gets smaller, because the light is 
closer (Daniela); I think that if we move the 
flashlight away, the shadow will be bigger 
and if we move it closer, the shadow will be 
smaller (Bárbara). 

- another that supports the idea that, as the 
distance between the object and the light 
source (flashlight) decreases, the shadow of 
the object gets larger. Examples: I think that, 
as we move the flashlight closer, the shadow 
gets bigger, but if we move it farther away, it 
gets smaller (Diogo). (...)Very close to the 
flashlight, the object gets smaller and farther 
away like this; it gets bigger (Bruna). 

B. What do we need to do to find out if the 
distance between the flashlight and the 
object influences the length of the shadow?  

They build an investigation plan. 

Encouraged by the teacher's reflective 
questioning and interacting with their colleagues, 
the students mentally design a research plan, 
which will be implemented within each group. 
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The plan includes the following elements: 

B1 – The independent variable.  

Spontaneously, the students' thoughts begin 
focusing on the distance between the flashlight 
and the object. Some of them suggest operational 
procedures. Examples:  

We could pick up an object and then move the 
flashlight closer and further away, to see if the 
shadow is the same or is different (Joel). We 
have to place the flashlight first close to the 
object, then at an intermediate distance and 
then far away from the object (Eva). We have 
to place the object at different distances, to find 
out more things (Bruna). 

B2 – They operationalized the independent 
variable.  

Will it be enough if we use only two distances?  
The students suggest using three different 
distances between the flashlight and the object. 
Examples:  

(...) the first distance can be 10 cm (Joel); the 
second can be 20 cm (Leonardo); and the last 
can be 30 cm (Eva); that is too much (Ângelo); 
we'll make 5 cm differences, then (Eva); 10 cm, 
15 cm and 20 cm (Lara). The class agrees with 
the three distances suggested by Lara. And how 
are we going to measure those distances? With 
the ruler (several).  

B3 - They identify and operationalize the 
dependent variable.  

And then, what do we have to measure to know if 
the shadow depends on the distance between the 
object and the flashlight? The length of the 
shadow (Francisca). And how do we measure the 
length of the shadows? With the ruler (several 
children). And where will we cast the object's 
shadow? On a sheet of cardstock, say Eva and 
Bruna. Where will we put it? Bárbara suggests 
placing the cardstock vertically, propped up 
between two tables. Where will we record the 
measurements we take? On a table, as we did in 
the other research project (Leonardo and Lara). 

B4 - They identify and operationalize the 
controllable variables.   

- The object to be used for the investigation - 
How should the object be, for our 
investigation? I think it has to be always the 
same (Daniela); the object has to be always 
the same, otherwise, we will not know 
(Angelo); if we use different objects, they 
will cast different shadows (Joel); When 

asked why the objects have to be the same 
size, some children state: because the 
shadow has to do with the size of the object 
(Joel); if an object is larger than another, 
the shadow can be bigger or smaller 
(Daniela);  

- The flashlight and the positioning of the 
light beam - How should the flashlight be? 
It must always be the same (Lara). And how 
should we place it? On the table, in front of 
the target-cardstock (Leonardo). How far 
away from the cardstock should we put the 
flashlight? - The teacher asks. Several 
children say "30 cm", but Joel thinks it is 
better to place it "40 or 50 cm away, so we 
can see the shadow better". The groups 
agree that the distance between the 
flashlight and the cardstock will be 40 cm. 
The different distances between the 
flashlight and the object - an eraser - will be 
10 cm, 15 cm and 20 cm. The students also 
decide that the flashlight must remain fixed, 
always in the same place, and it should be 
the object that moves to the different 
positions. 

C. They execute the investigation plan within 
each group.  

After mentally constructing and clarifying the set 
of actions to perform, the students execute the 
plan within each group. The groups are provided 
with the necessary equipment: identical 
flashlights; equal erasers – the object to place at 
different distances of the flashlight; a 40 cm x 40 
cm cardstock target; a ruler and the individual 
record sheet. As they encounter difficulties, the 
groups are encouraged and helped by the teacher. 
The greatest difficulty felt by the children was 
the marking of the different distances between 
the flashlight and the object - the eraser. 

D. They record the results obtained in each 
group.  

The groups record, and report to the class, the 
length of the shadow of the object, at each of the 
three considered distances between the object 
and the flashlight. 

E. They draw conclusions from the data 
obtained 

The students' attention is focused on the average 
length of the shadows, obtained at each of the 
distances considered, and they are encouraged to 
draw their conclusions. 
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Figure 1. The students execute the investigation. 

 
 

Table 1. Results records. 

Why are there differences in the length of the 
shadows of the objects? - I ask. The children 
express their ideas: I have concluded that when 
we move the object away from the light source, 
the shadow will get smaller (Eva); the shadow 
decreases when the object is moved away from 
the flashlight (Lara); and when we move it 
closer, the shadow gets bigger (Bruna); when we 
move the object farther away, the shadow gets 
smaller... the smaller the shadow (Daniela); in 

the beginning, we were saying it was the 
opposite (Joel); that was what I said 
(Guilherme); we should never take something as 
certain (Joel); the smaller the distance between 
the object and the flashlight, the greater the 
length of the shadow and, the greater the 
distance, the smaller the shadow (Francisca); if 
the distance was 25 cm, the shadow would be 
smaller (Daniela); because, as the distance 
increases, the shadow decreases (Francisca); … 
it gets smaller (Joel). 

F. They collectively construct the research 
report 

At the end of the class, the students collectively 
construct the research report.  
The final narrative, resulting from the various 
interventions by the children, is as follows: 
We begin by reflecting on the following: does the 
distance between the object and the light source 
(flashlight) have an effect on the length of the 
shadow? 
All groups said it does, but their explanations 
were not the same. Some thought that when the 
object moved away from the flashlight, the 
shadow grew larger and when it moved closer to 
the flashlight, the shadow grew smaller. 
Contrarily, others thought that when the object 
moved closer to the flashlight, the shadow grew 
larger and when it moved away, the shadow 
grew smaller. 
To find out the answer, we conducted an 
investigation, using the following materials: a 
flashlight, an eraser, a ruler and a cardstock 
sheet. We measured the distance between the 
cardstock and the flashlight (40 cm) and then we 
measured three different distances from the 
flashlight to the eraser (10 cm, 15 cm, 20 cm). 
We turned on the flashlight and pointed it at the 
eraser. We saw the shadow of the eraser on the 
cardstock and measured its length. We placed 
the object at a different distance and measured 
the length of the shadow again. We repeated the 
experiment, placing the eraser farther away from 
the light source. We recorded these 
measurements on a table, calculated the average 
values and built a graph with the distance from 
the light source to the object and the length of 
the shadow. 
We have concluded that the further away the 
object was from the flashlight, the smaller the 
shadow. And the closer the object was from the 
flashlight, the larger the shadow. 
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5. Some final considerations 

The data obtained from the various collection 
methods used is still in the process of treatment 
and analysis. The results presented above are 
only a small part of the results obtained in the 
study. However, they contain some elements that 
provide answers to the research questions 
formulated as the goals for this study. They 
suggest that, in order to plan and implement a 
research project, children aged 7/8 years require 
a high level of scaffolding to reduce the 
difficulty of the task and allow students to 
gradually build a coherent strategy to provide an 
answer to the research problem. In this sense, the 
teacher's role is crucial. Through questioning, 
which encourages reflection and action in 
students, the teacher, as is necessary, helps, 
encourages and regulates the cognitive activity of 
students. On the other hand, the initial mental 
planning and clarifying of the research strategy, 
in a context of large group collaboration, appears 
to be a fruitful pedagogical strategy and students 
can subsequently execute it within each group 
with some autonomy. 
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Abstract. This poster analyses the process of 
exploring a physics activity – the balloon rocket 
– with children aged 4-5, promoted by a group of 
pre-school teachers who attended a training 
course conducted within the European project 
PriSciNet1. The analysis of this process is 
focused on the class diary - a descriptive and 
reflective narrative prepared by the trainees, 
based on field notes and audio recordings made 
during the implementation of the activity with 
pre-school children. The analysis of the class 
diary provides an insight on the learning steps 
attained by the children when exploring the 
activity. Those learning steps, combined with the 
individual assessment of each child's drawings 
and respective comments, shows that they are 
able to overcome challenges of a complex 
cognitive nature when these are approached in a 
collaborative context, of stimulation and freedom 
to express their thoughts. This analysis further 
demonstrates that the trainee pre-school 
teachers accomplished a successful didactical 
integration of the approach to experimental 
science recommended for children. 

Keywords. Inquiry-based Science Education; 
Teacher training 

1. Introduction 

It is widely accepted that sciences are of great 
importance for the education and development of 

                                                 
1 Project full title: "Networking Primary Science Educators 
as a means to provide training and professional 
development in Inquiry Based Teaching" - FP7-SCIENCE-
IN-SOCIETY-2010-1. 

children. The reality in which children live today 
requires that they grasp scientific knowledge, 
adopt positive attitudes towards sciences and, 
especially, acquire thinking skills, in order to 
become conscious, reflective, participant and 
critical citizens, aware of the problems of the 
world around them [1, 2]. This recognition has 
materialized, both at an international and 
national level, in the curricula of early school 
years, which have been attributing a growing 
importance to sciences and their experimental 
approach, as a means to promote the students' 
scientific literacy [3, 4].  
In Portugal, Physical and Natural Sciences are 
included in the area of "Knowledge of the 
World" of Preschool Education  [5] and in the 
“Environmental Studies” curricular area, 
included in the program of Primary Education  
[6]. The “Curricular Guidelines for Pre-school 
Education” and the program for the Primary 
Education contain recommendations suggesting 
that teachers and educators adopt a more 
practical and experimental approach to sciences. 
However, according to Sá [7, 8], for many 
teachers and educators, the real issue is: how is 
all this actually carried out with children, in the 
classroom? The insufficient scientific and 
pedagogical knowledge in the field of sciences 
generates low self-confidence or a feeling of 
insecurity and anxiety in teachers and educators, 
which has led to a reduced expression of this 
area in their educational action [1, 9, 10, 11]. 
Therefore, it is essential to provide educators and 
teachers with training in sciences, which 
promotes both the acquisition of scientific 
knowledge and the construction of a specific 
pedagogical knowledge that allows them to 
promote a practical and experimental approach, 
with their students, in the classroom. For this, it 
is important that they have the tools to support 
their pedagogical action, namely material 
resources and planned activities that can function 
as instruments to support and guide their 
educational practice. 

2. Objectives 

According to previous concerns, a science 
teaching training program was held in Portugal 
within the European Project PriSciNet, for 
primary school and pre-school teachers. The 
main goals of the training program were: a) to 
promote the development of a scientific and 
didactical approach to experimental science 
themes for teachers and educators; b) 
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teachers, following the implementation of the 
activity "the balloon rocket", the exploration 
process that took place in the classroom with pre-
school children is described and interpreted. The 
activity begins with the following question: 

a. What will happen if I release this balloon 
filled with air? 
 Children make predictions. Excerpt from 

the diary: 
It will fly (Rodrigo). It will move (Sara). It 
will get away (Mariana). When asked why the 
balloon would "get away", they answer: 
because it's full of air (Sara, 5 years old); 
there is air in it (António). 

b. What do we have to do to see if your 
answers are correct? 
 They put their predictions to the test and 

reflect upon the experimental evidence. 
Excerpt from the diary: 

The children's opinions are consistent in the 
idea of releasing the balloon: You have to let 
go of the balloon (Several). The balloon is 
released into the air inside the room. The 
children are thrilled with what happens. After 
they calm down, I ask: what happened to the 
balloon? Mariana answers: it got away. How 
did the balloon "get away"? - I ask. Sara, 
timidly, replies: it went flying, in curves. [...] 
twirling around - adds Rodrigo. 

c. How do we turn the movement of the 
balloon into a straight-line trajectory? 
 They understand the meaning of straight-

line trajectory. Excerpt from the diary: 
Initially, the children give thoughtless 
answers: You tie a knot on it (Rodrigo). If we 
tied a knot on the balloon, would the air come 
out? Children say no, the air would not be 
able to escape. When questioned on what a 
straight-line movement is, António, gesturing 
with his hands, says it's going straight, like 
this... always straight ahead. The others agree 
with António, showing that they understand 
the meaning of "straight-line". 

 They identify the materials. Excerpt from 
the diary: 

The various materials are presented. The 
children identify them correctly: two drinking 
straws; adhesive tape; balloons; a clothes 
peg; and scissors. Only João recognises the 
wire - fishing line. 

 They build the "balloon rocket" 
collectively. Excerpt from the diary: 

The children's attention and thoughts are 
focused on the materials, with a view to give 
contributions to the collective construction of 
a device to turn the irregular movement of the 
balloon into a rectilinear motion - "the 
balloon rocket". One end of the wire is tied to 
a chair. Sara threads the wire through a 
drinking straw. Now, what should we do with 
the other end of the wire? - I ask. We tie it to 
that chair (Sara) After the wire is tied to the 
chairs, I ask: how is this going to help us? 
After a few moments, António replies: I think 
we could put the balloon on the wire like this 
and then it would go along by itself (he holds 
the empty balloon horizontally next to the 
wire and makes a gesture of the motion the 
balloon will follow along the wire). The other 
children disagree with António's idea and say 
that the balloon will not move by itself: only 
if you fill it with air (Beatriz). I fill the 
balloon with air and ask: And now, how do we 
close the opening of the balloon? With the 
peg (several children). You put the peg and 
then the air can't come out of the balloon 
(Rodrigo). After closing the opening of the 
balloon with the clothes peg, a new problem 
arises: how do we attach it to the straw on the 
wire? (...) In the absence of answers, to 
provide some help, I pick up the tape and, 
holding the balloon horizontally against the 
straw, I ask: and now, what should we do? 
Children suggest taping it. I tape the balloon 
to the straw on the wire, which is tied to the 
chairs. 

d. Now, what do we have to do to make the 
balloon move? 
 They assess their ideas against 

experimental evidence: the rectilinear 
motion of the balloon. Excerpt from the 
diary: 

We remove the peg and the balloon "goes" 
(Mariana). Where will it go? - I ask. It will 
move with the straw, that way - says João, 
making a gesture with his hand in the 
direction opposite to the air outlet. I ask João 
to remove the peg from the opening of the 
balloon. There is great expectation across the 
room. João releases the peg and the balloon 
travels all the way, in a straight line, to the 
other end of the wire. At this point, the room 
is filled with excitement, a climate of 
euphoria and contentment with the outcome. 

 They reflect on the experimental 
evidence. Excerpt from the diary: 
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After the euphoria dies down, the children are 
encouraged to think about what happened. 
What made the balloon go forward? - I ask. 
The children promptly respond that it was the 
air coming out. Which way did the air go? 
That way - Said Sara, referring to the opposite 
direction to the movement of the balloon. It 
went backward (Maria). And which way did 
the balloon go? - I ask. It went forward 
(Rodrigo). It went the other way - adds 
Beatriz. I repeat the experiment and ask some 
of the children to put their hand near the 
opening of the balloon when the clothes peg 
is removed. What do you feel? - I ask. The 
children say that they feel the "air coming out 
backwards". 

e. Does the amount of air influence the 
distance travelled by the balloon? 
 They devise a simplified plan mental. 

Excerpt from the diary: 
What should we do if we want that the 
balloon to only travel half of the way? - I ask. 
Beatriz answers promptly: fill it with only a 
little bit of air. The children agree with the 
idea and I ask them to imagine a "balloon 
rocket race". What do we need to do? - I ask. 
We have two more chairs over there and two 
over here (Maria); We have two wires (Sara); 
We have to put the straw inside the wire 
(António). With these suggestions, the 
children demonstrate that the assembly of the 
first circuit is very present in their minds. 
What amounts of air should we fill the 
balloons with? In the absence of answers, I 
give them some help, by rephrasing the 
question. Should they be different or the 
same? The children say they have to be 
different and Maria adds: we have to fill one 
thiiis big... And the other this tiny (Rúben). 
And how must the balloons be? After a few 
moments, I ask again: Should we use a small 
empty balloon on one case and a big empty 
balloon on the other? Tentatively, they 
answer no, but when asked about how the two 
balloons should be, several of them say in 
unison: identical... 

 They make predictions about which 
balloon will travel the greater distance. 
Excerpt from the diary: 

Which balloon do you think will win? 
Everyone thinks it is Cristina's balloon 
because it is fuller - it has a larger amount of 
air in it. 

 They test their predictions. Excerpt from 
the diary: 

With the help of the children, another circuit 
is built, arranged alongside the first one. And 
now, what do we have to do to see which of 
the balloons will win? - I ask. The children 
answer: You have to attach the balloon to the 
straw. We put the peg (António); The peg 
stops the air from coming out (Beatriz). I 
fasten the opening of the balloon with the peg 
and ask them how the balloon should be 
positioned. The peg goes that way - Says 
Beatriz, indicating that the opening of the 
balloon must be facing the nearest chair. 
Why? - I ask. Children justify their answers, 
saying: because air comes out that way 
(backwards) - several of them say. Igor adds: 
because it comes out that way and then the 
balloon goes forward. I ask two of the 
children to, simultaneously, remove the 
clothes pegs from the balloons, to start the 
race. At the end, the group expresses effusive 
reactions of excitement with the result of the 
"balloon rocket race". 

 They collectively reflect upon the 
experimental evidence. Excerpt from the 
diary: 

Who won the race? - I ask. It was that one. It 
was the pink balloon (several). Why? - I ask. 
Because the other one had less air and this 
one had more (Maria). It was very full and it 
went farther (Beatriz). So, when the balloon 
has a lot of air, will it travel a long or a short 
distance? The children state that it will travel 
a long distance, thus linking the amount of air 
in the balloon with the distance it travelled. 

f. Collective recapitulation of the activity.  
Encouraged to recapitulate all they had done 

and seen, children verbalize, clearly and 
sequentially, all the procedures performed:  

We put the fishing line, duct tape, drinking 
straws, two clothes pegs and two balloons 
(João); We inflated the balloon, then we taped 
it, put the peg and we let go; the peg was 
faced that way - Points with his hand 
(Rúben); To make the balloon go the other 
way, the air came out this way, and the 
balloon went that way (Sara).  

g. Record of the learning acquired 
At the end, as a way to record the learning 

acquired, the children draw a sketch of the 
experimental activity. Examples: 
Drawing 1 - The child's comment: The fishing 
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feedback to the children's joint cognitive activity, 
through continuous questioning, which 
stimulates reflection and action. 
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Abstract. This activity main objective is to 
provide a hands-on approach to the regulation of 
lac operon in Escherichia coli and choose the 
best protocol to implement in schools. 
E. coli strains were transformed with two 
plasmids, with either the partial lacZ gene or the 
gene encoding for a red fluorescent protein, 
mCherry, under the control of lac promoter. 
Evaluation of the effect of metabolites on the 
expression of the reporter gene lacZ required 
chromogenic substrate X-Gal whilst visualization 
of expression of mCherry red protein was 
immediate and without the need of a UV source, 
proving a very convenient system to use in 
schools. 

Keywords. lac operon, regulation of gene 
expression, positive regulation, catabolite 
repression, genetic transformation, reporter gene, 
red fluorescent protein, recombinant plasmid, 
mCherry 

1. Introduction 

Cells regulate gene expression to avoid 
unnecessary production of transcripts and 
proteins For example, when cultured in a 
nutrient-poor medium, cells "turn off" genes that 
are not required for nutrient metabolization and 
thus decrease synthesis of RNA and proteins 
since transcription and translation are expensive 
energy processes. The most common mechanism 
of regulation in bacteria, occur upon messenger 
RNA transcription and genes that are controlled 
in this way are said to be transcriptionally 
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regulated [1]. 
Bacterial genes are typically switched off by 
repressor proteins that regulate expression by 
binding to a DNA sequence, the operator, 
adjacent to the promoter of an operon therefore 
blocking RNA polymerase from binding with the 
promoter and repressing operon gene expression 
[2]. 
This repressor activity is sensitive to a metabolite 
that signals the nutrient levels, so that bacteria 
can adjust their enzymatic machinery and its 
structural components, optimizing metabolism. 
Thus, organisms such as Escherichia coli, only 
synthesize the proteins necessary for survival in 
specific conditions [1]. In Escherichia coli, about 
half of their genes are clustered in operons. And 
each operon encodes enzymes that are involved 
in a particular metabolic pathway or interacting 
proteins to form a more complex protein [3]. 
An operon is a set of structural genes with a 
common promoter and regulatory sequences 
such as an operator that control the transcription 
of the structural genes which are transcribed into 
a single mRNA molecule. [4]. 
The lac operon of E. coli is a DNA segment that 
includes a promoter, an operator, and the three 
structural genes lacZ, lacY and lacA that code 
for lactose-metabolizing enzymes. The promoter 
is the RNA polymerase binding site, and the 
operator, located between the promoter and lacZ 
gene, is the repressor binding site. The repressor 
protein is encoded by the regulatory gene lacI, 
which is located upstream of the promoter [1] 
Lac operon is negatively regulated by this 
repressor protein, but is otherwise inducible, 
since this repression can be inhibited by the 
presence of a ligand. In this case the repressor 
lacI, is inhibited by the ligand allolactose that 
directly binds to the repressor protein. Thus, 
lactose, from which allolactose is formed, 
induces the expression of the lac operon [2]. 
A second level of control of gene expression 
exists. In the presence of glucose which is used 
preferentially, the metabolism of other sugars is 
repressed, even in the presence of the inducer 
lactose. This type of control is termed catabolite 
repression. 
This work aims to provide a hands-on approach 
to the study of the regulation of lac operon. We 
used two strains of E. coli, DH5-α and XL1-
Blue, with different genetic characteristics in 
relation to the regulation of the lac operon. Both 
strains were transformed with two plasmids, 
pBluescript SKII, encoding the partial lacZ gene 
and a recombinant plasmid (pSKCherry) 

containing a reporter gene, encoding a red 
fluorescent protein, mCherry under the control of 
the lac promoter [5]. 
Expression of reporter proteins was assayed in 
the presence of glucose and IPTG (isopropyl-
beta-D-thiogalactopyranoside) a synthetic analog 
of lactose that inactivates the lac repressor and is 
currently used to induce expression of cloned 
genes under the control of the lac promoter [6].  
The main objective of this work was the design 
of a laboratory activity that can be implemented 
in biology teaching in secondary education, 
specifically in the 12th grade. 

2. Materials & Methods 

2.1. Genetic characteristics of E. coli: 
DH5-α and XL1-Blue 

To successfully design the experiment it is 
essential to be familiar with the properties of the 
Escherichia coli host strains used for the 
propagation and manipulation of recombinant 
DNA. 
The type of plasmid vector and strains are 
important considerations when planning the 
experiment. For assaying β-galactosidase 
activity, the plasmid must contain the lacZα, 
such as pBluescript. The E. coli strains should 
contain the mutant lacZ gene with deleted 
sequence (lacZΔM15), and some of the 
commonly-used cells with such genotype are 
DH5α, and XL1-Blue. DH5-α and XL1-Blue 
possess only a small part of the lacZ that 
produces an inactive C-terminal of β-
galactosidase; however, as soon as we transform 
the strain with the other part of the gene, the 
activity of the enzyme is established – this 
mechanism is called α-complementation. The 
assay of the activity of β-galactosidase requires 
X-Gal (5-bromo-4-chloro-3-indolyl-beta-D-
galacto-pyranoside) an inert chromogenic 
substrate for β-galactosidase which hydrolyzes 
X-Gal, forming an intense blue precipitate and 
leading to the development of blue colonies upon 
Induction of the lacZ gene with IPTG [7]. DH5α 
cells do not require IPTG to induce expression 
from the lac promoter since they do not produce 
a significant amount of repressor lacI. On the 
other hand, IPTG is essential with XL1-Blue 
since this strain has overproduction of the lac 
repressor protein (lacIq gene mutation). 



10th International Conference on Hands-on Science 
Educating for Science and through Science 

© 2013 HSci. ISBN 978-989-98032-2-0 

 

 

128 

2.2 Plasmids 

pBluescript II SK (here abbreviated to pSK) 
possess an ampicillin-resistance gene and a 
partial lacZ gene encoding a α-peptide of β-
galactosidase. pSK vectors can be replicated in 
strains of E.coli like DH5-α and XL1-Blue which 
contains a chromosomal Δ(lacZ)M15 mutation 
[6] [8]. In the presence of X-Gal transformed 
bacteria will hydrolyze this compound and 
became blue.  
mCherry is a red monomer which matures 
extremely rapidly, making it possible to see 
results very soon after activating transcription. 
This fluorescent red protein that can be seen 
without UV [9][10]. 
pSKCherry recombinant plasmid was previously 
created in our Department of Biology by 
insertion of a mCherry gene on a pBluescript II 
SK plasmid under the control of the lac 
promoter. 

2.3. Transformation Scheme 

All the experiments were performed by the flame 
to avoid contamination and media were sterilized 
with a microwave. Microwave sterilization is 
known to be as efficient as a normal autoclave 
and more likely to exist in school labs [11]. 
Chemo-competent XL1-Blue and DH5-α cells 
were prepared in CaCl2 according to standard 
procedures [6]. 
For transformation, 5 μL of each plasmid were 
added to 250 μL of competent cells and the tubes 
kept on ice for 30 min. 
Cells were then rapidly are transferred to a water 
bath at 42ºC for 45 seconds for heat-shock and 
back on ice for 2 minutes. LB medium 
(Applichem) was added to each tube (250 μL) 
and the tubes were incubated 1hour at 37ºC with 
agitation for the recovery process While the 
tubes were on recovery process the LB-agar 
plates (Applichem) were prepared as depicted in 
Table 1. All experiments had a control plate with 
only LB-agar medium without supplements, 
otherwise all LB-agar plates were supplemented 
with ampicillin (sodium salt; Sigma-Aldrich) to a 
final concentration of 50 μl/mL) to select for 
transformants. 
For positive control of expression (XL1-Blue), 
30 µL of 0.1 M IPTG (Thermo Scientific) were 
spread on top of the plates.  
In order to access the catabolite repression of the 
lac operon induced by glucose transformed 
DH5α and XL1-Blue cells were plated in LB-

agar ampicillin medium supplemented with 2 % 
(w/v) glucose. 

 

Table 1. Composition of media used on LB-
agar plates for cells of both strains transformed 
with either pBluescript SKII (pSK) or pSKCherry 

and cells without plasmid (NP) 

Activity of beta-galactosidase in pBluescript SK 
II transformants was assayed with the lactose-
analog X-Gal (ThermoScientific). X-Gal solution 
(25 mg/mL) was prepared in DMSO and then 30 
μL were spread on top of each to agar plates. 
Aliquots of 100 μL of cell suspension were 
spread on to the correspondent plates and 
incubated over-night at 37ºC. 

3. Results 

The results observed are shown in Table 2. As 
expected in LB-agar plates NP cells grew in a 
continuous layer. In contrast, ampicillin-
supplemented LB agar plates spread with the 
same type of cells (NP) showed no observable 
growth. In comparison cells transformed with 
either plasmid evidenced ampicillin resistant 
colonies. 
The results observed are shown in Table 2. As 
expected in LB-agar plates NP cells grew in a 
continuous layer. In contrast, ampicillin-
supplemented LB agar plates spread with the 
same type of cells (NP) showed no observable 
growth. In comparison cells transformed with 
either plasmid evidenced ampicillin resistant 
colonies. In the presence of glucose, colonies 
were white in both cases evidencing the 
repressor effect of glucose on the lac promoter. 
Since DH5α strain does not express LacI, no 
inducer is necessary. For experiments with XL1-
Blue-transformed strain, it is important to take 
into consideration that this strain has lacIq gene, 
leading to a high expression of repressor lacI 
thus requiring the use IPTG as an inducer of 
expression of the operon. 
Colonies were blue (pBluescript SKII 
transformed) or red (pSKCherry transformed) 
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only in the presence of IPTG presenting either a 
light blue or white colour respectively, in its 
absence (no, or feeble expression). 
XL1-Blue transformed with pBluescript SKII, 
showed a white color in presence of glucose plus 
IPTG and X-Gal. XL1-Blue pSKCherry 
transformants also grew in white colonies in the 
presence of glucose plus IPTG. 

4. Discussion 

In general, results show that control NP cells, 
from both strains, grew in media without 
antibiotic while growing was repressed in 
medium with the ampicillin antibiotic. These 
results demonstrate that competent cells were 
healthy and that, ampicillin worked as a good 
mean of selection. Lac genes are expressed at 
high levels only when lactose is available and 
glucose is not. For genes to be expressed two 
regulatory proteins are involved: CAP and Lac 
repressor (lacI).  
Table 2. Results observed for +pSK and 
+pSKCherry-transformed E.coli competent cells 
and NP (no plasmid) control cells on LB-agar 
medium and LB-agar media supplemented with 
ampicillin, X-Gal and IPTG. G indicates that 
colonies had grown and HG that colonies had 
high levels of growing; NG indicates that there is 
no growing; WC indicates that colonies had 
white-cream colors; B, means blue colonies; R, 
indicates red colonies. 
When lactose present in the environment, 
allolactose is produced that can bind to the 
repressor (lacI protein), causing it to be unable to 
bind to the operator/promoter region, therefore 
no longer blocking RNA polymerase from 
transcribing the operon[12]. 
If lactose and glucose are present, the cell will 
use the glucose preferentially. A type of control 
known as catabolite repression acts to prevent 
lactose metabolism. A complex between the 
catabolite activator protein (CAP) and cyclic 
AMP (cAMP binds to the lac promoter site and 
is required for transcription of the lac operon. 
Glucose is known to lower the intracellular 
concentration of cAMP, thus inhibiting the 
activation of lac genes by the CAP-cAMP 
complex. When glucose levels are low, cAMP 
levels are high, so, CAP bind DNA and activate 
lac genes [1][3].  

 

DH5-α  Observations Photos 

+ pSK 

LB + Amp 
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Table 2. 

Although literature describes that with low levels 
of glucose, lac genes are expressed; our results 
show that glucose (20 mg/mL) can be effective 
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as a repressor of gene expression in both strains 
and with both plasmids. These outcomes are 
evident in pSK transformed DH5-α in plates with 
LB + Amp + X-Gal + Glu, and in pSKCherry 
transformed DH5-α in plates with LB + Amp + 
Glu. Also in pSK transformed XL1-Blue strain + 
in plates with LB + Amp + X-Gal + IPTG + Glu. 
In the absence of glucose colonies were blue 
(pBluescript SKII transformed) or red 
(pSKCherry transformed).  
Both strains transformed very well with both 
plasmids but differences should be take in 
consideration in the experiment planning. 
Experiments with XL1-Blue strain requires the 
use of inducer IPTG which allows to assay the 
inducing mechanism. On the other hand DH5-α 
transformants do not require IPTG being 
convenient for the assay of catabolite repression 
mechanism.  
The assay for the presence of reporter beta-
galactosidase in both strains always requires X-
Gal, an expensive reagent for schools. On the 
other hand expressed fluorescent protein 
mCherry is immediately visualized without the 
need for substrate X-Gal. Furthermore the red 
color is visible without the need of excitation 
with a UV light source.  
The use of fluorescent protein (GFP) as a 
molecular tag for studying cellular processes 
such regulation of ara operon has been 
successfully introduced (Bacterial 
Transformation Kit from Bio-Rad Laboratories 
[10]. 
For schools, it is recommendable the use of the 
plasmid pSKCherry since the visualization of 
expression of the protein contrarily to other 
fluorescent protein reporters such as GFP does 
not require, a UV source. 
 

5. Conclusion 

Results obtained in strains transformed with 
pSKCherry are promising, since both repression 
of transcription with glucose (cells were white-
cream) and induction of expression with IPTG 
(cells were red) were successfully illustrated. 
Therefore the use of pSKCherry transformed 
cells is recommendable since the visualization of 
expression of the protein does not require the 
more expensive X-gal, and furthermore, 
contrarily to other fluorescent protein reporters 
such as GFP, a U.V. source is not necessary. 
The materials needed are not very expensive and 
experiments are amenable for teachers with 

limited experience and requires few laboratory 
resources in schools. 
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Abstract. In the paper we focus on presenting 
selected results of testing inquiry-based activities 
in chemistry teaching. Inquiry-based activities 
from the lesson Exploring Holes and Plastic and 
Plastic Waste prepared within the international 
ESTABLISH project were selected for testing. 
The individual inquiry-based activities are tested 
on primary and secondary school by teachers 
and pupils. The aim of the research was to find 
out to what extent implementing inquiry-based 
activities into science subjects teaching process, 
namely chemistry, influences pupils‘ attitudes to 
the subject, their opinion on science and 
technology and that on a scientist‘ s job as well 
as to find out how interesting and useful pupils 
find the activities. 

Keywords. Inquiry-based activities, Inquiry-
based method 

1. Introduction 

PISA research [1] pointed out that pupils in 
Slovakia had acquired a lot of scientific 
knowledge and theories. They have, however, 
difficulty in independent thinking about 
scientific problems and in investigating the 
problems on an appropriate mental level, 
including formulating hypotheses, looking for 
and suggesting possible solutions, interpreting 
collected data, making conclusions and stating 
arguments. The above shortcomings are closely 
connected with the prevailing methods of 
teaching in Slovak schools. The syllabuses in the 
subjects are overloaded and at the same time 
deductive way of teaching prevails despite the 
school reform and its effort to change both 
contents and quality of education. 

One of the solutions that could contribute to 
increasing scientific literacy is undoubtedly 
changing the way of teaching science school 
subjects. It means changing existing teaching 

methods based on acquiring quantity of 
information without emphasis on its practical use  
into ones that require a more active pupil’s 
approach. An inquiry-based method, project-
based teaching, pupil’s experimental activity 
using modern technology, etc. [2] are considered 
to be appropriate methods which can make pupil 
active and interested in science. These can only 
be implemented in education if favourable 
conditions are created.  

2. Methodology of Research 

Within ESTABLISH project we created teaching 
material for physics, chemistry and biology 
containing inquiry-based activities with different 
level of inquiry. The partners involved in the 
project prepared several lessons from which 
chemistry lessons Exploring Holes and Chemical 
care have been transformed in agreement with 
the State Educational Programme in Slovakia. 
The lesson Polymers was prepared in co-
operation with Charles’s University in Prague. 
The lessons contain material for both teacher and 
pupils. The designed activities are accessible on 
the project web page www.establish-fp7.eu.by 
means of LMS system Moodle in English as well 
as in the official languages of the project 
participants. 

2.1 Testing inquiry-based education 

The lessons Exploring Holes and Plastic and 
Plastic Waste were selected for testing. Inquiry-
based education as well as testing took place 
during the period November 2011 – February 
2012. The aim was to find out to what extent 
implementation of inquiry-based methods in 
teaching science subjects, chemistry in 
particular, influences pupils‘ relationship to the 
subject, their opinion on science and technology 
and on the job of a scientist; how important are 
the activities for pupils and if they find them 
useful. 
Testing was done on 249 pupils aged 11 – 15 and 
41 pupils aged 15 – 17, at primary and grammar 
schools respectively and on 9 teachers. 
Testing was carried out based on the scheme:  

Pre-test – 3 inquiry-based lessons – post- test. 
A questionnaire prepared within ESTABLISH 
project was used as a pre-test and post-test. 5 
primary school teachers and 4 grammar school 
teachers were involved in teaching 3 lessons with 
inquiry-based activities. The teachers taught 3 
lessons by means of inquiry-based method and 
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7. Science and technology are helping the 
poor. 

8. Science and technology are the cause of 
the environmental problems. 

9. A country needs science and technology 
to become developed. 

10. Science and technology benefit mainly 
the developed countries. 

11. We should always trust what scientists 
have to say. 

12. Scientists are neutral and objective. 

Statements to express opinion: 

1. Science and technology are important for 
society. 

2. Science and technology will find cures to 
diseases such as HIV/AIDS, cancer, etc. 

3. Thanks to science and technology, there 
will be greater opportunities for future 
generations. 

4. Science and technology make our lives 
healthier, easier and more comfortable. 

5. New technologies will make work more 
interesting. 

6. The benefits of science are greater than 
the harmful effects it could have. 

7. Science and technology will help to 
eradicate poverty and famine in the 
world. 

8. Science and technology can solve nearly 
all problems. 

9. Science and technology are helping the 
poor. 

10. Science and technology are the cause of 
the environmental problems. 

11. A country needs science and technology 
to become developed. 

12. Science and technology benefit mainly 
the developed countries. 

13. Scientists follow the scientific method 
that always leads them to correct 
answers. 

14. We should always trust what scientists 
have to say. 

15. Scientists are neutral and objective. 
16. Scientific theories develop and change 

all the time. 

Discussion to hypothesis 2 research results 

Primary school pupils were not influenced by the 
inquiry-based activities within the lesson 
Exploring Holes, the activities did not 
significantly influence their opinion on science 

and technology. This is probably due to the fact 
that primary school pupils do not have an idea 
about scientist‘ work and they see inquiry-based 
activities more or less as a game. 
Grammar school pupils‘ opinions on science and 
technology, on the contrary, were influenced by 
inquiry-based activities more significantly. All of 
them (100%) said in the post-test that thanks to 
science and technology future generations would 
have more opportunities and their work would be 
more interesting due to new Technologies. They 
also thought that science and technology were 
needed by every country in order to develop. 
90% of them thought that science and technology 
helped mostly developed countries. The results 
are connected with the fact that grammar school 
pupils are able because of their age differences to 
perceive real state of society. 

4. Conclusion 

Although testing inquiry-based activities in 
pupils did not confirm their significant influence 
on pupils‘ relationship to the subject (as it turned 
out that was due to short time of the method 
implementation), it did prove pupils‘ interest in 
such a way of education, the fact which was 
manifested in the change of grammar school 
pupils‘ opinion on the importance of science for 
life. The number of pupils claiming that they 
would like to become scientists had also grown. 
Pupils started to perceive chemistry as more 
comprehensible. 
The teachers appreciated the fact that pupils do 
not get ready information but by carrying out 
practical tasks and by mutual communication 
they acquire knowledge that will be long-lasting. 
Pupils learn to perform scientific activities, be 
responsible, work in teams, be tolerant, 
communicate, express their opinions. The 
disadvantage was seen in the fact that it is rather 
demanding for a teacher because they have to 
prepare trials and it is also time-consuming in the 
class. 
The answer to the question „How can you 
manage to deal with the complete syllabus and at 
the same time to implement inquiry-based 
activities that are rather time consuming?“ can 
be found in the experience of foreign teachers, 
who have been using the IBSE method for 
a longer period of time. According to them it is 
necessary to reduce the contents, stop teaching 
unnecessary facts, and concentrate rather on 
pupils‘ understanding the subject matter (which 
requires to go into a detail in a particular topic) 
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and developing their key competences. Research 
also suggests that „go through everything“ 
approach gives few opportunities to acquire 
something else than slight knowledge. 
A lot of teachers abroad apply the method in 
combination with the traditional way of 
education and therefore they do not teach every 
lesson by means of IBSE method. If achieving 
a lesson‘s goal requires, they choose traditional 
method of presentation, explanation, 
demonstration of experiments, etc. It can be 
assumed from the above that traditional 
education should function as the basis which 
should be combined with IBSE method. 
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Abstract. Now, it's clear that the thinking about 
changes in science education is topical in the 
whole EU. This is why innovation of contents, 
and especially new teaching methods, are 
starting to draw attention. One of them is the 
IBSE method. This way of, according to what 
was gathered so far, has proved its effectiveness 
in secondary education, partly by increasing the 
students' interest in science, partly by improving 
their results and arousing the teachers' 
motivation. This is why the topic of IBSE was 
chosen as the dominant theme of the project 7th 
FP EU ESTABLISH. The contribution deals with 
the concept of the IBSE method in the 
ESTABLISH project and with creation of the 
educational materials. 

Keywords. Secondary education, Science 
education, IBSE method, ESTABLISH project  

1. Introduction 

Pedagogical and didactics studies showed that 
the students' interest in science is low, falling, 
and in most countries the students' scientific 
knowledge is merely below average. This despite 
the fact, that the science and mathematics are 
necessary for further economical and social 
development, and that the basic measure of 
human capital is the educational level of the 
citizens (European Commission, 2007). 
For this reason, EU has started with an intensive 
research into the problematic of disinterest in 
science and the way it's taught. An expert group 
was created in order to analyze the teaching and 
find out the reasons for disinterest in science. 
This group published its results and 
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recommendations in the report Science 
Education Now: A Renewed Pedagogy for the 
Future of Europe (European Commission, 2007). 
The main way to ensure the change should be the 
innovation of the contents and mainly the 
application of new pedagogical methods, namely 
those that use Inquiry Based Science Education 
(IBSE) during the lessons. 
Currently, the EU funds, via 7th frame program 
for research and development, four big 
international projects (among others) that 
research the problematic of education and 
teaching of mathematics and science. They focus 
not only on research, but also on introducing and 
quick spreading of their own results into the 
teaching practice at primary and secondary 
schools. 
The contribution deals with the concept of the 
IBSE method in the ESTABLISH project, with 
creation of the teaching and learning materials, 
with their verification and with the analysis of 
results. 
ESTABLISH project brings together expertise 
from across 14 institutions in 11 European 
countries in order to extend the use of inquiry 
based science education (IBSE) in secondary 
schools across Europe. 
The aim of this project is to promote innovation 
in classroom practice through the provision of 
appropriate teaching and learning IBSE units and 
appropriate supports for both in-service and pre-
service teachers to implement IBSE 
(McLoughlin et al., 2011). 
The project consortium have adopted an agreed 
definition of inquiry/elements of inquiry as the 
“intentional process of diagnosing problems, 
critiquing experiments, and distinguishing 
alternatives, planning investigations, researching 
conjectures, searching for information, 
constructing models, debating with peers, and 
forming coherent arguments” (Linn, Davis, Bell, 
2004). The individual elements of inquiry were 
identified based on this definition and extended 
group discussions. The consortium has 
developed teaching and learning units to be used 
in teacher education – both pre-service and in-
service – that are good examples of IBSE. It also 
developed an agreed framework for the 
development of an IBSE unit that requires the 
developers to describe (McLoughlin et al., 2011): 

(1). Unit/science topic  
(2). IBSE character 
(3). Pedagogical Content Knowledge  
(4). Industrial Content Knowledge  

(5). Learning Path(s)  
(6). Student Learning Activities and 

Classroom Materials  

Using the framework, central IBSE units are 
developed with contributions from several 
project participants and through piloting in each 
country by the consortium members working 
with teachers. The central unit is then adapted for 
implementation in each country, taking into 
account cultural and curriculum differences 
(McLoughlin et al., 2011). 
The criteria for each ESTABLISH Inquiry Based 
Science Unit is that they conform to the 
ESTABLISH definition of Inquiry Based Science 
Education (IBSE) and encourage and facilitate 
students to be active learners. 
The total number of units will be rather high, and 
should reflect these different needs. Also it will 
be beneficial to have different versions from the 
same topic, or an easy way to adapt the units to 
specific situations. 
Three units from biology and chemistry were 
prepared at Charles University in Prague - 
Faculty of Science and P. J. Šafárik University in 
Košice - Faculty of Science. 

2. Polymers around us 

The unit is focused on studying plastic and 
plastic waste. It is divided into three subunits. 
The first subunit deals with getting to know 
plastic, its marking, separation and recycling. 
Due to its properties, plastic has a wide range of 
use in all spheres of human activities. In 
competition with classical materials, mainly 
metals, polymers have succeeded mostly because 
of their easy processing, low density and a 
convenient ratio of utility qualities and price. 
Pupils acquire knowledge of plastic from 
everyday life and they will deepen it in this 
subunit. They will learn to identify symbols used 
to mark plastic and those on plastic packing and 
they will verify different properties of plastic by 
experiment. 
Using plastic is closely connected with the issue 
of plastic waste disposal. Plastic does not 
decompose by itself; therefore it accumulates in 
the environment. 
Subunit 2 deals with plastic waste. Within 
different activities pupils have to think about the 
issue of waste disposal, discuss it with 
classmates and propose possible solutions. Pupils 
should work out that recycling is an effective 
solution to the problem of plastic waste disposal. 
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They should understand why it is necessary to 
recycle and realize that every individual can 
contribute to the improvement of the 
environment by correct and regular separation. 
In the subunit 3 pupils/students will study 
various polymers, their physical and chemical 
properties and then, on the basis of acquired 
experience, they will estimate their practical and 
industrial exploitation and they will seek their 
both existing and possible applications. They will 
think of polymers occurring in their 
surroundings, reasons for application of the 
given polymer (why PVC was used for the 
particular toy), further they will analyze them by 
several tests (flame test, polymer density, etc.) 
and propose the applications of polymers. 

2.1. Pedagogical Content Knowledge 

Discussion, managed discussion. Pupils discuss 
eg. “Issue of produced waste from the point of 
view of the environment”. A teacher together 
with pupils discusses recycling of different 
materials as well as plastic and its use. Pupils 
discuss the results of the experiment and 
conclusions drawn from it. 
Problem-based teaching - teacher consistently 
gets pupils involved in the process of looking for 
and finding solutions to problems – e.g. pupils 
look for possibilities of waste disposal. A model 
task: Compare the life cycle of a glass and plastic 
bottle and try to produce a graph of the two 
cycles. 
Group and co-operative teaching - a group is 
made up of two to seven pupils. A task for the 
group: How is plastic made? Find at least two 
ways of its production. Pupils present 
conclusions they arrived at in groups. They can 
use the information they have looked up on the 
Internet. 
“Why do people produce such an amount of 
waste? What reasons do we have to separate it? 
Can you separate waste correctly? Why don’t 
some people separate waste?” 
Project-based teaching - the basis of the method 
is tackling a task of a complex character. The 
whole activity 5 is focused on project-based 
teaching. The results of pupils’ work are not only 
answers to the questions in the worksheet but 
also their presentation either by 
PowerPoint or a poster presented in front of the 
class, eg. “Draw simple comics: From the life of 
PET bottles”. Practical method include carrying 
out chemical trials by which pupils not only 
observe phenomena but also effect them in an 

active way – they prepare, manage, and evaluate 
chemical process themselves. Based on carried 
out experiments pupils acquire knowledge on 
properties of plastic in the lesson. 

3. Water in the life of man  

The basis of every life is water. It is the main 
component of organisms. If there were no water, 
plants would die, animals would die of thirst. 
Water affects both living and inanimate nature. 
Water is really very important. People could not 
live without water. Today, every home has plenty 
of water, which is supplied by water mains or 
pumped from the well. We can buy bottled water. 
But from where is water taken? How is it that it 
is clean and drinkable? What would happen if 
nothing like this existed? 

In terms of our requirements, the main topic of 
the unit is fluid intake, a relationship between 
man and water and importance of kidneys for the 
life of man. Students will think about their fluid 
intake and learn about the process the water 
undergoes before it gets to our house e.g. in the 
form of Coca Cola. In addition they will learn 
how our body processes the fluid supplied and 
what the role of kidneys in this process is. While 
working, students will gain knowledge of human 
biology, geography, chemistry, physics and also 
technology. 

3.1. Pedagogical Content Knowledge 

Topic of water represents four interconnected 
planes. 
Water in the human body performs many 
important and unique functions - for example, it 
is an essential component of cells, an important 
component of biochemical reactions, solvent of 
substances, and further it serves to transmit the 
nutrients and other necessary substances 
(hormones, metabolites, antibodies...) or creates 
the systems equalizing the temperature of the 
body. 
As drinking water we can consider healthy water, 
which even through a continuous consumption 
does not cause diseases or ill health by the 
presence of microorganisms or substances 
affecting by acute, chronic or late effects the 
health of individuals and their offspring. In 
addition, its sensory properties and quality do not 
impede its use for drinking and sanitary needs of 
individuals. 
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Activity Subject

1. Kinds of packaging plastic 
materials and their labeling 

Chemistry 
Technology 

2. Properties of plastic 
materials 

Chemistry 
Physics 

3. Resolubility of waste in the 
environment 

Chemistry 
Technology, 
Biology 

4. Separation of waste Chemistry 
Technology 
Physics 

5. Influence of acid rains on 
plastic products 

Chemistry 

6. Materials around us and 
what plastics and polymers are 

Chemistry 
Technology 
Biology 

7. Polymerization – 
polycondensation 

Chemistry 
Technology 
Biology 

8. Cross-linking of polymers Chemistry 
Physics 

9. Preparation of polymers, 
influencing their properties 

Chemistry 
Physics 

 10. Properties of polymers Chemistry 
Physics 

11. Properties of polymers – 
elasticity and cross-linking 

Chemistry 
Physics 

12. Properties of polymers – 
dissolution of polymers 

Chemistry 

13. Identification of polymers Chemistry 
Physics 

14. Application of polymers Chemistry 
Technology 
Biology 

15. PAIRS Chemistry 
Technology  

16. Where can I find the 
polymer? 

Chemistry 

17. Estimate and discuss some 
information regarding polymers 

Chemistry 
Physics 

18. Pointing out the importance 
of polymers in everyday life 

Chemistry 
Everyday life 

Table 1. List of activities - unit Polymers around 
us 

 

Activity 
Subject 

1. Discussion over the 
importance of water 

Biology 

2. My water intake  Biology 

3. Which water tastes better, 
bottled or tap water? 

Technology 
Biology Chemistry 

4. Waterworks or production 
of drinking water 

Technology 
Biology Chemistry 

5. Can we get drinking 
water? 

Biology Geography 

6. Analysis of beverages Technology 
Biology, 
Mathematics 

7. How does the water travel 
through our body after 
drinking? 

Biology 

8. How is finite urine 
formed? 

Biology Chemistry 

9. Importance of kidneys for 
life 

Biology 

10. Is it possible to develop 
an artificial kidney? 

Biology Chemistry 
Physics 
Technology 

11. A visit to a dialysis 
centre 

Biology Chemistry 
Physics 
Technology 

12. World Kidney Day Biology 

Table 2. List of activities – unit Water in the life 
of man 

Currently, drinking water is obtained by 
treatment of surface water in waterworks or 
water from underground springs or wells. 
Water taken in beverages and food or formed in 
metabolic processes is absorbed in the small 
intestine, and a lesser portion also in the colon. 
This is done on the basis of different 
concentration, osmosis, in the presence of 
minerals of sodium and potassium. Unused, 
spent, water is excreted from the body through 
saliva, gastric or pancreatic juice, bile, intestinal 
secretions and faeces. The main dispensing of 
water is done through the urine, kidney filtration, 
vapour in breathing or evaporation and skin 
sweating. 
This method allows removing toxic waste 
products of metabolism and excess water from 
the blood using a special dialysis unit popularly 
known as "artificial kidney". Patients with 
kidney failure usually come to haemodialysis 
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three times a week to the so-called dialysis 
centres. 
The aim is that students gain a comprehensive 
view of water as an important component of the 
human body through practical tasks that require 
investigation thinking from students. The main 
topic of the unit is the production of drinking 
water and haemodialysis. 
This is an example of HSCI conference 
submission. These guidelines include complete 
description of the paper style including 
formatting, fonts, spacing, and related 
information for producing your proceedings 
manuscripts. Please follow them and if you have 
any questions, send them via e-mail to the 
conference organizers. 

4. Blood Donation  

Activity Subject 

1. Appeal for donating blood  Biology  

2. Looking up information  Biology 
Technology  

3. Study visit at a 
transfusion centre  

Biology Physics 
Chemistry 
Technology  

4. Separation of blood 
constituents  

Biology Physics 
Technology  

5. Scientific conference  Biology  

6. Interview  Biology  

7. Determining blood types  Biology Chemistry  

8. Is Pavol the father?  Biology  

9. Blood as a transporter  Biology Chemistry  

10. Blood as a guard  Biology  

11. Blood preservation  

 

Biology Chemistry 
Physics  

12. Is it possible to produce 
artificial blood?  

Biology Chemistry 
Technology  

Table 3. List of activities – unit Blood donation 

Blood is a unique organ in which cells are not 
bonded together but move freely in plasma. 
Blood plays an important role in the human 
body: it transfers oxygen and different 
substances to places of their effect or processing 
by cells and carries waste products from tissues 
so that they could be removed from the body. 
Significant lose of blood in an accident puts a 
person in a mortal danger. Additionally, there are 

diseases in which blood does not carry out one of 
its functions. Blood transfusion can save a 
human life in these situations. Up to the present 
there has not been found/created anything blood 
could be substituted by. 
This unit focuses on blood properties, blood 
donation and conditions that must be ensured so 
that transfusion would not endanger patient‘s 
life. 
Students are given an opportunity to look up 
information on their own, to process and present 
this information, work in a team and identify 
with roles of different experts. They become 
familiar with aids necessary for taking blood and 
for its storage. They plan experiments and 
perform observation. 

4.1. Pedagogical Content Knowledge 
Existing previous experience of students is based 
on the fact, that each of them has been injured, 
has bled and undergone blood tests. They all are 
also familiar with the fact that in a hospital blood 
is not only taken from the patients but there are 
situations when, in contrary, it has to be added to 
the body to prevent some patients from dying.  
Presenting a topical article or local media news 
that appeal to people to donate blood can be 
motivating. Students must think why such an 
appeal has been published and imagine the 
situation a person in the need of other people’s 
blood might be in.  
Biological content is made up of composition, 
functions and properties of blood. The topic is 
related to the activity of circulatory and 
respiratory systems. We assume that pupils have 
already learnt about blood circulation in 
circulatory system, about activity of a heart and 
about gaseous exchange in lungs and tissues. In 
this unit they will learn about other properties 
and functions of blood by means of practical 
tasks, looking up and interpreting information.  
Technologies are represented by polymers 
(plastics) and metals which are used in making 
aids for taking, processing, transport and storing 
of blood as well as equipment used to ensure 
sterility of aids utilized when handling blood. 
Students also learn about polymers that support 
long term storage of blood at very low 
temperatures by protecting cells from being 
damaged in the process of ice crystals growth. 
Also of some interest is the information about 
efforts of scientists to develop a blood substitute 
which could save life in emergency when there is 
no suitable donor available. 
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5. Pilot testing inquiry-based education in 
teachers 

Teachers used an opportunity to talk to 
researchers. By means of discussion with 
teachers who had implemented inquiry-based 
activities in their classes we were able to obtain 
authentic opinions, the extracts of which we are 
presenting. The question: “Do you think that this 
lesson can foster student‘s knowledge and skills 
development?” was answered by teachers that 
a student will be able to apply the acquired 
knowledge in everyday life, they will be able to 
work in a team, advise and help others. The 
question: “Do you think that it can influence 
development of student‘s attitudes to science, to 
science of learning, learning in general, or to 
something else?” was answered by teachers:,,the 
attitude of their students to work has changed 
with carrying out experiments – they use their 
creativity and are more independent in research 
and doing tasks.“ 
Although at the beginning teachers were rather 
pessimistic due to the fact that they had often 
experienced their student‘s being passive and 
unwilling to co-operate or to work 
independently, pupils became used to such a way 
of instruction with time thanks to gradual and 
consistent implementation of IBSE methods. 
The following are considered the main 
advantages of such a type of education: students 
do not receive ready information but by means of 
doing practical tasks and by mutual 
communication they acquire long-lasting 
knowledge, students learn to be independent, 
work in teams, be tolerant, communicate and 
express their opinions. By means of the activities 
several key competences are developed in 
students (communicative, social, digital, 
mathematical) and the activities motivate 
students towards the interest in science. Problem 
aspects in implementing the method were seen in 
the fact that inquiry-based education was more 
demanding for teacher from the point of view of 
both time and material. 

5. Conclusion 

The science education problems in the Czech and 
Slovak Republic are analogical to those of the 
other countries of the central and Eastern Europe. 
The subject matter is more of an academic and 
encyclopedic type, which, of course, supports the 
students' disinterest. The deductive teaching 
methods are much more common then the 

inductive ones; most of the subject matter is 
composed of facts, not of methods that would 
allow the students to find the facts out for 
themselves. Partnership in solving the 
ESTABLISH project is no doubt a significant 
opportunity for changing this situation. 
It's clear that there is a long road ahead as far as 
the realization of new ways to teach science 
subjects at secondary schools goes. We hope that 
the solving of the ESTABLISH project will 
contribute majorly towards it. 
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PHENOMENOLOGY IN 
SCIENCE EDUCATION 

F. Caglin Akillioglu 
caglin@gmail.com  

 
Abstract. This paper investigates the relevance 
of phenomenology to science education. It 
hypothesizes how phenomenology can be used as 
a tool for promoting meaningful learning as a 
holistic process in science classrooms as well as 
reshaping science education reform and 
emerging new science. By approaching it both as 
a philosophy of knowledge and a research 
methodology, this paper also tries to connect the 
theory and practice of science education though 
the lenses of phenomenology. Recent reform 
efforts of science education prioritize closing the 
gap between students’ daily lived-experiences 
and classroom applications while promoting 

their understanding of nature of science. Non-
holistic approaches to the nature of science 
either focus on the tentative nature of empirically 
based truth claims and the uncertainty in 
scientific investigation or the relation between 
hypothesis and evidence in the scientific process. 
Unfortunately, when they are exposed to only 
one aspect of the nature of science, students tend 
to develop misconceptions and perceive science 
either as too methodological or not very reliable. 
To help students understand the goal of science 
as the construction of ever-deeper explanations 
of the natural world and adopt the paradigm of 
emerging new science, their understanding of the 
nature of science needs to be a holistic 
experience. Contemporary reform movement in 
science education recognizes the importance of 
active engagement of students which is the main 
focus of phenomenological view of knowledge 
construction. However, this reform's strong 
emphasis on the construction of conceptual 
knowledge rather than experience seems to be 
lacking the contextual and broader view of 
holistic approach. Regarding this limitation 
phenomenology might play a significant role in 
science education. It might provide opportunities 
to relate conceptual models of scientific 
knowledge to students' life-experiences by 
connecting abstract knowledge to being and 
acting in the world. Phenomenology sees object-
subject relation as a non-dualistic whole and 
considers all human experience equally valuable 
for understanding lived experiences, meaning 
making processes and knowledge construction. 
Therefore, the new framework of science which 
assumes that there is a structural interference of 
the subject in the object under observation 
resonates with this approach. This new paradigm 
of science also promotes the notion of 
interconnection through perceiving reality in 
terms of relationships and integration and 
imposes science education to become compatible 
with phenomenological epistemology. In 
addition, as a methodology phenomenology 
focuses on the values of the direct lived-
experiences of things. In science education this 
corresponds to constructivist pedagogy and 
inquiry based learning. Moreover due to its 
discovery oriented nature phenomenological 
research has the potential to be used for 
enriching abstract scientific models with 
contextual and experiential background. 
Phenomenology uses sense experience as a 
starting point for systemic investigation, 
reflection and understanding which might 
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provide invaluable opportunities to tie students’ 
daily lived-experiences directly to classroom 
applications of science. Phenomenology has a 
considerable potential as a tool for science 
education. The role phenomenology might play 
in connecting students’ everyday lived-
experiences to abstract and conceptual scientific 
knowledge by providing a rich contextual and 
experiential learning environment is something 
that we should not overlook. 

 

A VIEW OF PROBLEMATIC OF 
FISHERIES AND 

AQUACULTURE IN EUROPE 

Sonia Borges Seixas 
soniabseixas@gmail.com  

 
Abstract. EU citizens are consuming far more 
fish than European seas can produce by catches 
and aquaculture, this conducts in importation of 
60% of it fish consumption. Some studies also 
showed that the consumption of fish in EU 
countries was below the recommended values for 
human health, so the level of consumption tends 
to rise. By other hand almost of the fish stocks is 
fully exploited and can conducts to 
environmental problems. Some examples were 
mentioned. The sustainability of fisheries is an 
EU priority today, as demonstrated the new 
Common Fisheries Policy. In last two years 
several recommendations and rules have been 
done to achieve this objective. By other hand is 
important educate the consumers to change 
mentality and conduct them to consume fish 
catch by sustainability fisheries. Also was 
implementing several certifications, regional 
(origin certification) and international. At this 
point aquaculture is considered a solution to 
provide fish to EU but some problems are 
constricts their rise, such as consumer mentality, 
tourism competitive for coastal areas, 
environment problems, etc. Several examples 
were mentioned. In all these problem education 
of different actors is a big concern. So Aquatnet 
project, an EU Erasmus project (actually in third 
edition), study the pr0oblem and try to contribute 
to the solution of this problem. 

 

OVERVIEW OF THE IMPACT 
OF IBSE TRAINING COURSES 

ON LEARNING STEM IN 
PRIMARY AND SECONDARY 

SCHOOLS 

Luminita Florentina Chicinas, 
Nicolae Micescu 

LChicinas@gamail.com 
 
 

Abstract. This paper presents an overview of 
the impact study realized in five Romanian 
counties in order to assess the effectiveness and 
effects of IBSE training courses implemented in 
last 3 academic years on the quality of STEM 
learning. The study was realized both on STEM 
teachers which attended and implemented IBSE 
lessons as well as on their pupils by means of 
focus groups, interviews and questionnaires. 
Also, by means of schools' inspection (the quality 
of curriculum aspect and, respectively, quality of 
teachers' teaching and quality of pupils' learning 
results and products), we gathered data about 
IBSE learning activities useful in order to obtain 
the most complete and realistic image of 
learning quality improvement as a function of 
pupils' age. An other perspective came from the 
analyze of training courses implemented during 
last 3 years: SCeTGo, KLiC, Pathway, MaST 
Networking courses that induced important 
changes in the ideas and behavior of STEM 
teachers in their classrooms, changes that 
influenced the pupils attitude toward learning 
these generally considered "difficult subjects". 
We noticed that, both in formal learning 
activities designed in school environment or in 
non-formal learning environments, when pupils 
have to verify or prove a scientific statement by 
means of scientific investigation or team project 
work in order to solve specific problems, they 
learn more effectively and became more self 
confident in order to explain, argument, justify 
their answers, solutions or opinions. Also, an 
other important aspect is that during the 
academic year while preparing to attend the next 
science festival edition (organized by Science on 
Stage - Romania), every year, there is an 
improvement of the quality and complexity of the 
research themes, scientific projects and devices 
presented by primary, secondary and upper 
secondary school pupils. Last, but not least, 
teachers’ attendance at workshops and specific 
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activities for them in partnership with Romanian 
universities and research institutes had a 
significant effect in the improvement of their 
teaching, of their style, in their attitude more 
flexible and open to the pupils’ questioning. 
Finally, this paper presents a selection of good 
examples practices and best projects shortly 
described in order to sustain and also illustrate 
the main results of the theoretical study. 

 

SCIENCE ON STAGE EUROPE 

David Featonby 
featonby@onetel.com  

 
Abstract. Science on Stage Europe is a Pan 
European organisation which brings together 
teachers from most European Countries, in order 
to share best practice, through its conferences 
every two years and national and international 
follow up activities and newsletters. The stand 
will display some of the best activities from the 
2013 in Slubice (Poland) and will also have 
details of the forthcoming June 2015 conference 
in London. The conferences are fully funded and 
teachers may apply through their national 
steering committees for free places, a certain 
number of which are allocated to each nation. 
Further details may be found on the Science on 
Stage website www.science-on-stage.eu 

 

SCIENCE WITH SENSORS IN 
PRIMARY SCHOOLS 

Ewa Kedzierska, Ton Ellermeijer 
Ton@cma-science.nl  

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

In more recent years a special interface has been 
developed having Primary schools (and their 
teachers!) in mind. This interface, a little pink 
box called €Sense, has built-in sensors for light, 
temperature and sound. Also an external 
temperature sensor is provided. The interface 
takes it power from the USB-connector, to avoid 
batteries and power supplies. The design looks 
friendly and not too technical.  
During the last decade we experienced with the 
use of Coach in Primary schools, as well in The 
Netherlands as well in international contexts (f.i. 
Pollen Project). First with a more complex 
interface. Later on with the €Sense.  
Based on these experiences activity books with 
Coach activities have been developed with many 
examples for the different sensors of €Sense. The 
interactive poster presentation aims participants 
will become familiar with the interface and the 
teaching materials including Coach activities. 

 

EXPLORING MARINE 
ECOSYSTEMS WITH 

ELEMENTARY STUDENTS: A 
SUCCESSFUL JOURNEY  

Cláudia Faria, Raquel Gaspar,  
Cátia Santos 

cbfaria@ie.ul.pt  
 

Abstract. The skills needed for a citizen of the 
21st century are based on critical thinking and 
problem solving capacities, on effective 
communication, on collaboration, on creativity 
and innovation. Aligned with this, there has been 
a recent trend across the EU towards 
competence-based teaching with significant 
changes in science school curricula, and science 
teachers are at the heart of this process. These 
changes involve more engaging cross-curriculum 
approaches emphasizing the development of 
different kinds of literacy, science knowledge and 
positive attitudes towards science as well as an 
increased use of “real-life” applications, 
providing appealing learning contexts. In this 
work we present a hands-on activity about 
marine ecology with 20 students (11-13 years 
old), implemented by a teacher who participated 
in an in-service teacher education program 
about IBSE. The main objective of the activity 
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was to lead students to explore contents from 
many curricular subjects through the study of the 
sea. As a contextualization task, students were 
challenged to compare the human and fish body 
systems. They were first asked to characterize a 
fish and to make a draw of it. The majority of the 
fish drawn had all the same format and many 
had no fins. Then, the conflict arises: are fish all 
like this? They visited a fish market, where they 
could observe diverse fish, talk with vendors and 
discuss the reasons for the differences and 
similarities encountered. These observations 
were taken to classroom, where they discussed 
and systematized their learning. Moreover, they 
made a drawing by observation of a specimen 
brought, taking care to record its real 
characteristics and discussing the importance of 
doing that. Finally, they dissected the specimen 
and observed their internal organs. They also 
explored other curricular subjects, like symmetry 
aspects in fish body forms and research about 
different sounds in the sea. They were also asked 
to do a research about the Portuguese 
discoveries, including the interpretation and 
illustration of some episodes of a Portuguese 
poet book about the discoveries. Finally, they 
created a poster to present their findings to the 
community. As a final evaluation, the teacher 
referred not only students’ acquisition of 
scientific knowledge, but specially their 
motivation, joy and engagement throughout the 
work. In her reflexion, she stated that the 
participation in the training program has 
changed her practices, helping her to foster 
students’ love for learning sciences. She began to 
develop more hands-on activities based on 
students’ experience and direct observations of 
the real world. According to her, these new 
practices resulted not only in successful students’ 
acquisition of scientific concepts, but also 
allowed them to understand their surroundings 
through their critical reasoning. This type of 
teaching has profound implications for the 
competencies which teachers themselves need to 
acquire to effectively teach 21st century skills, 
requiring teachers to be high-level knowledge 
workers who constantly advance their 
professional knowledge, being capable of 
combining different approaches, to work in 
collaborative ways and to reflect on their 
practices. The question that arises is what 
teachers need to assist them in this demanding 
task.

 

INQUIRY-BASED LEARNING 
FOCUSED ON WATER 

FREEZING 

Marek Balážovič, Boris Tomášik 
balazovicm@gmail.com 

 
Abstract. We introduce the method of the 
inquiry-based Physics lectures focused on water 
freezing. This kind of learning can be used in the 
class, but it may also be carried out by students 
in individual exploring,or in their 
extracurricular activities. Inquiry-based teaching 
and learning is used as a process in which 
teachers try to develop the students’ abilities of 
critical thinking, along with deepening the 
students’ understanding of phenomena around 
us. A teacher leads a student to the observation 
of a phenomenon and subsequently the student 
gets in front of some basic research questions 
and tasks, which can represent his research 
problem. Inquiry based learning stresses science 
process skill development and nurtures the habits 
of mind necessary to think like a scientist. Water 
is the most common liquid in the world. 
However, it has a lot of anomalies and 
particularities, which allow it to become a 
subject of inquiring. We present parts of inquiry-
based learning in which we incorporate our 
topic - water freezing. 

 

ALTERNATIVE PUPIL´S 
CONCEPTIONS ABOUT 

PHOTOSYNTHESIS AND PLANT 
RESPIRATION BY PUPILS OF 

6TH GRADE OF LOWER 
SECONDARY SCHOOL 

Katerina Svandova 
katkasvandova@gmail.com  

 
Abstract. The study is focused on the 
investigation of common alternative conceptions 
of lower secondary school pupils in 6th grade 
regarding to photosynthesis and plant 
respiration. These are abstract concepts and 
prove to be hard acquirable terms, not only for 
pupils. In this study alternative pupil’s 
conceptions are understood as children’s 
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conceptions, misconceptions or 
misunderstanding. People often hold alternative 
conceptions about natural phenomena for the 
whole life. To overcome alternative conceptions 
pupils must become aware of the scientific 
conceptions, the evidence that bears on the 
validity of their alternative conceptions and the 
scientific conceptions, and they must be able to 
generate the logical relationships among the 
evidence and alternative conceptions (Lawson, 
Thompson, 1988). 
The main aim of the present study is to find out 
level of 6th grade pupils’ alternative conceptions 
about photosynthesis and plant respiration with 
respect to gender and attitudes towards biology. 
One of methods how alternative conceptions are 
investigated is a two-tier test. It showed that 
great percentage of alternative conceptions in 
this area; particularly pupils’ and students’ did 
not understand photosynthesis and plant 
respiration as related, mutually connected 
physiological functions. In this study there was 
also used a two-tier test with nineteen items. The 
first part of every question in the test was 
focused on knowledge, the second part on the 
explanation of answer. 
The sample size was compound of 6th grade 
lower secondary school pupils in the Czech 
Republic. The data were re-encoded in several 
ways, first by analysing the pupils’ knowledge 
(from correct/incorrect answers), but also their 
alternative conceptions (frequency of occurrence 
of alternative conceptions). The 17 items 
regarding to attitudes towards biology was the 
part of the research tool, too.  
The results showed that boys in 6th grade have 
bigger knowledge about photosynthesis and 
plant respiration in comparison with girls and 
they have fewer alternative conceptions than 
girls. Between groups of favourite subjects 
(science or non-science) was not found out 
differences. We can say that pupils have more 
knowledge in given topic with growing attitudes 
toward biology. The research showed that Czech 
pupils have a great percentage of alternative 
conceptions about photosynthesis and plant 
respiration. They particularly mistook 
photosynthesis for plant respiration, they thought 
that plant produced oxygen all over the day, the 
respiration took place only in leaves where are 
special organs – pores and the most important 
source of food for plants is water with dissolved 
mineral substances. One of ways how teachers 
could eliminate alternative conceptions is a 
graphic explanation of these concepts, correct 

chemical clarification of photosynthesis and 
respiration and connection of information about 
these processes.  
The study is one part of longitudinal research 
conducted in doctoral studies (the present part 
will be part of PhD. thesis of author). 

 

SCIENTIFIC RESEARCH 
PROJECTS IN VOCATIONAL 

TRAINING SCHOOLS 

Zita Esteves, Manuel F. M. Costa 
zita.esteves@gmail.com 

 
Abstract. Vocational courses are a resource for 
many students, with usually low motivation and 
high learning difficulties. There curricula are of 
a more practical, experimental, and job oriented 
type, which requires teaching strategies less 
theoretical and focused on a more practical 
student involvement. 
To this end, we propose the implementation of a 
teaching based on the elaboration of scientific 
research projects. A case study on two different 
schools, one as a public and the other as a 
private institution, is presented here. The 
involvement of students and their participation 
on a national science fair is carefully analysed. 
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A SCIENCE ACTIVITY GUIDED 
BY CHILDREN AT PRE-SCHOOL 
LEVEL: FROM A STRING TO A 

PENDULUM 

Maria de Fátima Sá Machado1, 
Marta Marques2, Paulo Machado2, 

Manuel F. M. Costa2, Mário Almeida2 

1Colégio Teresiano, Braga, Portugal 
2Centro de Física, Universidade do Minho, 

Braga, Portugal.  
fatima.sm@colegioteresianobraga.com 

marta_marques@iol.pt, 
machadopaulo@hotmail.com, 

mfcosta@fisica.uminho.pt, 
coimbra@fisica.uminho.pt 

Abstract. A challenge was made to a pre-
school class for an activity about science seeking 
to find situations where children use creativity in 
the process of science learning at this age level. 
No previous suggestion was given about the 
method and way of implementing the activity. 
The teacher prepared in advance a set of diverse 
materials that could be eventually used in due 
course of the activity. The teacher would guide 
the activity to arrive to the concept of pendulum, 
but the way to reach that would be defined by the 
children themselves. 
The starting point was a simple string: to every 
child and the teacher was given a string of equal 
length. What could be done with such a string 
hanging in a hand was the first exercise. 
Immediately children´s imagination and 
creativity was shown. 
After a while a simple pendulum was under 
observation and some functioning problems were 
detected and later on debugged by the children, 
whose suggestions led the teacher hanging the 
pendulum at a door’s lintel. 
In this communication, we will report and on the 
experiment enhancing the pedagogical and 
educational merit of this type of approach and to 
highlight some creative findings of five year old 
children thinking about a physical phenomena. 

Keywords. Creativity, pre-school, science 
teaching 

1. Aims and motivation 

The learning of sciences is a major concern in 
order to raise children fully integrated in a 

technological society as we live in, improving 
their knowledge and skills in science and new 
technologies. The curiosity, imagination and 
creativity of children should be potentiated as 
early as possible, thus enabling them to feel 
comfortable and motivated when looking at and 
questioning natural phenomena, mathematical 
issues and modern technological devices. 
This investigation was carried out in the context 
of a master thesis about creativity in the 
teaching/learning of sciences, from-pre-school to 
primary school, and we present the results 
obtained from a specific case among all the case 
studies. 
Seeking to find children creativity in sciences at 
this level, a pre-school class was challenged to 
carry out an activity about science with no 
previous suggestion from the researchers about 
the theme, method and realisation of the activity. 
The challenge was accepted with enthusiasm. 
The teacher´s proposal was to drive an activity to 
build and to use a pendulum, but the way to get 
there would be guided by the children´s inputs 
and suggestions. A set of diverse materials would 
be prepared in advance that could be eventually 
used in due course of the activity. 

2. Instruments and methodology 

Instruments 

From a broader range of instruments used to 
record and to analyse the data collected, in this 
case we report only on the fieldnotes [1] and 
photographs [2] taken by the researchers and the 
interviews made to both the teacher [3] and some 
of the children [4] in the aftermath. 

Methodology 

The objective of the observation during this 
activity is to spot and to characterize at least 
three episodes of children creativity [5]. 
The notes taken include a time line [6] along 
which the observer records the development of 
the activity: the teacher’s actions and speech, the 
children’s interventions and comments, the 
actions taken and the events occurred. The latter 
processing of these field notes from different 
observers (actually 3), together with the pictures 
taken, enable to better identify and to 
characterize the quested creativity episodes. 
The interviews include the observation by the 
teacher and the children of a sequence of pictures 
relative to one or more moments identified as 
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exploring the string and making it to swing. 
After this short exploration phase, children are 
confronted with specific scientific problems 
concerning the swing game: 

 “If you want to make a swing game, then you 
need a good swing. What is a good swing? And 
what can be the rules for the game? How can 
you make such a game of your own?”, the teacher 
asked. 
While the children are building, they are engaged 
in an inquiry activity. They want to build a swing 
which meets the expectations of the game they 
have in mind. In order to integrate the results of 
the inquiry into the game, children need to have 
the chance to do the research themselves. 
Children make observations, they question and 
then they plan and execute experiments testing 
their hypothesis. Children discover some 
principles of pendulum motion by executing 
experiments with the swing game. 

Creativity 
Creativity is present in the resolution of the 
problem by the students and registered in like: 
“My grandmother pendulum clock has a swing 
like the one we are looking for.”, which shows 
science process skills such as observing and 
describing the surrounding world. When the 
child was asked “How can we build a swing like 
your grandmother has?” she promptly answers: 
“Attach the swing to the wall, hanging something 
at the end of the string.”, showing imagination 
and problem solving skills. 
Suggesting a potential way to extend the activity 
or to provide a solution to the problem/question 
also shows creativity, students were able to build 
the proposed swing, and fix it to the wall. When 
trying to make it swing they observe that “This 
isn’t a swing! It hits the wall and doesn’t 
swing.”. Many children tried to make it swing, 
unsuccessfully… so they reach a conclusion: 
“The swing can’t be fixed in the wall, because 
it’s impossible to make it swing, hanging in 
there.” This part of the activity shows that 
students were able to questioning, gathering 
evidence, interpreting evidence and 
communicating findings. 
After the first trial of building a swing a child 
suggested “Maybe we can fix it to the top of the 
door opening.” So it was done, and the 
pendulum could swing at last. 

4.2. Episode 2 - Swing game – Swing and 
hit 

In this episode students discover some principles 
of swings by executing experiments with the 
swing game and develop the skills of systematic 
observation, questioning, planning and recording 
to obtain evidence. 

Science 
The teacher challenges: “How can the pendulum 
tumble down these three plastic bottles?”, Many 
children try to explain their ideas and put them in 
practice, mainly by trial and error. The teacher 
helps the children to test their hypothesis and to 
express their findings. She scaffolds the children 
to plan and execute an experiment whereby one 
variable is changed in order to obtain a certain 
result, “Why are you putting the bottles 
closer?”; “What happens if the bottles are 
further away?”; “What happens if the string is 
small?”. 
Children have to find a way to solve these 
research questions by using the materials at their 
disposal such as a universal holder, several 
objects of different shapes and weights. From 
now on they are engaged into real inquiry to 
solve the questions. 

Creativity 
Students realize that if they attach the pendulum 
to the tripod, it moves more freely and as more 
pendulum like movement. They soon find the 
need to use a heavy object (they use an orange 
inside a plastic bag) to hang from the string (see 
Figure 4). 

 

Figure 4. Final setup for tumbling down three 
bottles 

Child M: “We have to use a long rope, and we 
have to put the bottles closer, so that we can 
drop them of more easily.” 
The children build the swing. All elements come 
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teacher’s practice, as the play and learning are 
synonymous and children of this age do not 
distinguish between the two. This approach to 
play and exploration on children’s interests 
allows them to follow their own lines of inquiry 
and create scientific understandings, alongside 
language development (including increasing 
vocabulary). 
We would like to refer some items of this 
institution policy towards facilitating learning 
and development: 

- planning activities that stimulate interest and 
curiosity in the children; 

- providing support, scaffolding and allowing 
children to make their own learning 
decisions and solve problems in their own 
way; 

- allowing the children to make decisions 
about the focus of their inquiry, even if that 
takes them away from the planned learning 
objectives; 

- making connections between scientific 
concepts and phenomena, but not 
introducing scientific concepts artificially. 
Children are exploring their world and the 
teacher introduces new ideas or encourages 
further exploration when appropriate; 

- reinforcing scientific concepts and 
vocabulary and thus supporting the 
development of the learning objectives. 

It was a shot in the dark when we were complied 
to find evidences of creativity in teaching 
sciences at pre-school level. So we had to look 
for an institution and teachers who could 
eventually join our quest. Surprisingly, the 
findings, a few of which we report in this paper, 
have overcome our best expectations. 
Quoting what the teacher of this class said in the 
interview: “I learnt to respect the opinion of my 
students and realize that there is a lot of 
potential and it’s them who have to do the story, 
making the way and if they do this construction, 
that’s great!” 
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Abstract. A long history of the science 
popularization has its roots in Europe during the 
Industrial Revolution period. However, each 
time places its own priority themes and 
objectives. While disseminating new knowledge 
is a fundamental responsibility for all scientists, 
physics is among several scientific disciplines 
that are particularly important to innovation.  
The University of Rzeszow has gained extensive 
experience in physics outreach targeted the 
school-age students and general public. The 
results of FENIKS projects and its early impacts 
are summarized to evaluate its overall efficiency.  

This paper outlines the Children University, 
which is the most current outreach project at the 
University of Rzeszow, describes its educational 
opportunities, short-term and overall goals and 
provides examples of students’ activities. 

Keywords. Physics, science popularization, 
education outreach, nanotechnology, secondary 
education, student contest, hands-on learning 
through games and activities, demonstration of 
physics experiments. 

1. Introduction 

To express a sense of urgency about translating 
science to those outside of the academy, we 
would like to quote Alan Leshner, CEO of the 
American Association for the Advancement of 
Science: “If science is going to fully serve its 
societal mission in the future, we need to both 
encourage and equip the next generation of 
scientists to effectively engage with the broader 
society in which we work and live”. 

While translating and disseminating new 
knowledge is a fundamental responsibility for all 
scientists, physics is among several scientific 
disciplines that are particularly important to 
innovation. 

2. The beginning: under the umbrella of 
Polish Physical Society 

In 1997-2009, Rzeszow Chapter of the Polish 
Physical Society (RCPPS) managed and guided 
scientists’ outreach activities at the University of 
Rzeszow (UR). UR faculty members were 
engaged in some types of outreach that involved 
school-aged children. 

2.1. Physics contests and science fairs for 
high school students 

Competitions among high school students for the 
best paper on one of several topics in physics 
were organized every two years.  
IV Regional Competition in 2005 is only one, 
but representative example. High school students 
submitted 121 contributions in three categories: 
(1) Research in physics; (2) Physics in poetry, 
religion, music and other fields; (3) a Poster 
presenting the World Year of Physics 2005 or a 
2006 calendar.  
Most of research contributions were essentially 
hands-on experiments. There were original and 
creative works in each category:  
„Determining the density of a hen's egg” (Maria 
Marganska, Middle School # 6 in Przemysl, 
Grade 1);  
“Einstein’s Dream”, a song (SIDHE band, 
Lancut High School #1); 
“Solar eclipse in Pharaon by Boleslaw Prus” 
(Pawel Olbrycht, Hotel School in Iwonicz 
Zdroj). 
Maria Marganska’s experiment deserves more 
attention for its originality.  
In brief, the experiment was designed to measure 
the egg density using objects of everyday life. 
The Competition Board was overwhelmed that 
the student did very professionally in discussing 
the findings and determining the accuracy of the 
results. This project was awarded the Grand Prix. 

2.2. The World Year of Physics 2005 

Physics demonstrations (Fig.1) became the most 
widely used type of outreach in the World Year 
of Physics 2005 [1].  
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Figure 1. Electricity demonstration organized by 
RCPPS at UR on May 18, 2005 

Thus, nearly 3000 people attended experimental 
demonstrations on thermodynamics, 
electromagnetism and optics on June 20 – 22, 
2005. 
Many outreach efforts focused on mathematics 
and physics contests and science fairs for high 
school students in small communities. 
Giving open lectures was another way that 
continues targeting the general public after the 
World Year of Physics 2005 (Fig. 2).  
Lecturers managed to find a usual ways to 
address the fundamental concepts in physics 
through discovering its relation with arts. For 
instance, Prof. Zielinski (Institute of Nuclear 
Physics, Polish Academy of Sciences, Krakow) 
delivered a presentation titled “Symmetry in 
Science and Arts” and illustrated his ideas by 
singing and playing many music pieces on piano. 

 

Figure 2. Open lecture about the Sun potentials 
and photovoltaics organized by RCPPS at UR on 

May 31, 2006 

3. Project FENIKS 

In 2009-2012, the consortium of three 
universities (Jagiellonian University, University 

of Rzeszow and Jan Kochanowski University in 
Kielce) implemented a 3-year project titled 
FENIKS within the Human Capital Operational 
Programme supported through the European 
Social Fund. Professor Krzysztof Golec-Biernat 
was a FENIKS coordinator at UR. 

3.1. Types of science outreach 

The high school students and teachers were 
engaged in different types of science outreach: 

1. In-service workshops for high school 
teachers to introduce them in hands-on strategies 
used in physics teaching accordingly to FENIKS 
motto “Understanding through doing”.  

2. Extracurricular classes taught by physics 
teachers at schools in 10 student groups, 2 hours 
per week. These classes were supported with 
instructional materials provided via FENIKS 
website. Students learned how to simulate 
physics phenomena and apply mathematics in 
solving practical physics problems. They were 
encouraged to develop hands-on projects in 
school laboratories.  

3. Presentations delivered by the UR faculty 
members at schools. 10 presentations were 
delivered in each semester during 3 project years 
in educational settings of two types: middle 
schools and high schools. Topics of such 
activities were selected by schools according to 
their educational needs. Some of the experiments 
were requested because they are too much 
complicated to be performed by students 
themselves. Other ones required the equipment, 
which was not available at schools, and UR 
visitors brought along necessary items.  
A great success featured the lectures titled 
„Black holes", "The future and the end of the 
Universe", "Time and space", "Cosmic 
Collision", "Unusual microcosm", "Beautiful 
pressure in several scenes", "Fascination with 
liquid nitrogen”. Dr. Rafał Hakalla and Dr. 
Wojciech Szajna, UR faculty members, delivered 
these lectures to the youth audience. Feniks 
hands-on shows are presented in two 1.5-hour 
movies. 
Totally, there were 500 visits to deliver physics 
presentations at participating schools. The 
lectures and demonstrations were centered on 
experimental illustrating fundamental physics 
laws. The same experiments can be re-used in 
teaching mechanics, optics and electromagnetism 
to 1-2 year students majoring in Physics and 
Technical Physics at the UR School of 
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Mathematics and Natural Sciences.  
To ensure further hands-on physics, the 
participating schools were supplied with many 
experimental facilities. 

4. Hands-on experiments at the UR 
laboratories (Fig. 3). This type of outreach 
tended to combine science and practice.  

 

Figure 3. Laboratory exercises at the Electronics 
laboratory (UR Physics Institute) 

While visiting the University of Rzeszow, high 
school students attended 2-hour lectures 
delivered by UR professors and proceeded to 3 
hour experimenting at UR laboratories under 
supervision of UR teaching staff (Fig. 4).  

 

Figure 4. A wind power plant at the CoachLabII 
Laboratory of computer-assisted experiments 

These hands-on activities were individual or in 
2-student groups (Fig. 5). The educational focus 
was placed on everyday physics and 
experimenting with things that we use in the 
daily world. 

 

Figure 5. Representation of colours at the 
Laboratory of physics education 

5. Lectures and laboratory work were 
followed by contests of students’ research 
projects. In each school, FENIKS participants 
submitted their projects to a school contest, and a 
school board selected the best project to 
represent the school at the competitions 
organized by UR.  

6. Summer and winter science camps located 
in Zwierzyniec and Polanczyk/Myczkow. A 
typical camp schedule included both educational 
and recreational activities. Instructional materials 
were disseminated via FENIKS educational 
portal [2]. All related data is displayed at the UR 
Physics Institute website [3] in the FENIKS 
section. This portal greatly contributed in 
establishing Liga Fizyczna – Physics League, an 
Internet-based community of high school 
students interested in advanced learning physics. 

3.2. FENIKS Summary 

The UR target audience comprised 800 students 
from 80 schools in Podkarpacie. Totally, 
FENIKS involved 380 high school and university 
teachers as well as 6419 students. They 
completed project evaluation questionnaires and 
expressed a high level of satisfaction with their 
participation and achieved learning outcomes. 
Since FENIKS was finished only in 2012, its 
long-time impact can be evaluated a little later, 
though some positive signs appear now.  
For instance, Maria Marganska, the 2005 Contest 
winner, and Robert Kopecki (Middle School # 3 
in Rzeszow, Grade 3), the 2005 3rd Prize for 
exploring the phenomenon of forced 
birefringence in polarized light, are studying the 
sciences now. Robert masters Physics and 
Technical Physics in particular at UR, and Maria 
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became a student of Krakow Polytechnics 
(Poland). 

4. The Children University 

Opening the Center for Microelectronics and 
Nanotechnology and the Center for Innovation 
and Technical-Nature Knowledge Transfer has 
attracted much attention to communicating 
science and nanotechnology especially and 
stimulated the Children University (Maly 
Uniwersytet Rzeszowski), a new outreach 
project. 

4.1. Outreach goals and opportunities 

The Children University was opened on May 23, 
2013.  
Eleven departments of UR will organize 1 day 
classes for children once a month. These 
activities include practice, seminars, laboratory 
exercises, workshops and lectures; they will 
begin in the 2013-2014 academic year. To avoid 
interfering with regular school classes on 
weekdays, UR-based classes are scheduled on 
Saturdays only. Supervisors will accompany 
children to UR.  
During lectures, moderators will assist the 
teachers to encourage the younsters to take an 
active role in a lecture and to co-operate in 
delivering the lecture. Other outreach activities 
will be carried out by UR instructors in small 
groups to ensure high individual motivation in 
each student. These activities are planned to be 
informal events, a kind of family picnics, to 
stimulate kids’ interest in science.  
The new project places equal emphasis on both 
the process of science and the facts of science. Its 
scope is rather novel, beginning with laboratory-
based short courses in environmental issues, 
alternative energy sources, lasers and optics 
supported with background scientific lectures 
and the Center facility tours 

4.2. Laboratory of alternative energy 
sources  

In 2010, the Laboratory of alternative energy 
sources was established at the Center for 
Innovation and Technical-Nature Knowledge 
Transfer. It is equipped with both sophisticated 
professional research facilities and instructional 
measuring stands to determine the performance 
characteristics of hybrid systems like a 
photovoltaic module and a windmill, a solar 

module and a hydrogen cell; also there are 
spectrometers to determine the spectral and 
lighting characteristics of energy efficient light 
sources, etc. 

 

Figure 6. Wind energy: models of wind actuators 
at the Laboratory of alternative energy sources 

 

Figure 7. Water energy: a model of a pumped-
storage hydroelectric power station. The turbine 

is made of ladles 

 

Figure 8. Transformation of solar energy: left - 
flat plate solar collector; right – a photovoltaic 
module made of solar cells of garden lamps 

Students themselves produced the first 
measuring stand for this laboratory, and within 
two years the students created a true laboratory. 
Third-year students studying Technical Physics 
with a special focus on Environmental Physical 
Engineering take a special practical course in this 
student-made laboratory. All experimental units 
at the laboratory (for example, Fig. 6) are 
students’ diploma projects supervised by 
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Malgorzata Pociask-Bialy.  
The model of a pumped-storage hydroelectric 
power station (Fig. 7) and the flat plate solar 
collector (Fig. 8) have been upgraded many 
times. 

5. Conclusions 

Science popularization must be linked intimately 
to the development and dissemination of 
appropriate technologies.  
University-supported summer and winter science 
courses for high-school students and “the 
scientists in the classroom” outreach model are 
certainly not a new idea. What is unique about 
FENIKS and the Children University is not only 
their initial appeal to youth from both urban and 
rural school systems, but also their ability to 
engage students in a multiyear commitment 
rather than for just a single event. 
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Abstract. Correspondence math seminars have 
a long tradition in educating mathematically 
gifted pupils in Slovakia and the Czech Republic. 
They provide a suitable, alternative form of 
education leading to improvement of the pupils 
interested in mathematics. Nowadays, to develop 
his talent, a student needs stable stimuli which 

will develop his curiosity and desire for new 
knowledge. Moreover, help him develop his 
talents and interests.  
The basis of the correspondence mathematical 
seminar is motivation and creativity. Based on 
that it is possible to stimulate student’s interest 
in the problems that are presented to him. It is a 
form in which student receives problems to solve 
that is the basis of the seminar. Seminars for 
elementary schools have tasks incorporated into 
the story, which increases children’s interest in 
the tasks. Seminars for high schools have tasks 
formulate in mathematical language, but they 
are presented in such way that students use 
creativity to solve them and find creative 
solutions which lead to gradual discovery of new 
knowledge. 

Keywords. Free-time activity, gifted pupils, 
popularization of mathematics, motivation, non-
formal education 

1. Introduction 

The teaching process is set at the level of the 
average student. Consequently, the teacher is not 
able to deal with students who are interested to 
know more, beyond the curriculum of the 
subject. It is necessary to offer young people 
viable alternatives to meaningful spending of 
free time. During adolescence, young people 
begin to think realistically about their future. It is 
the development of their interests that can help 
them to do activities in the future that caught 
their interest early in life. A talented young 
person therefore needs incentives to develop 
their interests and therefore looks for 
opportunities outside of school. Young person 
enjoys the math and understands it, is at best 
admired for their talent, at worst is considered an 
outsider because he likes what most of the 
society does not.. Full development of talent 
young person’s talents is subject to 
comprehensive development of personality. This 
can be done using the natural desire of young 
people for physical, mental and social 
development of personality. One of the ways to 
encourage student talent for mathematics is 
mathematical correspondence seminar. 

2. History of mathematical seminars 

The idea of popularizing mathematics dates back 
to the 70th last century, when it was organized in 
1976 the first mathematical camp called "Camp 
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for young mathematicians." This camp was 
based on the then new pedagogical and 
psychological principles developed by Vit Hejný 
- school teacher from Martin. The camp was the 
basis for the development of mathematics 
seminar with correspondent acronym KMS 
(Correspondence mathematics seminar). The 
founders of the seminar were Gavalec Martin et 
al. The main characteristic of the seminar was 
that it was based on a experiments and 
discoveries in mathematics made by students 
themselves, using mathematical games and 
collective competitiveness. In the next years, 
correspondence seminars for secondary school 
students were created in Prague, Bratislava and 
other cities. Later the seminars for younger 
students were created as well. 
Currently in Slovakia there are several of 
mathematical correspondent seminars operating 
in Košice, Žilina and Bratislava. 
The Faculty of Science, P. J. Šafarik University 
in Kosice, in collaboration with the STROM 
Association organizes three correspondence math 
seminars for different age groups: 

 Malynár [2] – intended for students 4th - 
6th year of primary school and the 1st 
class of eight year secondary schools, 

 Matik [3] – intended for students 7th - 
9th year of primary school and the 2nd, 
3rd and 4th class of eight year secondary 
schools, 

 STROM [4] – intended for students 1st – 
4th year of high schools and last four 
years of eight year secondary schools. 

During its existence the oldest correspondence 
seminar prepared 250 series of mathematical 
problems (comprising an average of 6 problems), 
corrected about 200,000 solutions. Seminar 
organized more than 80 camps for the best 
solvers. In the past 3 camps per year and at 
present 2 per year. At the present each seminar 
involves 40-90 participants. 

3. Correspondence mathematical seminar 

Correspondence mathematical seminar consists 
of two complementary components [1]: 

 Correspondence section that leads 
participants to solving of mathematical 
problems regularly. 

 Week camp, which is primarily 
motivational and through personal 
contact creates a community of people 

with similar interests. 

During the school year correspondence math 
seminar consists of two separate semesters and 
each semester consists of two series of 
mathematical problems. Each series contains 6 
problems which students have to solve up to 
some predetermined time. Students write 
problem solutions on paper as in Mathematical 
Olympiad. A student can write a partial solution 
of the task, describe an incomplete solution, if at 
some point he cannot move forward. Written 
solutions to send to our address by post, or sent 
via e-mail. It takes about 2 weeks for the 
solutions to be corrected. Moreover solutions get 
commented on. Corrected solutions are students 
returned to the school along with a magazine 
containing the order of solvers, and the sample 
solutions to individual mathematical problems. 
Each series contains problems that go beyond the 
curriculum and therefore require independent 
thinking, a deeper interest in the subject and 
sometimes study of mathematical literature. 
An important part of the seminar is a 5-day camp 
for the best solvers of the correspondence part of 
the seminar. Each camp consists of two parts 

 Professional - it consists of lectures to 
extend mathematical knowledge of 
students. Lectures are conducted in small 
groups, which provide space for 
questions; a lecturer is allowed access to 
individual students. Sometimes lectures 
also lectured by external teachers from 
university who are dedicated and 
devoted to gifted students 

 Entertainment - it consists of various 
competitions and games that are 
designed not only for mathematics and 
the development of general intelligence, 
but also the sports activities. 

Camps are the source of new information for 
participants, knowledge from different spheres of 
life. Sometimes students work in groups where 
they learn to cooperate, and sometimes the 
games are designed to develop their own 
individuality. Participants are lead to thinking 
rationally in any situation, to learn what their 
responsibilities, rights and opportunities in life 
are. They also touch the issue of the scale of 
values, ie the status of friendship, family, a 
variety of adverse effects or money in life. 
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3.1. Significance of correspondence math 
seminar for students 

Correspondence math seminar with its mission 
fills teaching process of gifted student. 
Nowadays, to develop his talent, a student needs 
stable stimuli which will develop his curiosity 
and desire for new knowledge. This is primary 
mission of correspondence seminars, but not one. 
Moreover, correspondence math seminar: 

 develop verbal skills by formulate their 
ideas in solving mathematical problems 
of math seminar, 

 develop logical thinking and leads to 
find logical order in solving 
mathematical problems,  

 leads to development of patience, 
because solving of mathematical 
problems often take very long time, 

 learn to organize your time to study, 
 provides the appropriate form of 

meaningful use of leisure time, 
 Give the possibility to find friends with 

similar interests. It helps them to 
integrate into society at the time of 
adolescence 

Correspondence form of seminar has the 
advantage that the student has some period of 
time to solve previously assigned math problems. 
It is a great advantage, because tasks are often 
designed so that the process of solving them 
requires thinking, testing and the gradual 
discovery leading to the solution. Acquired skill 
high school students can develop, and they are 
good tools for building future career. Students, 
who solve correspondence mathematical 
seminars after end of high school, are often top 
students of mathematics, physics and 
informatics. Several of them continue to study 
medicine, law or management. The experience 
and skills acquired by solving of math problems 
are very useful for them, and they use it in 
further studies. 

3.2. Significance of math seminar for 
organizers 

Several of high school students are organizers of 
math seminars for Youngers students. For high 
school students correspondence math seminar 
gives more opportunities to develop his 
personality. Due to the fact that as a student 
primary and secondary school solved math 

seminar, on high school they wants to be the 
organizer of math seminar for primary or 
secondary school [5]. Organization of the 
seminar leads to non-formal education of 
students. 
For students who organize seminar for younger 
students’ correspondence math seminar: 

 Develop their communication skills. As 
a person who revises student's solutions, 
they have to correctly, accurately and 
objectively reflect and formulate your 
comments. Because their comments are 
used on communication with the student 
whose solution is revised, 

 Develop teamwork. As an organizer of 
seminar, they have to be able to work in 
a team, be able to accept and fulfill the 
assigned tasks on time and with the 
required quality, 

 Develop organizational skills. As an 
organizer is responsible for ensuring of 
assigned activities. For example: 
organization of the revision process one 
series of math problems, organizing of 
math camp or one-day competition. 

 Learns to independence and 
responsibility in deciding what they do. 

High school is gradually gaining valuable 
experiences and skills. From own experience, as 
well as from the reactions of last and current 
high school students, we know that the received 
experience and skills can applied in further 
studies. Further in his personal and professional 
life, too. Several of them after end of high school 
continue as a volunteer to organize activities in 
all three math seminars. But, it is not a necessary 
that their activities had to be directly oriented on 
mathematical seminars. They can organize 
seminars related to physics or computer science, 
or they are dedicate to work in other spheres of 
life. 

4. Sample of story in Malynár 

Motivating factor in mathematical seminars lies 
in the formulation of the problem. For the 
primary and secondary school students is 
motivating planting of problems in a story 
written or drawn by the organizers of 
correspondence seminar. Students are lead to 
problem solving by searching for treasures, 
traveling in time to save the world and living the 
adventure with the heroes of the story. Now we 
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show the sample of story in math seminar 
“Malynár [2]” with mathematical problems. 
…Meanwhile, captain Beenthere sat in his 
quarters with narrowed eyes thinking about a 
problem given to him by the scholar Speculator. 
Problem no. 2: On his table the captain has a laid 
out set of cards each one black on one side and 
white on the other. Every nautical second he can 
flip two adjacent cards sharing a rim. Can he use 
this method so that they all end up with the black 
side facing up if they start out as shown in the 
picture? If yes, at least how many nautical 
seconds does he need? 
The captain was suddenly interrupted by 
someone knocking on the door and he quickly 
swept the cards aside. The youngest 
crewmember peered carefully into the quarters. 
Jacob disliked speaking with the captain at close 
range and due to this the captain considered him 
a very shy sailor. His deck washing skills on the 
other hand were perfect. 
“We’ve found the journal of your grandfather, 
captain. Mister Speculator has already started 
with the translation,” he informed and then 
hastily retreated. 
“I’M GLAD TO HEAR THAT!” Beenthere 
shouted after him. The captain grew up in a very 
busy district and never really learned how to 
speak normally. Jacob still hadn’t quite gotten 
used to it. The worst part was that the captain 
sometimes talked in his sleep. “OH, I ALSO 
FORGOT TO TELL YOU IN THE MORNING 
THAT YOU’VE RECEIVED THE COOK’S 
POSITION! WE’VE SOMEHOW 
FORGOTTEN THE OLD ONE ON THE 
PREVIOUS ISLAND ALONG WITH SOME 
OTHER MEN!” The captain gave him a broad 
smile. “WELL CHOP-CHOP, IN THE 
KITCHEN YOU GO, LUNCH IS SOON!” 
Splinter gave a salute and grumpily ran down 
into the sub-deck. He had hoped to rest a little 
after all that digging. He read the manual on a 
box of risotto and found out that he needs a liter 
of water. 
Problem no. 3: There are three containers on a 
ship: a green one that has 8 liters of volume, a 
red one with 5 liters and a blue one with 3 liters. 
Currently the green one contains 5 liters of 
water, the red one contains 3 liters and the blue 
one 2 liters. How should a sailor proceed in this 
situation if just by pouring from one container 
into another he wants: 

a) The green one to contain exactly 1 liter 
b) The red one to contain exactly 1 liter 

c) The blue one to contain exactly 1 liter 

He cannot spill the water out and the containers 
are not see-through. Are all tasks possible with at 
most 2 pourings? 
Meanwhile Speculator was on the deck 
steadfastly resolving the old journal word after 
word. It was written entirely in a tidy scrawl in a 
long dead language so it was no easy job. The 
monk Speculator‘s real name was Bohush, but 
the name did not sound wise nor mysterious thus 
he made up a new one. Finally he came upon a 
mention of the Golden Rose. After a hundred 
pages of ‘how to correctly fold a sail’ and ‘where 
can you buy the best anchors’ Bohush was 
already convinced that the journal was useless. 
But there it was in dry ink on ancient paper. 
Aurium Rosé. The Golden Rose. He set out to 
translate with newborn passion and hope that it 
won’t just turn out to be the name of some rudder 
store. 
Meanwhile, the ship approached a new island. 
“Land ahoy!” shouted Sindigud, the ship’s first 
officer as he nimbly jumped off the ship’s yard. 
“Risotto!” Jacob called out while staggering up 
the stairs with a giant cauldron. The land was 
inhabited and it even had a port so right after 
eating they set out to replenish their supplies. 
The scholar Speculator needed new ink, the 
captain left to go looking for new potential 
sailors, Gilliver had to go buy food and Jacob 
was left to wash the dishes from lunch. Sindigud 
intended to train somersaulting into the ocean at 
first, but he quickly changed his mind in favor of 
buying a saber. He vigorously jumped down onto 
the pier and started jogging while he looked 
around for a one-hand weapon stand. He stopped 
only after his forearm was grabbed by a bony 
arm. It belonged to an old woman with a crazy 
look on her face. 
“A storm is coming!” She shouted in his face. 
“Do not fear fighting in the water! Watch out for 
the feathered ones!” She released him. 
“I would trust her,” a carpet saleswoman advised 
the baffled Sindigud from across the street. “She 
tends to be right. For example, last time: 
Problem no. 4: The oracle uttered 5 forecasts 
before the last football matchup between The 
North and The South: 

a) It will not be a draw 
b) South will concede a goal 
c) North will win 
d) North will not lose 
e) Exactly three goals will be scored in the 

match 
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After the match it turned out that only three 
forecasts were correct. How did the match end? 

5. Other activities of math seminars 

Mathematical competitions are a good extension 
of mathematical seminars. They are open for a 
larger group of people, and their main aim is to 
offer mathematics to the widest possible group of 
students. In Kosice are organized four such 
competitions per year. Form each of them is 
different, but joint them fact. Namely that on one 
place in a same time is on each 200-250 students 
which are trying to solve mathematical problems. 
One of those competitions has an international 
dimension and is organized together with three 
universities in the Czech Republic and Slovakia. 
On this competition (called “NABOJ [6]”) 
participates in about 1 500 students. These 
mathematical competitions are good for 
promoting of our seminars and popularization of 
mathematics. 

6. Conclusion 

Systematic work with students who demonstrate 
an interest in mathematics and computer science 
has a long tradition in Slovakia. Described 
activities cover the age group of students from 
4th year of primary school to 4th year of high 
school. Sense of these activities confirms the 
success of students in various competitions as 
well as the application these students in real life. 
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Abstract. Good examples of applications of 
mathematics are very important for its 
popularization. Such examples are usually 
associated with some games and they use 
probability. This paper presents one example 
using graph. It deals with one card game and 
shows the process how students can find 
solutions. 
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probability, problem solving. 

1. Introduction 

Mathematics used to be very unpopular subject 
at school. “What use is it of?“ is a frequently 
asked question of pupils or students. They are 
convinced that maths is good just for student’s 
testing and bothering. They consider maths only 
as an instrument for their suffering. 
Demonstration of areas where it can be useful is 
one of the ways how to change such attitude of 
students. Good examples of maths application 
can bring a significant contribution to its 



10th International Conference on Hands-on Science 
Educating for Science and through Science 
© 2013 HSci. ISBN 978-989-98032-2-0 

 

 

163 

popularization.  

2. Games and probability 

Examples which are perceived as useful are 
usually associated with some games, (see [1]). 
Students like betting. They can use the results of 
such examples for their win. Such examples 
occur especially in probability. 

2.1. Tossing fair number cubes 

For instance, when tossing cubes, we are 
interested in occurrence of number six. How 
many cubes would be necessary to toss in order 
to obtain the probability greater than 50%?  
Students usually estimate 3 cubes. They are 
surprised that the correct answer is 4.  

2.2. Which cube is better? 

Or another one, inspired by [2].  

 

Figure 1. Number cubes A, B and C 

Each of two players tosses one of three special 
number cubes A, B and C (see Fig. 1). He who 
reaches the greater number is a winner. Which 
cube is preferable to choose? 
Students are surprised that the relation “to be 
better than“ is not transitive in this situation. The 
real advantage is to let opponent to choose at 
first. The reason is clear after comparing all three 
couples of cubes. The cube A is better than B, 
the cube B is better than C and the cube C is 
better than A. Hence choice is a disadvantage. 

3. Game with cards 

In lessons of combinatorics, one student asked 
me about the following game. This game 
contains a certain number of cards with eight 
different figures. If we choose two of cards there 
exist just one figure which is displayed on both 
cards. How many such cards can be created? 
(Student stated the number 55 at first.) 
The number of such cards can be infinite. But if 
we additionally assume that any figure is 
displayed at least on two cards, number of such 
cards must be finite. It means that there are no 
figure which could be displayed only on one 
card. 

3.1. Solutions using graphs 

For solving this problem, we use notions from 
the graph theory (non-oriented graphs without 
loops).  
We denote by k the number of figures on one 
card and by n maximal possible number of cards. 
We would like to find the general dependence of 
n on k. Let the figures be represented by capital 
letters A, B etc. in the following text. 
The case with 2 figures on a card (k = 2) is very 
simple. We have only cards AB, AC and BC. 
The number of cards is n = 3 and a number of 
used figures is also 3. 
Let us draw the situation for k = 2 to the graph, 
where each card is represented by a side of a 
triangle (see Fig. 2). 

 
Figure 2. Triangle for k=2 
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For k = 3 the problem is easy, too. We have cards  
ABC, ADE, AFG, BDF, BEG ,  CDG and CEF. 
The number of cards and the number of used 
figures is again the same n=7. 
The situation for k = 3 is similar. It can be 
illustrated by a graph, where each card is 
represented by triangle in a heptagon (see Fig. 3). 

 

Figure 3. Heptagon for k=3 

Similarly for k = 4 we have the number of cards 
and number of used figures equal to n = 13. 
For k = 4 each card is represented by 
quadrilateral with its diagonals in the tridecagon. 
Hence we can generalize for k. Each card with 
k figures is represented by a complete graph with 
k vertices. Their number is n and they together 
compose the complete graph with n vertices. 
The number of edges in the complete graph with 
n vertices must be n multiple of the complete 
graphs with k vertices. Hence it holds. 

2 ·
2

 

 and   

·    

From that equation it could be obtained the 
relation 

1 1  

and final result  
 1. 

The correct answer for k = 8 is n = 57, (not 55, 
the student was wrong). 

3.2. Experience with students 

This example presents typical process of problem 
solving in mathematics. 
First students know neither answer nor the 
solving strategy for such “great“ number like 8. 

In such situation they should be pointed to 
simplify a problem. They were suggested to 
reduce the number of figures. We have seen that 
to find correct solution of problem it would be 
very simple if k = 2. Even for k = 3 students tried 
to make up some strategy of step-by-step 
creating all required cards. 
The most difficult task for students is to find 
relation between a number of cards (n) and the 
number of figures (k). The geometrical ability to 
see in mathematics is usually a mix of talent, 
endurance and stubbornness not to give up 
problems. 

4. Problem solving 

Solving of problems has a positive influence for 
getting good ideas. Students good in maths are 
usually good in other disciplines and fields of 
activities. This is significant advantage not only 
at school but also in the future carrier and in the 
life. 
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some short and simple physics experiments were 
designed, about the weight of the air, the 
atmospheric pressure and the fall of things. 
Based on the fact that playing and discovering 
things (or some physics laws) are common in 
childhood. Our initiative is developed in primary 
school classrooms and also in the “openlab” 
from the Scientific Park of Barceloa (Parc 
Científic de Barcelona, PCR) where primary 
school classes come to attend the experiments. 

Keywords. Primary school, science, physics, 
children, scientific method. 

1. Introduction 

In a previous work [1] they have analyzed the 
relationship between the present and the future of 
science and scientific studies with students of 
primary school level. It shows that about half of 
them want to study science. Of those who 
continue scientific studies two of three want to 
be medical doctors or biologists while the 
remaining third is divided equally between doing 
chemistry or physics. 
No doubt these results seem to indicate good 
omens for future studies in the field of science 
but nothing is further from reality. The latest data 
presented by the Spanish Foundation for Science 
and Technology (FECYT) in 2010 [2] about the 
social interest in science and technology in 
Spanish society indicate that "only" 13.1 % of 
the interviewed people have any interest in 
science and technology. These results show a 
considerable ignorance about the importance of 
science in our society and it leads to the next 
question. 
Why don’ teach science at primary school level? 
The overwhelming response from teachers is 
“scientific method is not present in the science 
curriculum of Spanish primary school level [3-
4]. According to their commitment to help 
increasing the knowledge of their students, 
primary school teachers say a resounding yes to 
teach science at primary level. But how do they 
raise the students’ interest in science, in physics 
to be precise? 
One point all teachers agree on is that “children 
love experiments”. During EMBO’s second 
international practical workshop for science 
teachers [5], Dean Madden exclaimed 
enthusiastically: “children love to get their hands 
dirty”. And the simpler the experiment the better, 
it seems. Furthermore, a simple experiment done 
with minimal equipment in the school laboratory 

must stimulate curiosity and interest to the 
children. 
To encourage the interest in physics among these 
young people, children should be given the 
chance to change their previous wrong ideas by 
using experimentation. We have prepared and 
developed simple experiments about physical 
changes.  
The aim is that primary school students 
understand and learn some about physics and 
scientific method [6]; in addition, all must be 
explained by a scientist, which is an important 
aid for teachers at this level. This strategy aims 
to bring scientific knowledge to the schools 
because science is with us daily. This is the 
message that this educational approach wants to 
give to young students 

2. Methodology 

The innovative approach presented in this article 
uses as a methodology previous educational 
contributions to present science, particularly 
physics, to children aged 8-9 years. This is to 
bring science laboratory to the classroom [7]. 
The simple experiments presented here take 
place in a positive atmosphere; and they are 
developed in groups [8] to increase their co-
operational education. Our initiative is developed 
in primary school classrooms and also in the 
“openlab” from Scientific Park of Barcelona [9] 
(Parc Científic de Barcelona, PCR) in where 
primary school classes come to attend the 
experiments. 
This new education strategy is based on finding 
simple everyday objects and materials as Maria 
Montessori [10] did. This strategy arouses 
scientific curiosity in students and which explain 
some basic concepts in general science. For 
example, [6, 11] show the Galileo thermometer 
which measures the temperature due to density 
differences. 

 

Figure 1. It shows the “openlab” and the 
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preparation of session, lab coat on the chair, a 
pen and the experimental guide on the table. 

Name:  
Date: 
School:  
 The scientific method 
 Experimental part 
Working the air Does air have weight? 
What is atmospheric 
pressure? 

Water Glass 

The fall of things Which one will hit the 
floor first 

Table 1. Primary research 

Young students were given a lab coat, a guide 
with some definitions and questions about the 
experiments that they will do. Table 1 shows part 
of the guide and experiments: Working the air, 
what is atmospheric pressure? and, the fall of 
things. 

3. Experimental approaches 

In italics there are the definitions that children 
need to understand experiments.  
Furthermore, young students’ answers are also in 
italics. 

3.1. The scientific method. 
Scientists want to know what it is and how it all 
works, our bodies, the environment, space, etc. 
They get it using the scientific method.  
“First scientists observe and then they make a 
hypothesis which will be proved or rejected by 
an experiment. If the hypothesis is confirmed 
they can formulate a theory” 
The scientific method is the same reasoning that 
children have when they taste any new food, 
vegetables, fish, etc. 

3.2. Working the air 

What is air?  
“Designate "air" to the mixture of the gases in 
the Earth's atmosphere. It consists mainly of: 
Nitrogen (78.1%), Oxygen (21%), Argon (0.9%), 
Water vapour (0-4%) and other gases (ppm)” 
Does air have weight? 
Young students answer usually is ‘no’. 

Experimental part 
Each group of two students have to take an 
empty balloon and weigh it, record the result into 
the table 2. 
They have to inflate the balloon and tie it up, 

then weigh again and write down this result in 
table 2. 
 

 

Fig. 2. Weighing air. 

In table 2 you can see the results from two 
student groups. What is the meaning of two or 
more different results?  
“It depends on each inflated balloon. However, 
the air actually does have weight.” 

 Weight (A 
group) 

Weight (B 
group) 

Empty balloon 1.32 g 1.32 g 
inflated balloon 1.48 g 1.42 g 

Table 2. 

3.3. What is atmospheric pressure?  

Otto von Guericke built the Magdeburg 
hemispheres, two hollow metal hemispheres of 
500 L capacity that adjust perfectly to form a 
sphere. If you removed the interior all the air is 
"emptiness" and 16 (8 and 8) horses were unable 
to separate them. 
What effect does atmospheric pressure have? 
Students don’t know and teachers have to explain 
it. “An example of pressure would be when we go 
skiing. If we are without skis we will sink in the 
snow but with skis we can glide over it because 
pressure is force per unit area. Air pressure is 
the force exerted by the weight of air as you have 
demonstrated before. Although air molecules are 
invisible, they still have weight and take up 
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space. Atmospheric pressure is the weight of air 
above our surface.” 
How do you measure atmospheric pressure? 
Children, very young students, don’t know. “In 
the XVII Century, Evangelista Torricelli invented 
the barometer, an instrument to measure 
atmospheric pressure.” 
(Units: atmosphere = 101325 Pa = 1013.25 
hectopascals; 1 millibar = 100 Pa).  

 

 

Fig. 3. Water glass example. 

 
Experimental part 
a) Take two suction pads together and squeeze 
them to remove the air between them. 
Try to separate them. It is impossible. Why? 
“We can not, we must do more strength.” 
Now allow some air to come between the two 
suction pads. What happens? Why?  
“It is easier open it, but why?” 
The answer posed by teachers is “the pressure of 
the air.” If we want to separate them we only 
need to allow the air to re-enter the space 
between the suction pads. 
b) Is the atmospheric pressure acting in all 

directions?  
The student’s answer is “No, only vertically, 
from top to bottom.” 
However, students can not separate the two 
suction pads although these are in vertical or 
horizontal position and even diagonally. 

 
Water Glass. This simple experiment is for 
homework.  
Completely fill a glass with water to the brim. 
Cover the opening with a card, a plastic or some 
other flat object. Hold the card in place, take the 
glass to the sink and turn it upside down. 
Remove your hand from underneath.  
Eureka! Because the water inside the glass is 
lighter than the air outside, the card is held in 
place by the force from the air pushing up. 

3.4. The fall of things  

The first question related with the fall of things 
is: If you take a piece of paper and a pen and you 
let them both fall down which one hits the floor 
first? Children’s answer “The pen, obviously.”  
Why does the pen fall faster then a piece of 
paper? Their answer is “Because the pen is 
heavier then the paper.” 
Sometimes, one student says “it is gravity.” 
Teachers have to explain what gravity means. “It 
is some force that is pulling all of us “down”, it 
is invisible force that attracts any two objects 
found in the Universe, the Sun and the Earth, the 
Earth and the Moon, etc.”  
These are the children’s perceptions or 
preconceived thoughts. Now they have to do an 
experiment to prove if they are right or wrong: 

Experimental part. 
Children take a piece of paper and divide it into 
two equal parts. Which one is heavier? Their 
answer is “Both are of the same weight.” 
Which one will hit the floor first, if we let both 
pieces of paper drop?  
Few children answer “It depends on how we let 
them drop.” They have an open mind. 
Which one will hit the floor first, if we let both 
pieces of paper drop the same way? Now 
children answer “Both at the same time.” 
Now they have to make a ball of one of the 
pieces of paper and we ask the same question. 
Children answer “The ball will hit the floor first 
because it represents less resistance to air than 
the flat piece of paper.” 
Certainly. But with this experiment students have 
rejected their previous idea that a heavier object 
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hits the floor before a lighter one as Galileo 
Galilei demonstrated in XVII Century 
experimenting in Pisa tower [12]. 
Another example that children can do at home is 
experimenting with two small spheres of exactly 
the same size, one made of iron and the other 
made of wood or plastic. If they let them drop 
they will see that both spheres hit the floor at the 
same time. 

 

Fig. 4. Dropping pieces of paper 

4. Conclusion 

The primary school science teachers’ perception 
about these experiences indicated its importance 
as a good educational tool. 

This practice has contributed to:  

 Increase primary school science 
teachers’ implication to perform 
many experiments. 

 Create new confidences between 
scientists and primary school science 
teachers. 

For children this adventure has served to know 
that: 

 Like all other substances, air also has 
weight 

 The weight of air can be used to 
demonstrate air pressure and its effect 
on weather and the atmosphere. 

Finally, it is not necessary to give a hard 
scientific explanation or name any physical laws 
because children come to the right conclusion on 
their own. 
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Abstract. To help students, 11 to 14 years old, 
to understand the fantastic world they live in 
better, it is essential to encourage them to do and 
examine the results of chemical experiments as 
would a true scientist. Several experiments were 
designed and developed in primary and 
secondary school classrooms and also in the 
“openlab” from Scientific Park of Barcelona 
(Parc Científic de Barcelona, PCR) where 
school classes come to attend the experiments:  

Physical and chemical changes. 
The states of matter.  
Separation of mixtures.  

Salt and water. Oil and water. 

Acids and alkalis.  
An “Indicator” from Red Cabbage. 

Keywords. Primary, secondary school students, 
chemistry, science education. 

1. Introduction 

What is chemistry?  
Chemistry can be defined as the study of matter 
and how that matter undergoes change. You are 
chemistry and chemistry is all around you; this 
explains from breathing, iron oxidation and the 
production of plastics and pharmaceuticals to 
protect the environment and the production of 
cosmetics and medical materials, for instance.  
What is a chemical change?  
A chemical change is when two substances 
(atoms or molecules) react together and it is 
produced a new substance different to previous 
ones with another chemical properties. Some 
examples of chemical changes include 
combustion (breathing and burning), cooking an 
egg, rusting of an iron pan and the reaction 
between the hydrochloric acid and the sodium 
hydroxide to produce salt and water. 
A chemical change has occurred if: 

- There is a formation of gas (fizzing or 
bubbling): The reaction of the kitchen marble 
(calcium carbonate) with acid such as 
vinegar or lemon juice. 
- The reaction produces heat, light or odour: 
Special gels hot and cold and the smell of 
ammonia from some cleaning products.  
- A colour change is produced: acid-base 
reaction and indicators, when cleaning a stain 
or synthesizing a dye. 
- A solid is formed during the change: 
cooking an egg (proteins have been 
denatured by heat) or preparing cement for 
joining two stone. 

For reviewing the latest news, the educational 
approaches, the research projects, resources, etc., 
about chemistry visited [1]. 
For young students, doing experiments for they 
own is enjoyable only if they understand what 
they are doing [2, 3]. The way to understand 
chemical experiments is to reinforce the study of 
chemistry, observe closely and keep a neat 
record of their experiments.  
To help young students, 10 to 14 years old, to 
understand more of the fantastic world in which 
they live it is essential to encourage them to 
examine the results of chemical experiments as a 



10th International Conference on Hands-on Science 
Educating for Science and through Science 

© 2013 HSci. ISBN 978-989-98032-2-0 

 

 

170 

true scientist. These students are from Catalan 
primary and secondary school level [4, 5]. 
Catalonia is a Spain Autonomous Community. 
To bridge the gap between these primary and 
secondary school students and the chemistry’s 
knowledge, several experiments were designed 
and activities are focused on this way of 
“understand chemistry”. The experiments were 
carried out in a fine atmosphere in primary and 
secondary school classrooms and also in the 
“openlab” from Scientific Park of Barcelona [6] 
(Parc Científic de Barcelona, PCR) in where 
primary and secondary school classes come to 
attend the experiments.  
Working together primary and secondary schools 
science teachers and scientists from PCR and the 
University of Barcelona can improve chemistry 
knowledge in their students and their general 
negative opinion about chemistry will be 
modified. 

2. Methodology 

Primary and secondary school students have to 
work in groups [7] as a team to increase their co-
operational education “each person’s work 
affects the other members”.  

Teamwork is favourable for all the participants 
because the interchange of ideas requires them to 
think in depth about how to solve the chemical 
problems from the proposed experiments “each 
group member contributes to the solutions and 
discussions”.  
Chemistry experiments performed with young 
students always need to teach them laboratory 
safety. Have them wear goggles and protective 
clothing (laboratory coat and gloves), even if 
they are working with household chemicals. 
Professional chemists take safety seriously and 
do not rely on their own judgment in "deciding" 
whether to use goggles and a lab coat; they 
simple wear safety gear for all laboratory 
experiments. 

3. Experimental approaches 

Young students were given a lab coat, a guide 
with some definitions and questions about the 
experiments that they will do. Table 1 shows part 
of the guide and experiments and they can start 
experimenting in the laboratory. 

 

 

Fig. 1. Openlab vision. Laboratory coat on the 
chair, a pen and the experimental guide on the 

table are provided for each student. 

Name: Date: 
School  

Experimental part 
Physical and chemical 
changes. 

Nitrogen liquid 

The states of matter.  Water and Carbon 
dioxide 

Separation of mixtures. Salt and water. Oil and 
water. 

Acids and alkalis. An “Indicator” Red 
Cabbage. 

Table 1. Chemistry experiments 
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3.1. Physical and chemical changes 

Some chemical properties are oxidative or 
reductive power, acidity or causticity, etc. On the 
other hand, physical properties are state (solid, 
liquid and gas), shape, weight and density, speed, 
magnetism and so on. When there is a variation 
in the chemical or physical properties the 
compound presents a chemical or physical 
change, respectively.  
A physical change maintains the molecular 
integrity of the substance it does not produce a 
new substance. However, a chemical change 
happens on a much smaller scale and implies the 
transformation of a substance in other, with a 
different molecular constitution.  
 

 

Fig. 2. Inflated balloon into liquid nitrogen.  

What is liquid nitrogen? Nitrogen is a gas which 
forms part of the air and we can obtain it in 
liquid state at -198.5 °C and 1 atm pressure. How 

to change the physical properties of air in contact 
with liquid nitrogen? 

Experimental approaches 

Only the teacher must developed this experience 
because liquid nitrogen could cause irreparable 
damage to the students' skin. 
Take an inflated balloon and submerge it in 
liquid nitrogen, what happens? It can observe in 
Figure 2 that into the liquid nitrogen the gas (air) 
contained inside the balloon is cooled and its 
volume diminishes. However, if the balloon is 
removed from the liquid nitrogen the air 
temperature will increase and will recover its 
initial volume.  
Explain what happens when a flower, a leaf or a 
rubber glove are submerged in liquid nitrogen 
(homework question). 

3.2. The states of matter 

There are three basic states of matter: solid, 
liquid, and gas. Everything on Earth is made up 
of microscopic particles (molecules, ions, or 
atoms), and the amount, speed and density of 
these particles determine which state of matter 
and object is.  
Solid. A substance in solid state is anything that 
holds a particular size and shape. A plastic chair, 
a block of wood, a gold ring and a beaker are all 
solids. The particles in a solid are tightly packed 
and don't make a lot of movements.  
Liquid. A substance in liquid state is anything 
that has a constant volume, but does not have a 
shape. Liquids must be contained in an 
Erlenmeyer, bottle, or receptacle in order to have 
a shape. Water, orange juice and ethanol are 
liquids at room temperature. The particles from a 
liquid are not as close together as particles in a 
solid and move around more freely. 
Gas. A substance in gas state is anything that has 
no constant volume either shape. Air is a 
combination of many gases In addition, the 
bubbles from sparkling water are gas (carbon 
dioxide). The particles in a gas move freely at 
high speeds.  

3.2.1. Water (H2O) 

These young students from primary and 
secondary school know the chemical formula of 
water, it is H2O.  
When the temperature of the water goes up, the 
molecules get more excited and bounce a lot 
more. If you give liquid water enough energy, it 
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becomes a gas.  
Questions from the guide are: 
If there is water vapour into air, in which states 
of matter can water be presented?  

 

What is ice? Ice is water in solid state. At what 
temperature does it melt? At what temperature 
does water boil? 
The students’ answers, melting and boiling 
points and the names of changes in the state of 
matter, are presented in Table 2. 
Most of students may have also seen a solid 
become a gas. It's a process called sublimation. 
The easiest example of sublimation might be dry 
ice.  

3.2.2. Dry ice (CO2 solid) 

What is dry ice? It is carbon dioxide (CO2) in the 
solid state which sublimates at -78 °C. 

What happens when you put "dry ice" into 
water? What is the smoke that rises?  
If dry ice (solid carbon dioxide) is added to an 
Erlenmeyer flask or a beaker with water it will 
observe a strong detachment of bubbles of 
carbon dioxide. In fact, carbon dioxide reacts 
with water forming carbonic acid, an unstable 
weak acid, which quickly decomposes into water 
and carbon dioxide (the smoke that rises). 
Explain what happens when you heat a little ice 
(homework). 

3.3. Separation of mixtures 

What is a mixture? 
All matter is composed of atoms. Chemical 
elements have the same kind of atoms (Fe iron, 
Cu copper, Au gold, Hg mercury,...). Chemical 
compounds or molecules are a union the same or 
different chemical elements (O2 oxygen, H2O 

water, CO2 carbon dioxide, CH3-COOH acetic 
acid or vinegar,…). 
If the atoms or molecules that make up matter 
are different then we have a mixture. 
Heterogeneous mixtures are those whose 
components can easily be detected and separated 
sand and water (Fig. 4), sand and iron nails, salt 
and iron nails, etc. 
Solutions or homogeneous mixtures are such 
whose components cannot be distinguished, a 
pinch of salt in water, sugar in milk, etc. 

 

Fig. 3. Sublimation of dry ice. 

Experimental approaches 
a) With a plastic Pasteur pipette carefully put 
water and a little oil into a plastic tube with a 
tap. 
Cover and shake the tube. What happens 
with the oil and the water? The drops of oil 
are discernibly suspended in the water. Let 
the tube rest, observe and record what 
happens. 
Which substance appears at the bottom of the 
tube? And why? Water appears at the bottom 
because its density is higher than the oils 
density. 
Which substance floats? And why? Oil floats 
because has a lower density than water. 
Separate, with the aid of a Pasteur pipette, 
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the oil from the water by taking only the oil 
and pass it to another tube. 
Draw and explain what the teacher does with 
the separator funnel (homework). 

b) With a spatula take a little salt or sodium 
chloride (NaCl) and place it in a tube with 
water. Shake until the salt cannot be seen 
anymore. 
What kind of mixture have you prepared? 
Students have prepared a solution 
(homogeneous mixture). Although invisible, 
do you think there is salt in the solution? 
Yes, there is. 
The "solute" is sodium chloride which is the 
"solvent"? It is water. 

 

Fig. 4. Separation by decanting (sand and water) 
and a separator funnel (oil and water) 

3.4. Acids and alkalis or bases 

3.4.1. Chemical reactions 

A chemical reaction occurs when one or more 
substances are transformed into other/s that have 
chemical properties very different from those 
they had first. 
When burning petrol to run a car engine we start 
a chemical reaction. Petrol reacts with oxygen 
from the air and forms carbon dioxide and water. 
Our body burns food for obtaining energy. The 

process of burning food in our bodies requires 
oxygen from air we breathe. Food reacts with 
oxygen and forms carbon dioxide and water. 
These two are combustion reactions. 
Examples of chemical compounds are the dyes 
used to change the colour of clothes, hair and 
other products, the medicines and vaccines used 
to stop diseases, the cleaning products such as 
soaps and perfumes etc. All this is the chemistry 
you live with every day. 

3.4.2. Acids and bases 

Students of any level can learn that many 
substances are classified as either acidic or basic. 
They can also understand that these designations 
are important to chemists as they attempt to 
understand the properties of materials. Knowing 
about the fundamental properties of a substance 
helps chemists in their work. In this experiment 
you will learn how acids and bases react when 
they are put together. 

 

Fig. 5. Hydrochloric acid (HCl), potassium 
hydroxide (KOH) and phenolphthalein. 

Acids and bases in Nature. There are many 
strong acids and bases in nature. Some of them 
are dangerous and used as poisons by insects and 
animals (formic acid). Some are helpful (acetic 
acid or vinegar). Many plants have acids and 
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bases in their leaves, seeds, or even their sap. 
Citrus fruits like lemons and oranges have citric 
acid in their juice. 

3.4.3. Acid-base indicators 

One of the best ways to explore acid-base 
properties is by using a substance known as an 
acid-base indicator. An acid-base indicator 
changes colours, and the colour of the indicator 
depends on the acid or base nature of the 
substance you mix with the indicator. Thus, a 
simple colour change gives chemical 
information. 
Write down which reaction takes place between 
the calcium hydroxide and carbon dioxide? 
(homework). 
What acidic substances do you know? 
What basic substances do you know? 
The phenolphthalein is an indicator of acid – 
base as you can see in Figure 5.  
Table 3 shows the colours that present an acidic 
solution (hydrochloric acid HCl) and a basic 
solution (sodium hydroxide NaOH) when they 
react with three acid-base indicators. 

Table 3 Colour with  
substance phenolphtha

lein 
Tornasol Red 

cabbage 
acid Transparent Red Violet 
base Pink Blue Yellow 

Students can make your own acid-base indicator 
with red cabbage as shows Figure 6.  

 
1.- Simply chop up the vegetable into small 
pieces add ethanol and grind with clean sand. 
Then filter out the plant material, sand and 
the liquid through a filter in a funnel. 
2.-. Simply chop up the vegetable into small 
pieces, add boiling water, and let it sit for ten 
minutes. Next, filter out the solid plant 
material by pouring the liquid through a filter 
in a funnel.  

The result is a liquid called flavin. Exposing the 
flavin solution to acids like lemon juice or 
vinegar will cause it to turn red. Adding a base 
such as baking soda (sodium bicarbonate), 
ammonia, or lye will cause it to yellow-green. 
There is a difference in the quality of the colour 
depending on how much acid or base added.  

 

 

Fig. 6. Obtaining red cabbage indicator. 

4. Conclusion 

The feedback that we have received from 
primary and secondary school students and their 
science teachers has been very positive. 
Laboratory experiments have modified their 
initial bad opinion about chemistry. 
This educational approach could be used by 
primary and secondary school science teachers in 
their chemistry classrooms. 
It is essential to incorporate elementary 
chemistry between young people, our future 
society, if we want to increase the interest and 
study of chemistry in our society. 
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Abstract. Six Slovak universities have been 
participating since 2005 in the international 
project for high school students, Masterclasses – 
Hands on Particle Physics (MC). The positive 
response from students became a challenge for 
us to prepare more activities of informal 
education as regional MC, MC on cosmic rays, 
CASCADE project, summer schools, distance 
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1. Introduction 

One of the most important activities in physics 
education and popularization among secondary 
school students has been the project organized by 
the International Particle Physics Outreach 
Group and European Physical Society called 
“Hands on Particle Physics – European Physics 
Masterclasses for High School Students” (MC). 
It has been held since 2005 – World Year of 
Physics, each year. The students came for one 
day to nearby academic center where lectures on 
elementary particles and forces between them as 
well as on the methods of basic research were 
given to them by experienced scientists. After 
lectures the students could themselves perform 
measurements on real data from particle physics 
experiments in CERN. The last three years they 
processed real events obtained on Large Hadron 
Collider (LHC) using special software. At the 
end of the day the participants joined a video 
conference led by young physicists from CERN 
to discuss their results. 
Further activities aimed to support the interest of 
high school students in physics and natural 
sciences, to acquaint them with the up-to-date 
research results and to increase their knowledge 
have been prepared, mainly: regional MC, MC 
on cosmic rays and astronomy, CASCADE 
project, summer schools on elementary particle 
physics and on cosmic physics, and distance 
education in modern physics [1, 2]. 

2. Regional Masterclasses 

Not all high school students who are interested in 
physics can participate in international MC 
because their number is limited. In order to 
provide opportunity for more students to take 
part in a similar event we have organized 
regional MC at secondary schools mainly in East 
– Slovakian region. The content of regional MC 
is the same as of the international one except the 
videoconference. Students at their school are 
given lectures and then using their PC classes 
they process real experimental data from CERN 
themselves. Instead of the videoconference there 
is a discussion of results obtained with physicists 
which is followed by a knowledge quiz (Fig. 1). 
Since 2008 this project has been realized at 13 
secondary schools, at each one about 40 – 50 
students took part in this event.  
 Till 2010 the students during regional MC 
analyzed experimental data from Large Electron 
– Positron Collider (LEP) in CERN. The purpose 

was to analyze pictures of collisions of Z-decays 
and to measure the branching ratios of the Z 
particle. The branching ratios tell how often the 
Z boson decays into different kinds of particles. 
The Z particle can decay either into two 
electrons, two muons, two tau particles, two 
neutrinos or into two quarks. The frequencies of 
the different kinds of decays can be calculated 
theoretically using the Standard Model. The 
students measured how often the different decays 
occur and compared their results with the 
theoretical predictions of the Standard Model. 
These results could be used later to calculate the 
strong coupling constant [3].  

 

Figure 1. Quiz question from regional MC 

In 2011 the analysis of experimental data from 
LHC started also at regional MC. Several tasks 
concerning the data obtained in the ATLAS and 
ALLICE experiments have been prepared for 
students together with the software for data 
processing. Two of them from the ATLAS data 
were chosen for the regional MC: 1. Rediscovery 
of Z boson using the analysis of the products of 
Z decay (electron – positron, muon - antimuon) 
and Z mass reconstruction. 2. The study of 
proton structure using the ratio of the W+ and W− 
bosons produced which is proportional to the 
ratio of the number of u quarks to the number of 
d quarks inside the proton, so the expected value 
of the ratio is equal to 2 [4, 2].  

3. MC on cosmic rays and astronomy 

We used the experience gained in MC on particle 
physics for preparing MC on two close topics – 
cosmic radiation and astronomy. 
 Cosmic rays consist of high-energy particles 
(primary) coming to the Earth from outer space 
and a shower of secondary particles created in 
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countryside of Kysak. The aim of this activity is 
the popularization of natural sciences and 
education in an attractive and entertaining way. 
Each summer school includes a few introductory 
lectures on given topics, practical activities for 
students, informal discussions with physicists, 
one day visit to East Slovakian academic or 
scientific institutions and the competition of 
student presentations at a closing workshop. 

 

Figure 4. Java applet used during the 
astronomical MC 

In the first summer school in 2008 students were 
expected to show manual dexterity since it was 
aimed mainly at modeling of new experimental 
apparatus in CERN – accelerators, collider, 
detectors. The best models were then exhibited at 
the interactive exhibition “The Slovak Way to 
Microworld” (Fig 5.).  

 

Figure 5. Models prepared by students 

The summer school in 2009 was called “Galileo 
would wonder” and it was dedicated to the 400-

th anniversary of telescope discovery by Galileo 
Galilei. Its topic was astronomy and cosmology 
and their connection with particle physics. The 
experimental part consisted of observing the sky 
at night, analyzing real astronomical 
experimental data obtained via Internet and 
visiting astrophysical institutes in the High 
Tatras. Participants visited also the Department 
of Physics at the Technical University of Košice 
where they, divided into small teams, measured 
and processed several computer-supported 
laboratory practicals. As a practical part the 
students prepared space rocket models and tested 
their start and flight. A new form of discussion 
with scientists was introduced – a so-called 
“living library”. Students formed several about 
5-member groups and each group had a 
discussion with one physicist, after about half an 
hour physicists joined another discussion group. 
Discussions in such small groups were very 
informal and open, students realized e.g. how 
pleasant and witty people physicists can be. For 
the last afternoon workshop students prepared 
short presentations on topics related to the topic 
of the summer school. 
The next summer school in 2010 was called “The 
Big Impact of Tiny Particles”. Its main aim was 
to acquaint students with the newest results 
obtained on the Large Hadron Collider in CERN 
and with challenges for particle physicists. In its 
experimental part students processed real 
experimental data from CERN (MC) and visited 
academic and research institutes in Košice. At 
the Department of Physics two new attractive 
experiments from the field of modern physics 
were prepared for them. They observed 
electromagnetic waves, their propagation and 
measured the speed of light. Then they could 
discover one of the mysteries of quantum physics 
analyzing the electron diffraction. As an 
introduction to each experiment there was a short 
Power Point presentation on the physical and 
methodical background of particular physical 
phenomenon and demonstration given by the 
teacher. It was followed by performing the 
experiment and processing the measured data by 
students themselves (using the manual prepared 
and the help of teacher).  
“The Unknown Cosmic Radiation” was the name 
of the summer school in 2011 which was 
dedicated to the 100-th anniversary of cosmic 
radiation discovery by Victor Hess. The 
SKALTA experiment was used for MC on 
cosmic rays as experimental part in this summer 
school.  
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The topic of summer school in 2012 was 
meteorology and it was named “Water and Air in 
Motion”. 
In order to get feedback from students a few 
evaluating surveys were done among them which 
showed that the students found the summer 
school stays very interesting and pleasant and 
they preferred and appreciated most the activities 
of the experimental block, mainly those which 
they did themselves – as, e.g., experiments at the 
Department of Physics [10 ]. 

5. Distance course 

In March 2010 a new activity was started - a 12-
week distance course “Windows into Modern 
Physics” in MOODLE environment for 
secondary school students to deepen their interest 
in physics, natural sciences and up-to-date 
research as well as to increase their knowledge in 
these fields. The course consists of 10 parts – 
modules: Atom, Nucleus, Basic Forces, Standard 
Model, Accelerators, Detectors, Laboratory 
Practical, CERN, Quark-Gluon Plasma, Physics 
in Medicine and its aim is to acquaint students 
with new attractive parts of physics and physical 
research. These parts are usually not included 
into physics lessons at secondary schools in 
detail. The course deals with elementary particles 
of which the whole known Universe is built, with 
the forces between them which keep them 
together and also with the methods used in the 
study of microworld. The course provides also an 
insight into the world newest and largest 
experimental apparatus as the LHC in CERN. 
Each module, in addition to the basic educational 
text, contains several different items – links to 
interesting web sites related to a particular topic 
for further study, a self - evaluating test which 
makes it possible for the student to check the 
understanding of the basic ideas described in a 
particular module. At the end of the course there 
is another more general test with questions 
concerning the content of all modules and 
students get points for answering the test 
questions. A discussion forum is opened during 
the whole course duration where students, 
teachers and course authors - tutors can ask and 
answer questions or write about any thing which 
they have found interesting or remarkable. The 
whole course – on-line study is continuously 
electronically evaluated. During the course there 
are usually two presence sessions of students 
with tutors. The first one takes place after seven 
weeks from the beginning (six modules and 

Laboratory Practical are opened), the 
introduction for the session is the module 
Laboratory Practical. During the session students 
process themselves experimental data from 
CERN (similarly as at MC). The second session 
is the closing activity of the course (usually two 
weeks after the course was finished in order to 
have time to prepare presentations). Its main part 
is the presentation competition. Students teams 
(usually of about two students) give a five 
minutes long presentation which they prepared 
on a chosen topic, e.g., What is the world made 
of?, Basic forces in the nature, Hubble’s 
telescope – back in time, Big Bang and Universe 
evolution, What is behind the Standard Model?, 
Elementary particles and the early Universe, The 
theory of everything – science or science-
fiction?. The most successful course participants 
and the winners of the presentation competition 
were awarded the prizes, e.g, a week stay in 
CERN or at the Czech Technical University in 
Prague at the Science week, books, USB flash 
drives. 
At the last session all participants of the first run 
of the course took part in an evaluating survey in 
questionnaire form, its aim was to find out the 
students' opinions on the duration, content and 
form of the course. 84% of participants were 
satisfied with the duration of the course (one 
module per week), the average time needed for 
one module study was 0.5 – 1 hour. It turned out 
that students use PC on average for about three 
hours per week, mostly looking for entertainment 
and contacting friends, less for education. It 
could be due to the fact that there is not enough 
attractive educational web sites. One question 
concerned the level of knowledge before and 
after the course. The answers showed that at the 
beginning of the course the level of knowledge 
on all topics was very low but after finishing it 
the level significantly increased. The students 
appreciated the educational texts very much, they 
were not so much satisfied with the electronic 
sources. It resulted from the survey that the 
course was well-done and very attractive, 
students were very satisfied with the knowledge 
they gained. The most attractive for the students 
was new interesting information, the possibility 
of on-line study as well as the personal contact 
with the tutors and presence sessions. They 
would appreciate more animations and videos 
related to the texts and more presence sessions. 
The survey results helped us to increase the 
quality of the next course [1]. 
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6. Conclusions 

The aim of all activities mentioned above is to 
acquaint students with the basic questions which 
physics can answer in a new attractive way and 
in this way to increase their interest in physics. 
Natural sciences popularization and informal 
education in Slovakia include even more 
activities. An interactive exhibition “The Slovak 
Way to Microworld” with students as lectors was 
prepared and installed in several towns in 
Slovakia. The aim of the exhibition was not only 
to popularize but also to educate. Panels 
provided information about experiments in 
CERN (Fig. 6.). 

Figure 6. Exhibition panels 

The exhibition part of multimedia presentations 
and demonstration experiments was very 
interesting. There was e.g. an animation of the 
particle traveling through the accelerator until the 
collision takes place. 

 

Figure 7. The Adventure of Discoveries 

The other exhibition was “The Universe – the 
Adventure of Discoveries” [11] (Fig. 7).  
Both exhibitions were accompanied with the 
competition of paintings and photographs of 
young people.  
Another activity is the CASCADE project [12] 
which was inspired by the CASCADE project 
organized at the University of Birmingham in 
2007. Our project is a competition of 
presentations on a chosen topic concerning 
modern physics for high school students all over 
Slovakia. A group of three students prepares a 30 
minutes long presentation for students at their 
school. The presentations are recorded and then 
the jury (using video records) chooses the five 
best ones and their authors are invited to 
participate in the final round which takes place at 
one of the high schools. The project started in 
2009 with 4 teams, during following years there 
were about 15 teams in competition.  

 

Figure 8. CASCADE student presentation 

The mentioned activities which differ in form 
and content provide a complementary source of 
information on modern physics for more students 
who can also choose the level which suits them 
best. 
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Abstract. A long SPIE membership of the 
author and close contacts with the different 
activities supported by SPIE, among which a 
three years mission as scholarship evaluator 
allows to make some comments and 
recommendations. Comments upon specific 
features of the education nowadays connected to 
the globalizations and UNESCO statistics are 
included, as well. The policy of SPIE and OSA is 
to encourage young people to be actively 
involved in the society to disseminate the 
scientific information. The mission of the 
professional associations is to increase the 
interest of future scientists to serve the human 
being. The contact with the extracurricular 
activities favors the young scientists to choose 
the most useful scientific fields. It is to mention 
the interest of students to attend the important 
conferences to be able to present the results of 
their activities, to meet famous professors and be 
accepted in famous scientific teams. 
The evaluator experience is of high interest, as 
well, since it allows to compare the level of 
students all over the world, to see the trends in 
education, to appreciate the level of schools, the 
interest of students for the famous universities 
and many other aspects to be discussed. 

KeyWords. scholarship, responsibility, 
professional level, globalization, senior and 
young scientist 

Introduction 

For long time coordinator of SPIE Student 
Chapter in Romania, the invitation to serve as 
evaluator was an attractive activity and allows to 
have a general view upon the student education 
and trends, nowadays, when the globalization is 
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a running event and the tendency of students to 
move all over the world, mainly towards the 
famous universities to be able to perform and 
have access to the best jobs.  
The author is presenting some considerations and 
observations based on a three years experience as 
evaluator. The reason to propose this 
contribution is the strong feeling of the author 
that for any professional besides the interest for 
the very specific features of the scientific 
specialty it is a problem of ethics to honor this 
field and if it not always possible to have 
important personal contributions in your 
profession, it is a moral duty to respect the 
predecessor contributions and promote them. It is 
the mission of any professional association to 
preserve the fame of the field and make young 
people proud to belong to this profession. The 
strategy of the professional associations as SPIE 
and OSA is to ever increase the interest for 
science, to promote the gifted young people and 
help them to improve the scientific level. The 
scholarship is enlarging the education 
opportunities to students, is favoring to improve 
the professional level and encouraging the future 
leaders of the scientific community. Being in the 
competition is the best way to ever improve 
yourself, to be in contact with people coming 
from different other cultures, knowing different 
ways to think and act about the future of the field 
of your research and for sure able to better know 
to “what my research is useful for”? 

Comments upon scholarship  

The scholarship grant competition is launched 
every year and the application form consists in 
some questions to establish the education level of 
the candidate students, the extracurricular 
activities, an essay to describe the intention to 
use the money and two recommendation letters. 
All the points mentioned are quoted and some 
comments of the evaluator justify the decision, if 
necessary. 
The schedule of the scholarship evaluation is 
very sharp established and respected by all the 
members of the Scholarship Committee and the 
correctness is assured by very strict rules: every 
application is twice evaluated and each evaluator 
is signing a “Conflict of interest Policy” and 
never an evaluator judge the co national students. 
The Scholarship Committee Members 
coordinated by the chair vote the 
recommendations established according the SPIE 
strategy, the surveys launched to consult the 

members of the community and have their 
proposals. The budget is rigorously distributed 
and the list of awarded students is open to be 
consulted by all the evaluators.  
The CV and the publication list inform the 
evaluator about the level of education and it is 
very relevant for comparing the applicants. The 
most important point is the essay in which the 
candidate introduces him/herself by describing 
the domain of professional interest, making proof 
of how master is upon the subject, the previous 
research reflected in published papers and the 
future intentions to improve his/her professional 
level. 
According the CV the best students applying for 
scholarship have a very consistent background, 
an impressive list of published papers in the peer 
reviewed journals. It is easy to notice the 
difference between such students and others sill 
hesitating, making side comments just to fulfill 
the essay as words number. 
The extra curricula activities and the awards are 
also important to be seriously treated by the 
applicants, since these aspects show the interest 
of the student to organize the future of the career 
in order to be integrated in the society. The 
young scientists become aware about their 
mission, to be helpful for the society to ever keep 
the stimulating curiosity to find solutions in an 
ever moving society with higher needs and 
controversial laws. Many applicants are provided 
by the Asian space where there are still problems 
regarding the large access of people to education. 
Some essays contain emotional confessions of 
the applicants regarding the status of education 
in their countries and the sincere motivation to 
promote on a higher level of education. 
The letters of recommendation are important as 
well to convince the evaluator how close is the 
student to the research field, the professional 
capacity, the ability to work in the team, the 
leadership features, the interest to transmit 
information, to develop activities in the society. 
It is to notice that many students from the 
emerging countries are in contact with co 
national professors already serving in the US 
universities or other European universities and 
help the student to be able to accomplish their 
professional level. These contacts are very 
important for home universities.  
The scientific research is a creative activity, 
which means a continuous effort of improving 
the professional level by very different means: 
first of all, the ever increasing responsibility for 
your own professional condition to follow the 
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steps of the hierarchy, to be faithful to your 
profession and finally to ever become more 
generous to transmit the skill to the young 
generations. The mission of education of new 
generations is not only a need but is a way of 
improving your own condition since the dialog 
between professor and student is always 
reciprocally fruitful, inciting, creative, ever a 
miracle. 
From some letters it is interesting to remark the 
special and subtle relationship between professor 
and young scientist in this creative process of 
formation, which is stimulating for the both, 
since the experience of the senior is thus 
creatively matched with the curiosity, boldness 
and diligence of the gifted student, really 
integrated in the research team and developing 
leader skill. 
The enthusiasm of young people is the active 
motor of the research activity and being 
evaluator it is possible to notice and guess a real 
future scientist, it is a great pleasure and 
satisfaction for the coordinators to have such 
brave students and contribute to their formation. 
The scientific career is accomplished not only by 
the single contribution of the researcher but by 
their activity as coordinator of opinion leaders or 
discoverers of new gifts in science. For this I‘m 
positive the strategy of professional societies 
have a high mission and the organization of the 
large conferences, the opportunity to gather the 
most impressive brains if the different scientific 
domains and the aspirants to the future trends. It 
is to notice the satisfaction of some professors to 
stress the leader features of some students. 
It happens, some letters to contain more 
scientific information about the level of research, 
that is not mention in the essay; this means either 
the letter was written after a report or the 
recommender was too generous to help the 
student to have a successful application.  
Some recommendation letters are too generous to 
favor the candidate, but some professors really 
show how close is the student to the subject and 
really involved to solve problems and have 
objective opinions. The evaluator has no doubt 
about the high importance for any applicant to be 
awarded in this competition, but he has to be fair 
to make difference between diligent students and 
those who just try to benefit of a travel to attend 
a conference. This is a hard task and it is 
necessary to be very honest. 
The majority of students intend to use the grant 
for attending the conferences to be able to 
present their results, to joint the important teams 

establishing new contacts and promoting in the 
field. Some need to purchase books, or IT 
accessories. 
The advice would be the students who intend to 
apply for scholarship to be very serious at every 
detail to be written in the application in their 
favor. 
I was impressed by the number of excellent 
applications, well elaborated publications in peer 
reviewed journals, serious activities, and high 
motivation: mature managing of their future, 
ability to speculate advantages of the market, 
approach interdisciplinary activities, interesting 
applications in bio photonics having background 
in electrical engineering. 

Statistics 

Regarding the statistic the highest number of 
applicants is except US, from China, India, 
Russian Federation, Iran, Turkey and other ex 
Sovietic countries as Ucraine. It is to note that 
many applications from China, India and Russian 
Federation are very serious. In the last edition the 
number of successful applications from China 
was 21, Russian Federation 12, Ukraine 4, Iran 6, 
India 10, Turkey 4, Taiwan 5; nevertheless when 
I was more attentive to read the names of US 
candidates I found many Chinese names, which 
means that there are already many Chinese 
residents In US, and other nationalities, as well. 
As far as I could notice the best applications 
have been written by students with a serious 
background in IT and electrical engineering from 
China, India and Russian Federation, that means 
these students could match the theoretical and 
technical knowledge. 
The number of applications from Europe is much 
lower, probably because the students from the 
Central and Eastern European countries choose 
the western European countries for MSci and 
PhD studies. 
Since the different education levels MSc or PhD 
levels means the elaboration of the graduation 
thesis the number of publications is important.  
According UIS [1] the highest number of 
researchers in US and the best conditions to 
develop high top research is the reason the large 
number of students apply for US universities. 
Regarding the bibliometric indicators the 
conclusion is that the share of world scientific 
publications declined in the developed countries 
over the last 20 years. It is to note an increased 
share of publications in collaboration of 
scientists from developing countries with those 
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from developed countries. 
Recently the travel grants are available for High 
school students as well. It is usual that the 
winners of the International Olympiad contests 
are invited to continue the education in the US 
colleges and universities. 
The interest of student to defend the MSci or 
PhD titles in top universities is driven by 
academic, Mobility of doctorate holders is driven 
academic, job related as well as family and 
personal reasons.  
Migration and mobility patterns of doctoral 
graduates are similar to those of other tertiary 
level and other categories of the population with 
important flows towards the United States, 
principally from the Asian countries, and large 
intra-European flows, notably towards France, 
Germany and the United Kingdom. 
15% to 30% of doctorate holders from European 
countries, for which data are available, who are 
citizens of the reporting country have 
experienced mobility abroad during the past ten 
years.[2] 

The author considers the observations useful to 
establish a policy in the domain, and possible 
some milestones to have a strategy. 

Conclusions 

The scholarship is open for all the students all 
over the world and contribute to improve the 
level of education, one of the components of the 
Human Development Index (HDI). It is 
recommended that this opportunity to be used 
and students to be informed and take profit of it. 
Being successful in an application and able to 
benefit of a grant means an important stimulus 
for any student. 
The teams formed from different nationality 
students, provided by different worldwide 
schools means new opportunities to enlarge the 
scientific approach and be more efficient both 
students and professors. It is to notice the 
enthusiastic pleasure some professors show in 
the recommendation letter, when they discover a 
gifted young people with leader qualities to 
propose and move forwards the scientific 
activity. 
Finding a good application the evaluator tries to 
have more information about the home university 
of the student; generally, these universities are 
technical ones from Asia or Russian Federation 
and there are not a single student provided from, 
but some. Such students conscious about their 

level are keen to promote towards the best 
research centers, attend the conferences where to 
meet professors interested in their skill. Their 
level of knowledge and technical skill allow to 
choose to work in the most attractive scientific 
domains, as bio photonics, communication, 
imagistic, high education. Many of them use to 
think to business, as well. 
It is a very interesting experience even for the 
evaluator, to be able to conclude about the level 
of students all over the world, the trends of 
modern science, the very special relationship 
between students and professors, the stimulating 
effects upon both when the prestigious 
experience of the professor is combining with the 
stimulating curiosity and diligence of the young 
people keen to promote in science. 
The author proposal would be a special course to 
introduce the students in the futurology of their 
investigation fields to be informed about the 
recent trends based on different statistics 
combining the theoretical and practical 
valorization of the knowledge. 
If a student wants to take profit from the 
opportunity of travel to attend the main 
conferences it is recommended to inform 
previously about the activities developed by an 
association and of course about the duties and 
rights. To attend a conference is nevertheless an 
important professional benefit, for which you 
have to be prepared and motivated on long term, 
this is not a reward for everybody. It is for 
students able to understand the presentations, 
able to establish contacts and offer their skill. 
I hope these remarks to be useful for students 
intending to apply for scholarships to be attentive 
at all the questions and being able to convince 
the evaluator upon his/her quality. 
The very recent report of UNESCO Statistics 
on development is entitled “Human 
development Report 2013 “The Rise of the 
South: Human Progress in a Diverse World 
I found the confirmation of some of my 
remarks as evaluator. 
All groups and regions have seen notable 
improvement in all HDI components, with faster 
progress in low and medium HDI countries. On 
this basis, the world is becoming less unequal. 
Nevertheless, national averages hide large 
variations in human experience. Wide disparities 
remain within countries of both the North and the 
South, and income inequality within and between 
many countries has been rising. 
Although most developing countries have  
done well, a large number of countries have done 
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particularly well—in what can be called the “rise 
of the South”. Some of the largest countries have 
made rapid advances, notably Brazil, China, 
India, Indonesia, South Africa and Turkey. But 
there has also been substantial progress in 
smaller economies, such as Bangladesh, Chile, 
Ghana, Mauritius, Rwanda and Tunisia. [3] 
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Abstract. In the paper the authors consider 
the way selected centres of science 
popularization work from the point of view 
of possibilities of using the exhibits by 
visitors. The key aim of the popularization 
exhibition is to raise interest, increase 
motivation and draw visitor’s attention to 
using scientific knowledge in both technical 
practice and everyday life. From the point of 
view of education, however, the usage of the 
attractive exhibits potential is limited. Based 
on their experience in organizing several 
popularization events the authors present an 
idea of developing pupils‘ cognitive 
processes by means of experiments 
incorporated into inquiry science lab. The 
concept of the laboratory as part of Steel 
Park centre for science and technology 
popularization in Košice is introduced. In 
selected tasks the authors point at different 
levels of inquiry oriented activities viable 
with a group of pupils of different age. The 
designed tasks connect with syllabuses and 
are aimed at developing different elements of 
scientific literacy of pupils.  
 
Keywords: inquiry, popularization, science 
centre. 

1. Introduction 
 
A lot of science centres, exploratories and 
museums [1] have been established in effort to 
promote science and technology in society, 
among children and young people. They are 
basically institutions that have prepared a series 
of scientific experiments, observations, games 
and similar attractions working on a selected 
phenomenon. A surprising effect, unexpected 
behavior or inexplicable phenomenon that are 
supposed to raise curiosity and desire to discover 
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in a visitor are offered to them as a rule. The 
exhibits are usually prepared in such a way that it 
is possible to carry out observation with them 
repeatedly without help of an instructor. 
A visitor usually perceives the activities as 
a game, the aim of which is to watch a selected 
phenomenon. Its essence is explained in the text 
by the exhibit. It is amazing to watch the 
excitement, enthusiasm and happiness from 
controlling the exhibits. They certainly fulfil 
their primary function of winning the interest and 
cause a long-lasting experience.  
Visitors of popularization centres are often 
groups of school children on a school excursion. 
From teacher’s point of view it would be surely 
welcome if besides motivation the excursion had 
an educational size and if it could be possible to 
use it to complement subject matter or to develop 
skills acquisition of which school does not have 
appropriate conditions for. This requirement 
made us think of using the enormous motivation 
potential of the exhibits and unusual observations 
in educational activities carried out directly in 
a popularization centre.   
 
2.  Steel Park Inquiry Science Lab 

invention 
 
The classical exhibits of the visitor part of the 
Steel Park [2] predominantly focused on 
presentation of interesting scientific, technical 
and technological solutions used in steel and 
steel products production. Our aim is to raise 
excitement and interest in a visitor and to create 
a positive attitude to science and technology. The 
information mediated by exhibits is processed 
mainly on the level of remembering and on the 
basis of experience-based observation.  

In every aspect of human activity, however, 
there are key concepts and phenomena that 
require thorough understanding their substance. 
Understanding key concepts and processes is 
possible to be achieved mainly by pupil’s own 
cognitive activity. Using prior (primary) 
knowledge acquired by a pupil in the process of 
school education, extracurricular or free time 
activities is important.  
Pupil’s cognitive activity should be guided and 
monitored by means of immediate feedback and 
the result of the activity should be evaluated 
based on comparison with primary knowledge. 
Inquiry Science Lab activities use constructivist 
approaches and different levels of inquiry-based 
methods. A certain part of visitors will consist of 

organized groups accompanied by a pedagogical 
worker (teacher) and as a rule connected with 
school activities (trip, excursion). Their number 
is strongly dependent on the teacher’s (school 
director’s) belief that the visit is beneficial for 
education by complementing, widening and 
enriching it. 
A parent (grandparent) with a child, two or three 
friends may be motivated towards the visit by the 
very possibility of independent investigation, 
discovery and consequently also of 
understanding principles things work based on. 
Primary knowledge, experience and interest in 
certain topics will be strongly used here.  
 
3. How it will work 
 
The focus of Inquiry Lab topics follows ISCED2, 
ISCED 3A state educational programme, 
chapter: Man and nature. Ten topics are 
elaborated in total that can be used for both 
elementary and secondary school pupils. Within 
each topic there are four different tasks, which 
can be performed on observation or inquiry level 
each. 

Inquiry Science Lab represents four 
independent workplaces suitable for work of 3-4-
member groups, maximum 16 visitors in total. 
Working out one topic requires 45 minutes. If the 
tasks involve observation, the groups take it in 
turns to work at all four workplaces. If inquiry is 
involved, each group deals with one task and at 
the end they inform one another about the 
findings. The groups are guided by a Steel Park 
Inquiry Science Lab lecturer (a university 
student, ideally a pre-service teacher).  
Within each topic four different activities are 
elaborated, each of them being prepared for two 
levels:  

 Observation of the phenomenon and its 
discovery, 

 Investigation of the phenomenon and its 
understanding. 

Observation means that a visitor has a simple 
instruction available as to what to do with the 
exhibit, what to notice, there are questions to 
think about as well as a brief description of the 
observed phenomenon. Investigation represents 
a series of activities by which a visitor discovers 
properties of the objects, gets to know their 
behavior, finds out their dependence... we want 
them to understand the essence of the 
investigated phenomenon. 
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Visitor leaves each activity with their scientific 
notes recorded in prepared worksheets. 
Organized groups make a fixed reservation for a 
currently offered topic by filling out an 
electronic form.  The reservation is due to be 
made at least two days beforehand. The topics 
are changed monthly during a school year. 
During holidays the most attractive topics will be 
offered (the ones most wanted during a school 
year). If there is no prior reservation (the date is 
free), visitors are offered to carry out observation 
in Inquiry Science Lab for the minimum of 3 
groups (2-4 visitors).  
In the room there are four independent 
workplaces installed. Each of them has 
a computer with measuring equipment available 
and is connected to a projection area and the 
Internet. An interactive data projector connected 
to the lecturer’s computer is used for guiding the 
activity. A lecturer can show any workplace 
monitor on the projection area. Storage area of 
each workplace can accommodate equipment for 
10 topics (each topic with 4 tasks).  
 
4. Inquiry activities 
 

Our aim is that the educational activities of 
Inquiry science lab could appropriately 
complement and cohere with the exhibits of Steel 
Park – creative factory. Therefore we have 
selected topics of such areas as e.g. Green 
energy, How JO- JO Works, Optical illusions, or 
Low energy house. Each topic is presented by 
four different activities. We present three topics 
and selected activities as an example. 

 
I. Green energy 

1. Energy from the Sun 

2. Hydrogen – fuel of the future 

3. Wind energy 

4. Peltier cell 

 
The activity Hydrogen – fuel of the future can be 
carried out as bounded or guided inquiry, as was 
described in more details in project Establish [3]. 
Students study the text about the basic principles 
of the fuel cell technology, PEM electrolyzers 
and possible solutions for storage of hydrogen. 
The next part is focused on measuring energy 
efficiency of PEM electrolyzer. It can be carried 
out as guided inquiry following the instructions 
in the worksheet. Finally, based on their own 
results students can calculate the energy 

efficiency of the electrolyzer and compare it with 
the theoretical one. Last part of activity is 
focused on measuring of fuel cell hydrogen 
consumption and energy efficiency. This activity 
can be continued as an interactive discussion 
between lecturer and visitors.  
 
II. To make bodies turn - we investigate yo-yo.  

1. How to make it turn around properly 

2. We are rolling and rolling 

3. Persistent in rolling, lazy in setting to it 

4. How yo-yo works 

 
The concrete experience with the yo-yo wheel 
motion can become a good starting point for the 
student understanding of the concepts of 
rotational motion [4]. In order to help in better 
understanding of the rotational motion concepts 
there is an inquiry based laboratory work 
designed for visitors. The aim is to study the 
rotational and translational motion of the yo-yo 
toy in order to describe and analyze the 
kinematics and dynamics of this kind of motion. 
Visitors measure and analyze the position, 
velocity and acceleration of the moving different 
objects with the help of computer based 
measurements via Coach system.  
 
III. Low energy house 

1. The effect of sunlight on the temperature 
inside house 

2. The isolation properties of different 
materials 

3. Build and use home-made radiometers 

4. Hot air balloon power by candle 

 
We would like to investigate the hot air balloons 
basic scientific principles, warmer air rises in 
cooler air. The balloon has to be so large as it 
takes such a large amount of heated air to lift it 
off the ground. To help keep the balloon in the 
air and rising, hot air needs to be propelled 
upwards into the balloon using the candle 
burners. The task is to measure how much 
thermal energy is needed for the hot air balloon 
rising. 
Our aim in inquiry-based activities is to use four 
groups of pupils to investigate seemingly 
independent issues. A laboratory presenter makes 
a motivating introduction to the issue and opens 
a short discussion based on pupils‘ primary 
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knowledge. Tasks division is agreed on, each 
participant knowing their task as well as the tasks 
of others. Task solving is guided within 
supervised discovery by means of worksheets. At 
the end there is time set aside for presentation of 
results of each group and summary. Emphasis is 
put on the ability to present arguments and 
justify one’s results.  
5. Pre-service physics teacher training 
 
The educational activities are guided by pre-
service teachers who this way do their training. 
Because each month of a school year there will 
be presented a different topic, we will follow the 
results of the questionnaires evaluating its 
success. In the questionnaire the focus is on 
finding out the level of understanding the issue, 
ability to give arguments and evaluate one’s own 
work. Pupils will participate in the 
questionnaires by means of voice system 
connected to the ticket. It will be thus possible to 
follow an individual pupil in their repeated 
participation in the educational activities as well. 
Pre-service teachers will benefit from precious 
experience in carrying out inquiry-based 
activities and test their ability to evaluate 
a scientific experiment. By repeating carrying 
out such activities they will be able to improve 
their approach and develop their pedagogical 
skills.  
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Abstract. Náboj is an international 
mathematical competition designed for teams of 
five high-school students that represent their 
schools. It is live competition which is place on 4 
places (Košice, Bratislava, Opava Praha) in 
same time. The competition lasts 120 minutes 
during which the teams are trying to solve as 
many given problems as possible.  
It is not just a direct application of the 
knowledge the students already have had. The 
tasks require a certain amount of inventiveness 
and ingenuity. In the poster we show full scheme 
of this competition with sample of mathematical 
problems. 

Keywords. competition, popularization of 
mathematics, non-formal education 

1. Introduction 

Mathematics in the teaching process belongs to 
the subject that is difficult for students. Many of 
students need stimuli to motivate to understand 
it. Using the less formal form of the teaching 
process in the school is the problem. Teachers 
don't have place and time for using these 
methods in the class. The contest is one of the 
suitable forms of learning and personal 
development. We choose the form of 
competition, which is still verified on math 
camps. 

2. History 

History of this competition extends to 1976, 
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when first correspondence mathematical seminar 
was created in Kosice [1]. 
The main characteristic of the seminar was that it 
was based on an experiments and discoveries in 
mathematics made by students themselves, using 
mathematical games and collective 
competitiveness. In the next years, 
correspondence seminars for secondary school 
students were created in Prague, Bratislava and 
other cities. Later the seminars for younger 
students were created as well. Currently in 
Slovakia there are several of mathematical 
correspondent seminars operating in Košice, 
Žilina and Bratislava. Naboj was a one of the 
mathematical activities which were created in the 
mathematical camps. This name is arising as 
shortcut from the notice board fight 
(NÁstenkový BOJ). At the beginning it was as 
the individual competition in the solution of 
mathematical tasks which were public on the 
notice board. Later was a similar idea use to the 
team competition in solving mathematical tasks.  
Currently, there are several competitions with the 
same ideas as competition on mathematical 
camps. One of them is an international 
mathematical competition, and it is called Náboj. 
Participate on them high schools from Slovakia 
and Czech Republic. Moreover in Kosice there 
are a three contest with the same idea. They are  

 Košický Matboj – intended for students 1st – 
4th year of high schools and last four years 
of eight year secondary schools. 

 Lomihlav – intended for students 7th - 9th 
year of primary school and the 2nd, 3rd and 
4th class of eight year secondary schools, 

 Mamut – intended for students 4th - 6th year 
of primary school and the 1st class of eight 
year secondary schools. 

3. Náboj 

Náboj is an international mathematical 
competition designed for teams of five high 
school students that represent their schools. The 
competition lasts 120 minutes during which the 
teams are trying to solve as many given problems 
as possible. 
At the beginning of the competition each team 
receives six problems. As soon as the team 
correctly solves any of the problems it receives a 
new one. The solutions of the problems are 
usually numerical. The team that solves most 
problems correctly in the given time limit wins. 
Difficulty of the problems is appropriate both for 

students inexperienced in mathematical 
competitions and for students who have already 
succeeded in Mathematical Olympiad. This is 
achieved by arranging the problems in order of 
their perceived difficulty. Problems in Náboj 
differ considerably from the routine school 
exercises which usually require only direct 
application of a given method: the Náboj 
problems require certain amount of inventiveness 
and ingenuity. Success in the competition does 
not depend on the individual abilities of the team 
members only but also on their efficient 
cooperation. Apart from enhancing imagination 
and logical reasoning our goal is to attract people 
to the endless beauty hidden in mathematics. 
Náboj 2013 takes place simultaneously in 
Prague, Bratislava, Opava and Košice. In each of 
these sites there will be a local ranking of 
individual teams. Students will also be able to 
compare their performance in the national and 
international ranking. The teams will also be able 
to check their current ranking during the 
competition. 
Teams compete in two categories, Juniors and 
Seniors. The Junior category is open only for 
teams with all members attending first or second 
grade of a 4-year high school (or a corresponding 
grade in 5- or 8-year high school). The Senior 
category is open to any team consisting of high 
school students. 
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Abstract. Throughout the whole academic year, 
a scientific competition was held which was a 
combination of typical competitions and displays 
in education centres. A series of hands-on 
modules were selected and placed in the centre’s 
hall for a month. Anyone could interact with 
them at any time. As an incentive to involve 
participants, a competition was organised in 
which they had to solve simple challenges linked 
to the concepts associated with each of the 
activities. This communication includes the 
proposal’s design, characteristics and most 
salient results. 

Keywords. hands-on activities, informal 
learning, science competition, motivation. 

1. Introduction 

Interest in science is directly related to explicit 
experience of it, an understanding of it and the 
perception of the influence it has on everyday 
life, progress or improvements in the standard of 
living. This process should start at an early age 
and seek to increase interest in such contents in 
order to foster a vocation for science or 
technology. Since the 2004-2005 academic year, 
the I.E.S. Escolas Proval has held a Science 
Week with these aims [1]. Essentially, the 
activity recreates a small interactive museum 
inside the educational environment (Figure 1) 
with experimental modules related to theoretical 
classroom material [2]. This experience led us to 
organize the annual competition in the 2011-
2012 academic year, which aimed to awaken 
ingenuity and personalize educational 
experiences. The proposal was based on the 
combination of typical school competitions [3] 
and displays in education centres [4]. A series of 
modules were selected as a permanent display 
that allowed students to interact voluntarily at 
any time. As an incentive to use it, a competition 
was devised in which participants had to solve 
simple challenges related to the concepts 

associated with each of the activities in order to 
gain a prize if the challenges were successfully 
met. This communication explains the 
characteristics and the most salient results. 

 

Figure 1. Various images of the I.E.S. Escolas 
Proval Science Week 

2. Science in the corridor 

 

Figure 2. Modules employed for the first annual 
hands-on science competition at I.E.S. Escolas 

Proval 

There is abundant evidence for the advantages of 
involving students in additional activities for 
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inquiry. It is a way of giving full meaning to the 
scientific contents given in the classroom by 
means of experimental tasks that are informal in 
nature. As part of a broader process, a proposal 
for learning using the structure of an annual 
competition was organized at the I.E.S. Escolas 
Proval in Nigrán, Pontevedra, Spain. The clear 
aim was to boost interest and motivation for 
Science and science topics, assuming that young 
learners are receptive to hands-on experiments 
using simple devices. With the experience built 
up over seven previous Science Weeks, it was 
decided to hold a competition that would be 
inclusive, fun and different from other proposals, 
which was based on answering questions related 
to the handling of five interactive modules that 
had been selected and designed to interest pupils 
independently. Each module was located in the 
Centre’s entrance hall for a month at some point 
during the year and provided the chance to learn 
physical concepts in a non-classroom situation at 
break times. Each experimental proposal was 
accompanied by a panel which gave a brief 
presentation of basic operation and then 
proposed questions that required hands-on use of 
the elements making up the system and 
additional bibliography that could be consulted. 
The responses from people taking an interest 
were either posted in a box next to the 
experimental module or sent by email. 
Below the five selected modules are presented, 
showing the introductory text used for them and 
the proposed questions (Figure 2): 
Balances [5,6] 
Presentation:  
Here, you have two sets of scales and three 
weights (two the same and one different). Start 
by using the “simple” scales. Try weighing with 
them by putting a weight on each arm at different 
distances from the centre. What do you observe? 
Then try weighing with the other scales, also by 
putting the weights at different distances from 
the centre of the scales. Note if there is any 
difference between these scales and the first 
ones. 
Questions: 

 To make the simple scales balance, 
with equal weights; do you have to put 
them at an equal distance (more or less) 
from the centre of the arm? 
 To make the other scales balance; do 
the weights have to be the same distance 
from the central axis of the scales? 
 What are the “complicated” scales 

called? 
 Do the “complicated” scales have any 
way to be balanced using the different 
weights? 
 Give a physical explanation of why 
these two scales behave so differently. 

Induced currents [7,8] 
Presentation: 
One pipe is made of plastic, the other of copper. 
The magnet does not attract either the plastic one 
or the copper one. You can check this. 
Drop the magnet down each pipe. 
Questions: 

 Which pipe does the magnet fall 
through faster? 
 Why does it fall faster through one 
than the other? 

Coupled pendulums [9,10] 
Presentations: 
Move all the pendulums together with the aid of 
the bar. Release the bar quickly and observe how 
the pendulums move. 
Questions: 

 Which pendulum takes the longest to 
make one complete oscillation? 
 Which takes the least time? 
 Count the number of complete 
oscillations made by the longest 
pendulum and the number by the next 
one to it. What do you observe? Does the 
same thing happen between each 
pendulum and the next one? Check this 
with several of them. 

Pulley systems [11,12] 
Presentation: Lift the sandbags by pulling on the 
rope with the white handle, starting with the 
pulley on the left. All three sacks weigh the 
same. Notice what the pulleys are like and how 
they have been combined. 
Questions: 

 With the pulley on the left, is the 
force you use to pull on the rope equal 
to, greater than or less than the weight of 
the sack? 
 With the pulley on the right, how 
much force do you use to lift the sack 
compared to its weight: half; a quarter; 
an eighth? 
 So, you will now notice that with the 
pulley in the middle you have to pull the 
rope with less force than the weight of 
the sack. In that case, “who” provides 
the force that is “missing” to lift the 
sack? 
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Galileo Thermometer [13,14] 
Presentation: The apparatus you can see here is a 
thermometer, although it doesn’t look like one. It 
was invented several centuries ago. 
Questions: 

 What is this thermometer called? 
 What temperature is the thermometer 
showing at the moment? 
 How does this thermometer work? 
What is the mechanism? That is to say, 
on what principle of physics or 
chemistry is it based? 

3. Results and conclusions 

About thirty people completed the questions over 
the year during this first event, mainly pupils 
from the 3rd and 4th year of Compulsory 
Secondary Education and the 1st and 2nd year of 
the Baccalaureate. That said, hands-on use of the 
display elements was widespread by teachers, 
other pupils and service staff (Fig. 3). The 
winners received an I.T. prize (a tablet, a touch 
MP5, a digital camera and several flash drives) 
and a certificate. 
 

 

Figure 3. Some pupils handling one of the 
permanent display elements 

All the participants were asked to hand in a 
survey on the activities, which evaluated the 
degree of satisfaction, difficulty, and information 
available for each one on a scale, where 0 was 
none, 5 was medium and 10 was a lot (Fig. 4). In 
general the activity was assessed as useful, the 
level of comprehension was high and they had 

little difficulty in finding information relative to 
the tasks. Finally, they were asked about their 
degree of satisfaction with the activity in general 
and whether they would like it to be held next 
academic year. Using the same scale, the former 
question received an average response of 9.2 and 
the latter an average of 9.4. 

 

 

Figure 4. Results of the survey. a: Did you like 
this experience?; b: Did you find it difficult to 
understand?; c: Did you find it difficult to get 

information about it? 
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Abstract. This article describes one of the 
activities organised by scientists from the 
Faculty of Natural Sciences, Matej Bel 
University Banská Bystrica (SK), that intent to 
promote science to public – a children summer 
camp. 
The summer camp with a title Young scientist 
was held directly in the Faculty building in July 
2012. Children aged from 6 to 15 spent one week 
of their summer vacations at physics, chemistry, 
biology and geography laboratories 
investigating interesting science phenomena. 
The article focuses at the physics programme 
that included themes of sound, motion, electricity 
and magnetism. It was set up with an aim to 
educate as well as to entertain the participants 
through a wide range of hands-on activities: 
attractive demonstrations, „magic” experiments, 
computer-supported experiments, competitions, 
hand-making toys etc. Selected activities that 
have gained the greatest children’s interest and 
engagement are introduced in the article and the 
results of this popularisation activity are 
discussed. 

Keywords. Public science education, 
edutainment, primary and lower secondary 
education, physics experiments, sound, motion, 
electricity and magnetism. 

1. Introduction 

Growing decrease of young people interest to 
study physics and chemistry and become 
teachers of these subjects, which is in 
contradiction with needs of technologically 
developed society, has recfleted in strong efforts 
of educational institutions to promote sciences to 
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Abstract. Baltic Science Festival, held annually 
in Gdańsk, is a non-profit event whose main goal 
is to popularise science among the inhabitants of 
the region in the attractive and comprehensible 
form. The event is addressed primarily to young 
people - the students of primary and secondary 
schools. The chemistry workshops, organised by 
the students of Faculty of Chemistry, University 
of Gdańsk, are the important element of the 
Festival. During the workshops, the visiting 
students have unique opportunity to explore the 
impact on chemistry on the environment by 
themselves. High popularity of the workshops 
may affect the general attitude of young people 
towards chemistry (and science in general) and 
hopefully attract some of them to studying 
natural sciences in the future. 

Keywords. Baltic Science Festival, chemistry 
workshops, popularisation of chemistry 

1. Introduction 

Educated society is the foundation of the well-
being and development of contemporary world. 
Education is one of the most important areas in 
politics of European Union [1,2]. In particular, 
the role of science, research and technology 
development in maintaining and improving the 
standards of everyday life should be well known 
and understood. Unfortunately, this is not always 
the case. The most prominent example is the 
unfavourable image of chemistry, which is 
commonly associated with rather negative 
aspects of human activity: pollution of the 
environment, synthetic food additives, dangerous 
chemicals in the household, etc. Chemistry is not 
popular among the school students too – the 
recent survey [3] revealed that most of them 
regard chemistry as difficult and boring, and that 

they are generally not interested in studying 
chemistry at the university in the future. 
Popularisation of chemistry may change these 
common opinions. It should be directed to the 
possibly broad range of ages and professions. 
School students, to satisfy child's natural 
curiosity, to show that chemistry is neither 
boring nor difficult, that exploring chemistry can 
be a fascinating activity. Adults, to overcome 
stereotypes embedded by media and 
advertisements, to provoke intellectual reflection 
how chemistry affects the surrounding world and 
everyday life. Seniors, to offer them opportunity 
to spend free time on broadening their horizons. 
Even scientists, non-chemists, to inspire new 
angles of their research. 

2. Baltic Science Festival 

Seeing the importance of popularizing science, 
the universities from the Gdańsk region, together 
with other academic and cultural institutions, 
organise every year an event called Baltic 
Science Festival. The main goal of the Festival is 
to popularise science among the inhabitants of 
the region in attractive and comprehensible form, 
to show the most spectacular scientific 
achievements and to demonstrate the role of 
science in the development of the society. The 
Festival is a non-profit event and attracts every 
year crowds of visitors from Gdańsk area. 
Though everybody can participate, the Festival is 
addressed primarily to young people - the 
students of primary and secondary schools, even 
the preschoolers. For them, it is a good 
opportunity to broaden their interests that may 
decide about the direction of their education 
choices in the future.  

3. Chemistry workshops 

Chemistry workshops, organised by the students 
and lecturers of Faculty of Chemistry, University 
of Gdańsk, are the important element of the 
Festival. Particularly, the students trained to be 
future chemistry teachers are actively engaged in 
preparing and running the workshops. The 
participants, generally students of secondary 
schools, have no experience to work by 
themselves in the chemical laboratory, so they 
first get familiar with the properties and safe 
handling of chemicals. The safety to own health 
and to the health of other people working in the 
laboratory, as well as the concern about the 
environmental impact of the chemicals are 
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stressed at this point. Students run the 
experiments by themselves, working in small 
groups (two or three persons) under the 
supervision of trained leaders from the 
university. The leader's role is to introduce 
students to the problem and then to guide them 
through the activity by asking questions, 
encouraging discussion and formulation of 
hypotheses, indicating relevant pieces of 
information. Every idea of participants is paid 
due attention, discussed and commented on. The 
important part of the workshop is the 
presentation of the results and discussion on the 
conclusions.  
Thematically, the workshops are divided to 
several stands: 

- "Soil". Students measure the pH of the 
samples of soil, then study the effect of acid 
rain and liming of soil. They prepare a model 
of sand filter that illustrates self-purification 
of sewage waste passing through the layers of 
soil. 
- "Air". Students compare the behaviour of 
air and carbon dioxide on heating, drawing 
conclusions about the role of CO2 in global 
warming.  
- "You can care about the environment 
every day". Students measure and calculate 
the amount and cost of water coming out 
from a leaking tap. They compare the 
cleaning effects of table salt, sand and 
chemical detergents on washing dishes. They 
prepare a sample of biodegradable polymer, 
this way learning about more environment-
friendly packaging materials. 

The stands are equipped with posters, explaining 
the problems in details and containing many 
other interesting information on the subject. 
Completing the activity at every stand, students 
take part in a competition, where prizes are also 
of environment-friendly character: natural wood 
pencils, notebooks from the recycled paper, 
sweets with no colorants and preservatives 
added. 

4. Conclusions 

Invariable popularity of the workshops and 
positive opinions expressed by the participants in 
questionnaires indicate that they have become 
the important element of the Baltic Science 
Festival, adding to the popularization of science 
among the inhabitants of Gdańsk region. 
Organisers of the workshop hope that due to the 
attractive character of the proposed activities, the 

negative image of chemistry will gradually 
change and that more young people will decide 
to study chemistry in the future. 

 

 

 

School students at chemistry workshops an 
Baltic Science Festival 2012 
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Abstract. Three years ago the Science Fair 
“Hands-on Science” was established with focus 
on upper basic and high school levels. In April 
2013 the third edition of the hands-on science 
network science fair was organized, in Viana do 
Castelo, Portugal. For the first time, the science 
fair was organized within a school, with the 
participation of students as the staff. The fair 
took also place in a different city, smaller and 
with a lesser number of schools in the region.  
In this communication we intend to show the 
evolution experienced in organizing this event 
over the last three years. Replies to 
questionnaires prepared for both students and 
teachers allowed us to assess our initiative and 
draw conclusion that will be presented herein. 
We will review how the work was carried out in 
different schools. We show how to organize a 
large scale science fair within a school 
environment and suggest methods to include 
these activities in a school daily context. 

Keywords. Hands-on, school organization, 
science fairs. 

1. Introduction 
 
The main role of the schools is training young 
peoples to become active positive individuals 
within societies. This requires a teaching 
approach based on varied and diverse strategies 
in order to enable the acquisition of the required 
knowledge and the development of skills at the 
procedural, conceptual and attitudinal level [1]. 
Despite the curriculum orientations, the lack of 
time, of resources, or even of experience of 
teachers and students, to the teachers is usually 
given the responsibility of regulating the 
strategies they should use at the classroom to 
address all the subjects, goals, methods and 
approaches to data collection, given little or no 
space to the students’ effective intervention. 

Some authors state that this fact could be 
responsible by given students a wrong idea about 
science [2]. If students didn’t learn about science 
and how to do science, the real comprehension 
about the scientific and technological literacy is 
being compromised [3].  
Here arises a great advantage of science fair 
projects, because students are encouraged to 
pursue their own goals and ideas [3]. Therefore, 
they have the opportunity to explore and solve 
problems related with their personal interest and 
also subjects about the world that surround them. 
Usually this allows a relation between science 
and different school subjects or with everyday 
life phenomena [4]. Therefore, students' 
participation is useful to science classes since 
they gain the habit of registering data and taking 
notes, as well as patience and resilience on the 
pursuit of their objectives [5]. They learn and 
statistical data and others forms or organize 
information, such as the use of graphs and tables 
to present their results, use adequate and varied 
literature to help their argumentation, and learn 
the practices of research in science, and a 
widened scientific vocabulary [3]. 

 
 
2. The 3rd Science Fair organization 
 
During the school year of 2010-2011 the first 
edition of the science fair was organized [6]. The 
second edition was in May of 2011-2012 [7]. 
Taking into account the wide acceptance by 
teachers, participating students, and visitors, it 
was decided to continue with the initiative and 
organize the 3rd edition, in April of the current 
year.   
The organization of the fair was made in the 
same way, with two differences: it was organized 
in a different city and the organization was in 
charge of a school, the Colégio do Minho, in 
Viana do Castelo. However, the fair was still 
aimed to students from the 5th to 12th grade 
(aged 10 to 18 years) from regular or 
professional education and was divided into 3 
age categories: 5th and 6th grades, 7th to 9th grades 
and from 10th to 12th grades. 
The main goal was for students to develop a 
scientific project in any field. Several factors 
were evaluated, such as scientific rigor, quality 
of presentation, originality, and 
interdisciplinarity.  
The science fair announcement continues to be 
made at the beginning of the school year by e-
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Our research work on Science Fairs will be 
further continued.  4rd edition will follow the 
same characteristics  
We intend to see if there will be an higher 
compliance by schools, their teachers and 
students, of Viana do Castelo, who now already 
visited our Hands-on Science science fair and 
already understand our objectives and way of 
doing. We will follow with this study trying to 
observe the evolution of the science fair and of 
the opinions of teachers and students and to 
verify if the trends herein reported remains. 
 
7. Conclusions 
 
These three years of HSCI’ science fairs in 
Portugal clearly enabled us to conclude that this 
is an activity welcomed by teachers and students. 
Several of them participate more than once at our 
science fairs or the fact that of all students and 
teachers said that would like to repeat the 
experience. 
We can also conclude that this approach in the 
real sense of science fair projects allow the 
effective development of various valuable skills, 
competencies and knowledge, at a procedural 
conceptual and attitudinal level not only in what 
concerns science education but in the overall. 
That means that it is really possible to use this 
kind of projects to teach concepts or to help 
students to understand them.  
Another important factor on the quality of the 
projects is the time available for their 
development but also the promotion of 
interdisciplinarity. Equally important is the 
social, familiar and scientific relationship that is 
possible to establish when family and friends are 
involved in the dynamic of the science fair 
projects to be developed by the students 
themselves.  
In order for the process to achieve all its 
potential success it is important to make it an 
habit, both to teachers and students as well as the 
school, in order to be possible to develop these 
projects in the classroom for the entire class and 
not only with just some of the students. 
Resilience and dissemination of the success of 
this type of activities is fundamental.  
Finally it was proven that it is interlay possible to 
a small school to organize a national science fair 
as our Hands-on Science one. The involvement 
of older students as part of the science fair 
“staff” was a very interest and motivating idea. 

They gain a major sense of responsibility and all 
of them would like to repeat the experience.  
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Abstract. Experiments and experimental work 
have an essential role in physics education and 
can be used for demonstrations of physical 
phenomena and also as good motivators. The 
experiments could enhance discussion about 
interesting problems and those discussed in this 
paper could be presented in a form of 
problematic tasks, asking students ‘Why’ or 
‘Explain!’ The simplicity of the tools involved in 
the experiments allows students to perform the 
experiments on their own and think about their 
physics origin. The presented ideas document 
also that a lot of interesting experiments are easy 
to do and teachers can use them. 

Keywords. Hands on experiments, Physics 
teaching 

1. Introduction 

“Physics is the future”, assure us physicists and 
physics teachers with conviction. “Physics is out 
of touch with real life and difficult” is a similarly 
determined statement of many students. As 
research results show, students who take physics 
courses during their study and learn about many 
different physical phenomena have a lot of 
difficulties in understanding the physical world. 
Their learning of facts about science remains 
inside classrooms and has little effect on their 
thinking about the larger physical world [1]. Lots 
of concepts to be learned are too complicated, all 
in all, there is not enough time to learn to think in 
terms of physics and to practice what has been 
learned, there are not enough practical exercises, 
etc. As a result of these conditions, many 
students primarily learn physical formulae and 
technical terms without being able to find their 
connection with reality. In many cases physics as 
a school subject has lost much of its inherent 
proximity to nature and environment. To many 
pupils and students physics seems like a dead 
and difficult foreign language, so remote and 

unreal that they cannot realize what it is all 
about. That’s why there is a great effort to use 
methods and ways of teaching that could help in 
deeper understanding of physical phenomena [2]. 
One way of contributing to a higher attraction of 
the subject of physics may be to suggest 
interesting physical problems from real life in 
funny pictorial form [3]. Another possible 
method how to make teaching more interesting is 
a physical experiment. Most students like 
experiments. There are many ways how to 
perform physical experiments in physics 
teaching one of them being simple hands-on 
experiments. 

2. Hands on experiments 

There are plenty of reasons why we should do 
simple hands on physical experiments; the most 
important are following: 

 Experiments play an important role in 
motivation of students – hands-on 
experiments help to discover physics in the 
real world, the world the students live in. It 
is obviously useful and interesting. Simple 
hands-on experiments with their process and 
results are many times surprising for 
students and motivate them to find out the 
causes of the contradiction or strange 
behaviour. 
 They can be performed with simple tools 
– most of simple hands-on experiments are 
able to explain and demonstrate physics 
concepts using items that can be usually 
found in a household. 
 They are not expensive – economic 
difficulties of most schools led us to believe 
that simple cost-saving experiments or 
measurements are the best solution for 
them. 
 They can be done by students 
themselves – students don’t need any 
special equipment, not even a laboratory, 
they can explain an application or a 
fundamental principle of physics using 
everyday items and do these experiments at 
home. 
 They enable active learning – simple 
hands-on experiments provide students with 
an opportunity to form their own questions, 
create hypotheses, their own theories to 
explain results of the experiments they have 
done. They get a chance to explain physical 
phenomena in the world around them. 
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3. Examples of the hands-on experiments 

Several simple experiments can utilize the plastic 
packages that serve as wrapping shells for toys 
sold in “Kinder Surprise” eggs. In the following 
paragraphs we will refer to these packages 
simply as kinder eggs.  

3.1. Mysterious egg 

A thin thread or silicon wire is thread through a 
kinder egg (a small plastic egg consisting of two 
parts) with a steel ball mounted on one end and a 
wooden ball placed on the other one. Hang the 
system in a vertical position keeping the steel 
ball in a hand. We can observe that the egg slides 
down the thread into the proximity of the 
wooden ball. 

 

Figure 1. Mysterious egg 

Repeat the experiment changing the position of 
the balls, so that the steel ball is on the upper side 
of the thread and we are keeping the sling 
holding the wooden ball in a hand. We perceive 
in this case that the egg is not moving down but 
stays in a stable position on the wire. (Fig.1) 
What is trapped inside the egg?  
There is a thin plastic tube with the thread 
passing through. If the light wooden ball is at the 
bottom, the thread is not stretched and there is no 
friction between the thread and the tube; thus the 
egg can move easily. If we turn the whole system 
and the steel ball is at the bottom end, in this case 
the thread is stretched and pulled to the tube 

which significantly increases the friction until the 
moment at which the egg is not moving any 
more. It is necessary to remark that a similar 
effect could be obtained in different ways and it 
is not a bad idea to ask the students to discover 
them and create the same system in which the 
described egg’s behaviour is realized differently. 

3.2. Against the tide 

Take a long transparent pipe closed on one end, 
whose diameter is not much larger than the 
diameter of a kinder egg. Let the egg fall inside, 
to the bottom of the pipe. When water is added 
inside the tube, the egg goes up. Fill the whole 
tube with water, close it and turn it afterwards. 
Holding the tube in an upside-down position, we 
observe that the water is flowing away whereas 
the egg is not moving in the same way but floats 
against the flow. How can we explain the egg’s 
behaviour? (Fig.2) 
 

 

Figure 2. Against the tide 

To explain it, we have to consider that there is 
buoyant force acting both in the air and in the 
water which comes into play when the tube is 
turned. The lower edge of the egg is positioned 
in the air so the pressure at this point is equal to 
the normal atmospheric pressure. The pressure at 
the upper edge is decreased by the pressure ρhg, 
where h is the height of the water column around 
the egg and ρ is the density of the liquid. If we 
consider the egg to be a cylinder with S being the 
base area and H the height, the resulting 
condition for the egg flowing up is written as 
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, where ρk is the average density 
of the egg. Assuming the H is equal to h, the side 
walls of the egg are fully immersed in the liquid; 
as long as the ρk is smaller than ρ, which is 
fulfilled in our case. As a consequence, the egg 
flows up in the liquid. 

3.3. The egg turning upside-down 

A two-coloured kinder egg is perforated on both 
its sides and hung on an iron wire which is 
threaded in the middle. Keeping the wire in the 
hand, we examine carefully which side of the 
egg is upward in the air. After deflecting the egg 
from the balanced position, it stabilizes in the 
same position as before. Immersing the egg in a 
liquid afterwards, the water penetrates inside 
which leads to turning the egg upside down - the 
side of the other colour is up now. After picking 
the egg out from the liquid, the water starts to 
flow away and egg returns to its equilibrium 
position finally. What causes such behaviour of 
the kinder egg? (Fig.3) 
 

 

Figure 3. The egg turning upside-down 

The egg is in the equilibrium position in the air 
so its centre of gravity is placed under the axis of 
rotation, passing through the pivot. Thus when 
deflecting the egg from its equilibrium position 
the momentum of the gravitational force with 
respect to the rotational axis causes it to return to 
the original position. If we want to move the 
egg’s centre of gravity it is necessary to hang 
some object in the upper part of the egg. 
Immersing the egg in a liquid, it starts to be filled 
with water (the escaping bubbles of air prove 
that) which causes the equilibrium position to 
become unbalanced and the egg turns on its side. 
Putting the egg into the water, the buoyant force 
starts to act at the centre of gravity of the 
immersed part. Thus to turn the egg, the point of 

application of the buoyant force has to be under 
the axis of rotation and additionally, the 
momentum of rotation arising from this force has 
to be higher than the momentum of rotation 
caused by the gravitational force. Because of that 
we have to hang some object into the lower part 
of the egg whose average density is smaller than 
the density of water, such as a piece of 
polystyrene. If this piece is moving in the liquid, 
it prevents the egg from turning around. [4] 

 

Figure 4. Does carbon dioxide weigh less than 
air? 

3.4. Does carbon dioxide weigh less than 
air? 

First we inflate a balloon several times to make it 
expand. Then we pour a small amount of vinegar 
into a flask. We put some baking soda (sodium 
bicarbonate) into the balloon, pull the balloon 
neck over the flask neck and fix it firmly using a 
thread or a rubber band. We make sure to prevent 
any of the baking soda from falling into the flask. 
Then we place the flask on the scales, balance 
them and lock them. Now we let the baking soda 
fall into the vinegar and shake the flask to make 
the vinegar and soda mix. We wait until the 
turbulent effervescence is over and then we 
unlock the scales. The balance has broken, the 
pan with the flask and the inflated balloon lifts 
up as if the balloon was filled with a gas lighter 
than air. The force acting on the pan is now 
lower than before. As a result of the chemical 
reaction that takes place after mixing the vinegar 
with soda, carbon dioxide is produced causing 
inflation of the balloon. Since the volume of the 
balloon has increased, the aerostatic buoyant 
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force acting on the balloon has increased, too. 
However, the total weight of the flask with the 
balloon has not changed. The buoyant force is 
oriented vertically upwards, therefore the 
resulting force acting on the pan with the flask 
and the inflated balloon vertically downwards is 
lower than before. (Fig.4). 

3.5. How to create a rainbow? 

To carry out the experiment we will need: 4 
transparent glasses, water, food colours – yellow, 
green, red and blue, a transparent straw and salt. 
We put the four glasses filled with water of 
different colours – blue, red, yellow and green 
(colours for painting eggs can also be used for 
the purpose) on a table. Then we submerge the 
transparent straw into the glasses one by one. 
First we submerge the straw circa 2 cm into the 
glass with blue-coloured water. We close the top 
opening of the straw with a finger, take it out of 
the glass with blue water and move it on to the 
red water one. Once again we submerge the 
straw circa 2 cm deep into the glass, then we 
release the finger, submerge the straw 2 cm 
deeper and close it with the finger again. We ask 
the pupils: What colour the water in the straw 
will be after it is taken out of the glass? Since the 
pupils are familiar with colour mixing they 
expect the resulting colour to be purple. To their 
surprise, after the straw is taken out of the glass, 
they can see a column of blue colour on top of a 
red colour one, which means that the colours 
don’t mix. If we continue with the experiment in 
the described way, i.e. if we gradually submerge 
the straw into the yellow and the green colour, 
we will end up with a four-colour rainbow – the 
columns of coloured water won’t mix. (Fig.5)  
The pupils have to solve a problem task: how to 
explain that the liquids didn’t mix? During 
a problem-solving discussion we can let them 
perform another experiment, in which they will – 
following the procedure described above – first 
submerge the straw into oil and afterwards into 
water. This experiment shall guide them to a 
solution that the coloured water in the glasses 
must have different density. Then we will ask 
them the next question: How could we easily 
carry it out?  
As an aid we can use yet another experiment, 
namely the one that shows that the same egg can 
behave differently in two seemingly same 
liquids. In one of the liquids the egg sinks, in the 
other it floats. Most pupils are usually familiar 
with this experiment and they know that the 

different behaviour is caused by salt added to the 
water. This way we can together with the pupils 
come to an explanation of the original 
experiment that coloured water in the glasses has 
different density, which can be achieved by 
adding salt. The least amount of salt, one spoon, 
is added to the glass with blue-coloured water 
and to each of the remaining glasses we add one 
spoon more, i.e. to the glass with green-coloured 
water we add four spoons of salt. The experiment 
is suitable for verification of a correct 
understanding of the density of liquids. At its end 
we can ask one more question: What will happen 
if we turn the straw upside down? The pupils 
should be able to respond correctly that the 
colours will mix and the water will be dark-
brownish or blackish. [5] 

 

Figure 5. How to create a rainbow 

3.6. Dangerous bottle 

We present to pupils a casually looking closed 
bottle filled with water that is covered with 
caution signs like: “Do not open!”, 
“Dangerous!”, etc. We ask a courageous 
volunteer to open it. To everybody’s surprise, 
after the cap of the bottle is removed, the bottle 
starts squirting. From the result of the experiment 
it is evident that there are holes in the bottom 
part of the bottle. The task for pupils is to explain 
why the water doesn’t squirt nor even leak out 
while the bottle is closed. In order to help them 
find the correct explanation we can perform 
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another experiment. We show to the pupils a 
vessel (e.g. a coffee can) with several holes in its 
bottom. Then we fill the vessel with water by 
submerging it into a bigger one (e.g. an 
aquarium). It is natural that when we lift the 
vessel filled with water out of the aquarium, the 
water starts flowing out. Then we fill the vessel 
with water again and close it hermetically with a 
lid that we hold firmly at the vessel by a thumb. 
When we lift the vessel now, no water leaks out.  

 

Figure 6. Weightless condition in a plastic bottle 

When we put the finger away from the lid, water 
starts flowing out. When we put the finger to the 
lid again, the water stops leaking shortly 
afterwards. If the pupils don’t find an 
explanation, we let them examine the vessel’s 
lid. They will find out that in the middle of the 
lid there is a small hole made by a needle that we 
cover and uncover during the experiment by the 
thumb. After this finding the pupils are usually 
able to correctly explain the experiment, i.e. that 
the behaviour of the can is caused by the 
atmospheric pressure of the air. When the hole in 
the lid is covered, the atmospheric pressure acts 
on the holes in the bottom of the vessel and 
prevents the water from flowing out. When we 
uncover the hole in the lid, air gets into the 
vessel and the pressure acting on the liquid from 
both the top and the bottom side is approximately 
the same – it is the atmospheric pressure. When 

we cover the hole in the lid with a finger, the 
atmospheric pressure acts only on the bottom 
side of the vessel and as the water flows out of 
the vessel the pressure of the air inside decreases 
– underpressure is created. When the difference 
between the atmospheric air pressure and the 
pressure of the air inside the vessel reaches the 
value of the hydrostatic pressure of the liquid in 
the vessel, the liquid stops flowing out of the 
vessel.  
In the same way we can explain the behaviour of 
the “dangerous bottle”. While the bottle is 
closed, the pressure inside and outside is 
different. The outside pressure is higher than the 
pressure of the air inside the bottle. The 
difference between the atmospheric pressure and 
the pressure inside the bottle prevents the water 
from flowing out. However, once we open the 
bottle, the pressure inside and outside the bottle 
becomes equal and the water starts flowing out 
of the bottle as a result of the hydrostatic 
pressure of water. [5]. 

3.7. Weightless condition in a plastic bottle 

The term “weightless condition” is mentioned 
within basic-school physics e.g. in the subject 
matter about astronomy. Pupils sometimes ask 
why objects in satellites “float” freely. Can we 
put bodies to a weightless condition in a 
laboratory? [6] The solution proposed by us is 
easy to perform and sufficiently explanatory, too. 
We put a small balloon, a so-called water bomb, 
partially filled with water inside a bigger plastic 
bottle. We inflate the balloon in the bottle 
slightly and then we tie it to a rubber thread. It is 
useful to test the length of the thread in advance 
so that it is stretched by the weight of the balloon 
neither too tightly nor too loosely. We fix the 
other end of the thread to the neck of the bottle 
and close it with a cover. We let the bottle 
prepared in this way fall from a certain height by 
a free fall to a soft pad. Pupils observe the 
movement of the balloon inside the bottle during 
the fall and together with them we can come to 
its explanation. After the system is released it 
moves by a free fall and therefore is in a 
weightless condition. The balloon is subject only 
to elasticity forces, the rubber band ceases to be 
stretched and the balloon moves to the middle of 
the bottle. (Fig.6) Nowadays there is no problem 
for pupils to extend the observation by recording 
a video, e.g. using a mobile phone. 
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4. Conclusion 

The presented ideas document that a lot of 
interesting experiments are easy to do and we 
believe that teachers will use them not only for 
diversification of their class-works, but also as an 
inspiration for improvement of their own 
experiments. 
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“KATTAN SCIENCE SNACKS”: 
SMALL EDUCATIONAL 

SCIENCE EXPERIMENTS TO 
POPULARIZE SCIENCE AMONG 

THE PALESTINIAN SOCIETY 

Bisan KM Battrawi 
bisan@science.qattanfoundation.org 

 
Abstract. This presentation discusses the role 
of informal science in raising interest in science 
where an informal science learning activity 
called ‘Kattan Science Snacks’ is highlighted. 
The ‘Kattan Science Snacks’ are organized by 
the Walid and Helen Kattan Science Education 
Project (of the Qattan Center for Educational 
Research and Development) – Ramallah, 
Palestine, as part of the informal science 
program of the project. The activity was inspired 
by the Exploratorium® and the educational 
resources the Exploratorium has published in the 
Exploratorium Science Snackbook© 2009. The 
‘Kattan Science Snacks’ activities are events in 
which people from the Palestinian society are 
invited to interact and experiment small and 
simple science experiments, in an attempt to 
raise the society's interest in and familiarity with 
science. The ‘Kattan Science Snacks’ are 
targeted at the Palestinian families; and are 
simple, easy-to-do-at home, fun and 
informational experiments. Moreover, the 
activity itself is organized by students who are 
invited to the Walid and Helen Kattan Science 
Education Project’s center two to three weeks 
ahead to work with the researchers at the center 
on the experiments, develop conceptual 
knowledge, create informational brochures, and 
engage in science. On the day of the activity, the 
students are available for the audience as 
“assistants” to assist them when needed. 
The ‘Kattan Science Snacks’ have witnessed 
tremendous attention from the society as they 
provide both a learning venue about science, and 
a fun experience for the family. Additionally, the 
participant students have expressed the 
importance of such an activity for them 
especially that they are engaged in it from the 
first day of organization to the day of the event. 
A group of students has been inspired by the 
‘Kattan Science Snacks’ experience and decided 
to carry on another ‘Kattan Science Snacks’ 
activity with their own society in a rural part of 
Palestine. 
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The activity presents an example of the strength 
of informal learning activities and their 
importance in raising interest in science. Hands 
on and informal science are important settings to 
raise interest in science; allowing one to 
experience science in an interactive unique way 
without the stress of being graded. Observations 
and interviews with the participant students show 
evidence of leadership among the students and a 
sense of responsibility for communicating 
science to the society. Moreover, observation 
and interviews with the participant families 
demonstrate the effectiveness of such activities in 
popularizing science in the societies. The 
assessment of the activity will provide the 
essential procedures for the initiation of student-
led science community forums in the rural 
Palestinian areas. 

 
 
BRINGING BACK OLD PHYSICS 
& CHEMISTRY INSTRUMENTS 
TO LIFE: FROM SECONDARY 
SCHOOLS TO THE GENERAL 

PUBLIC 

João Oliveira, Isabel Malaquias 
jabpo@ua.pt 

 
Abstract. The secondary school evolved to a 
recognizably European institution as the 
nineteenth century progressed, presenting as 
common characteristics to be public, secular and 
run by the state or by local authorities. At the 
same time a lot of what was inherited from early 
humanistic colleges was still visible, reflecting 
the classical culture. Around 1840s, several 
countries tried the development of modern 
alternatives to classical education, introducing 
the scientific studies.  
By 1836, Portugal was facing conditions to 
institutionalize the secondary school system, the 
so called “Ensino liceal” (Lyceum), fixing a set 
of disciplines, the distribution of secondary 
schools throughout the country, their 
organization, etc. A novelty was the creation of 
new disciplines as “Physics, Chemistry, and 
Mechanics applied to arts and crafts” (the 7th 
discipline), and the 8th, “Natural History for the 
three Nature kingdoms applied to arts and 
crafts”. 

The first Lyceu was created in Lisbon in 1839, by 
1844 three were already functioning and by 1848 
eleven others were created in the country, 
including the islands (Azores and Madeira). The 
implementation was not smooth all along the 
century as several times the gap between the 
legislator and the concrete capability of 
attaining a functional modern institution was 
present. However, the seeds were sprouting, 
namely with the creation of laboratories and 
instruments acquisition.  
During a project (POCI/CED/60998/2004) 
started in 2004 called “Old scientific instruments 
in the teaching and popularization of Physics” 
that lasted three years, we could find some 
remaining of those old instruments scattered 
throughout the schools, that testifies the early 
teaching/learning of Physics and Chemistry.  
Some outcomes of this project were connected 
with their popularizing in the society, in 
particular: 
1 – A public exhibit of some of the most 
prominent instruments that lasted a month. 
2 – An internet site (http://baudafisica.web.ua.pt) 
where there is a repository of these instruments 
that can be searched by scientific area, school or 
instrument. For each one there is an image and 
description.  
3 – A database that feeds the site as the 
information is inserted there. 
In the present communication we will follow 
three guiding directions to present some 
instruments used to learn how we can deal with a 
bicycle air pump and how can we relate it with 
water pumps, fire pumps or even Hero’s 
fountain; how can we locate ourselves in the 
universe and attend the observation of eclipses, 
with some orreries; or even to discuss the 
chemical elements that can exist in the sun or 
stars, or simply in a candle’s flame. 
The beauty of many of these devices, and their 
rediscovery in the context of didactic and 
heritage potentialities makes possible the 
general public interest about concepts and 
practical applications not only of Physics but 
also of Chemistry with a renovated look at old 
didactic instruments that frequently present 
themselves as practically open boxes to our 
curiosity.
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FIGHTING SCIENTIFIC 
ILLITERACY IN PORTUGAL 

FROM MID XVIII CENTURY TO 
MID XX CENTURY: A FEW 

MEANINGFUL ATTEMPTS TO 
SPREAD SCIENTIFIC 

KNOWLEDGE OUTSIDE THE 
PUBLIC SCHOOL 

Maria Teresa S.R. Gomes, 
João A.B.P. Oliveira 

mtgomes@ua.pt 
 

Abstract. The Portuguese present day primary 
and secondary school system dates back to the 
XII century, and started at the monastery 
monasteries of Coimbra and XIII century at the 
monastery of Alcobaça. Since then, it has been 
under the wing of the church, until 1836, when 
the public secondary educational system, the so 
called “Ensino liceal” (Lyceum) was created. 
Although these were public schools, the number 
of students was very low: remaining around 
3000 since 1836 till the twentieth century. 
Among the main disciplines taught, the 7th 
(Physics, Chemistry, and Mechanics applied to 
arts and crafts) and the 8th (Natural History for 
the three Nature kingdoms applied to arts and 
crafts), showed a genuine interest to teach 
applied science. However even after sixty four 
years of public school, in 1910, there were only 
24 schools and about 8500 students for a total 
population of 6000000, and the illiteracy rate for 
basic reading and writing was 75.1 %, with a 
much higher scientific illiteracy rate. 
Although few, there are some examples of 
conveying the scientific knowledge to the general 
public. We just want to recall three striking ones. 
The first is the so called “Philosophical 
Recreation, or a Dialog about Natural 
Philosophy for the instruction of Curious People 
who did not have the chance to attend school” 
written by a Priest (Teodoro de Almeida) in ten 
volumes published between 1751 and 1800. The 
second one is a collection of 237 books, the so 
called “Library for People and Schools” 
published between 1881 and 1913, in Portugal 
and Brazil simultaneously, every fortnight. Each 
volume had 64 pages, and the subjects ranged 
from chemistry to fencing. The last one is a 
collection of 106 books, the “Cosmos library”, 
published between 1941 and 1948. It was divided 

into seven sections with very diverse subjects 
from “Sciences and Techniques” (first Section) 
to “Present Day Problems” (seventh Section). 

 

THE PUBLIC 
COMMUNICATION OF SCIENCE 

IN GRADUATE PROGRAMS IN 
PUBLIC HEALTH IN BRAZIL: A 

PERSPECTIVE OF 
COORDINATORS  

Carlos Antonio Teixeira, 
Paulo Rogério Gallo 

carlostx.br@gmail.com 
 

Abstract. Introduction - The public 
communication of science integrates the concept 
of scientific culture and is related to the context 
of modern knowledge societies. These societies 
recommend that public policies for science and 
technology include the wider society in the 
processes of decisions, hence the importance of 
sharing scientific knowledge generated in the 
university graduate programs, with the 
population. Objectives - To describe and 
characterize conceptions that coordinators of 
graduate programs in public health in Brazil 
have about public communication of science. 
Methods - This is the report of an exploratory 
research that has analytical and descriptive 
characters. The approach is mostly qualitative, 
with quantitative measurements. The study was 
approved by the Research Ethics Committee of 
the Faculty of Public Health of Universidade de 
São Paulo and obtained Informed Consent from 
the participants. The categories were 
transformed into variables that allowed the data 
processing by the software Classification 
Hiérarchique Classificatoire et Cohésitive 
(CHIC®). Results - The conception of public 
communication of science by coordinators of 
graduate programs in public health in Brazil is 
not unanimous. Some coordinators understand it 
as scientific difusion featuring a communication 
directed both to the scientific community and to 
society in general however without language 
distinction. Most of them understand public 
communication as scientific dissemination that 
characterizes the communication directed to 
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pairs in the scientific field. Few of the 
coordinators conceive it as communication 
directed to society in general, which must be 
operated with an appropriate language code, 
which represents both a commitment and a 
challenge for the teacher-researcher. Conclusion 
- The notion of public communication of science 
as a social right is not explicitly present in the 
narrative of the coordinators of graduate 
programs in public health in Brazil, although in 
general the coordinators conceive it as a 
relevant activity. 

 

INQUIRY ACTIVITIES IN STEEL 
PARK 

Mária Nováková, Marián Kireš 
marian.kires@upjs.sk 

 
Abstract. With the intention to popularize 
natural and technical sciences among the young, 
a project – Steelpark – Creative Factory, was 
created. There, the visitors can explore and learn 
easily about various physical phenomena and 
their properties, or observe the reactions of 
various materials. The originator of the idea of 
the project is a steel company – U.S.Steel, which 
is also a guarantor of this exposition. The 
preparation of interactive exhibits lies on the 
cooperation of the Technical University of 
Košice, Pavol Jozef Šafárik University in Košice, 
Slovak Academy of Sciences in Košice and on a 
team of other diligent people. The Pavol Jozef 
Šafárik University in Košice is in charge of 10 
exhibits which deal with magnetism. There is a 
stands, within the Science fair, which will be a 
part of the Steelpark exhibition. As an example, 
the exhibit of falling magnets can be mentioned. 
It demonstrates the interaction of a magnetic 
field and a metallic material on the principle of 
electromagnetic induction. Magnetic springs 
support creative thinking and searching for new 
uses of a classical principle of a spring, e.g. in 
transcribers and shock absorbers in cars. A 
magnetic field is made visible in a jar with 
glycerine and iron dust. Magnets will be put into 
tubes and iron dust will adapt into the shape of 
magnetic lines of force. As a result, visitors of a 
black magnetic room will be able to determine 
the position of the magnets hidden under 
magnetic needles. Gauss gun – a magnetic 

accelerator is another exhibit which is attractive 
thanks to its resulting effect – catapulting of a 
small ball. 

 

ENGAGING PARENTS 
INVOLVED IN THEIR 

CHILDREN'S LEARNING 
THROUGH HANDS-ON SCIENCE 

ACTIVITIES 

Yi-Ting Cheng, Huey-Por Chang, 
Wen-Yu Chang 

tonia0213@gmail.com 
 

Abstract. The last two decades have seen 
growing importance placed on research in 
parental participation in their children’s 
science learning. Family does play a very 
important part in children’s learning. 
Science education ought to begin at home, 
reinforcing parents’ science knowledge as 
well as helping the children to learn. 
However, to date, there has been relatively 
little work conducted on this topic in Taiwan. 
To emphasize this point, the purpose of this 
study was to evaluate the influence in the 
Parental Involvement project by developing 
or revising hands-on science activities for 
family and having parents and kids work 
together at home with hands-on, inquiry 
science activities. 
The project began in September 2011, when a 
parental science learning group was set up in a 
Taiwan elementary school. 12 volunteer parents of 
first, second and third graders took part in this study. 
A two-phase study was designed to achieve these 
objectives. Phase I, the study was set up a parental 
science group. A group meeting of 2 hours’ duration 
was arranged biweekly. The participants were asked 
to read and discuss different kinds of science books 
(such as popular science books for kids or hands-on 
science activity books). They were also asked to do 
hands-on activities and revised the activity for their 
kids. Following meeting, 2-3 participants were 
selected to interview for approximately half an hour 
about their views about science, science learning, and 
hands-on science activities. Phase II, after each group 
meeting, participants were asked to do hands-on 
science activities with their kids at home and give 
suggestion to revise the activities. The data collection 
sessions were conducted individually and were video 
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recorded for later coding and analysis. Field-notes, 
questionnaires, worksheets, and artifacts were also 
collected to supplement the findings of study. Data 
analysis for each family science activity consisted of 
utilizing and categorizing the data collected during 30 
videotaping averaging 1 hour each. 
During the three semesters (one and half years) in 
participation, participants had had 30 meetings and 
completed 30 parent-child hands-on science activities 
at home. 15 hands-on science activities for family 
were developed or revised by parents. The results 
revealed parents appreciated the importance of 
hands-on learning in science and understood the 
importance of family involvement in children’s 
science learning. Most parents were willing to learn 
from hands-on science activities with their children at 
home, they also would revise the activities for their 
children’s need. Moreover, through parents’ 
participation, they would find that they are capable of 
assisting their children in learning science. Parents 
would enhance their confidence and their attitude and 
knowledge of science at the same time. In summary, 
this study enhanced parents' understanding of 
scientific learning, increased science interaction 
between parents and children, and created a more 
active learning and inquiry science environment in 
the family. The article concludes with implications for 
theory, research, and practice. 

 

BIOCIENTISTAS DE PALMO E 
MEIO - HANDS-ON SCIENCE 

FOR PRE-SCHOOLERS AT THE 
DEPARTMENT OF BIOLOGY OF 

UNIVERSITY OF MINHO 

Cristina Almeida Aguiar, 
Maria Judite Almeida, 

Maria Teresa Almeida, Andreia Gomes, 
Sandra Paiva 

d1667@bio.uminho.pt 
 

Abstract. In May 2008, in response to a 
specific request from a pre-school teaching 
institution, the Department of Biology of 
University of Minho opened its doors to children 
aged 4-5 years old, curious to meet scientists, 
their work and the laboratories (Mendes & 
Aguiar, 2011). Such interest and request were in 
line with the institution pedagogic project, aimed 
to know and to explore different professions and 
professional contexts. In this particular case, 
children wished to visit a research laboratory 

and meet scientists and researchers. To welcome 
the children, the Department of Biology 
organized a MiniLaboratory where they could 
observe, experiment and participate in small 
scientific demonstrations within the scope of 
Microbiology, Botany, Animal Physiology and 
Genetics. 
The initiative was so successful that it has 
become part of the Department of Biology 
regular offer in terms of experimental activities 
to the community, specifically for pre-schoolers, 
as it was considered a great way to "seed" the 
spirit and scientific curiosity in children. The 
program, named BioCientistas de Palmo e Meio, 
was recognized and cherished by the “Ciência 
Viva” National Agency. It now runs every year 
for three consecutive mornings, during which a 
total of nine classes of children are hosted. In the 
aftermath of the visit, children and their 
educators are challenged to produce individual 
and group records of their experience, creating 
drawings and/or other plastic art. The works are 
ultimately exposed to the general public in a 
public Library, for 2 to 4 weeks in June, after 
which the best individual and collective works of 
each age group are awarded a prize in a public 
ceremony. Currently this initiative is part of 
“Festa da Ciência”, an event of the university 
School of Sciences that opens its doors to the 
civil society usually a week in May. 
This communication aims to present the 
BioCientistas de Palmo e Meio project and its 
success among children, educators and parents, 
as well as to stress its importance in promoting 
scientific curiosity and knowledge. Science 
education is a major challenge in the context of 
promoting scientific literacy of citizens: it must 
contribute to the promotion of an informed, 
critical and committed citizenship. And this 
education should start as early as possible, to 
children in preschool, awakening them to critical 
observation of the surrounded environment and 
the scientific thought. According to Fiolhais 
(2011), the most effective way to wake up 
children and young to science seems to be 
through experimental activities, which in turn 
should be provided as soon as possible. A child 
who blooms to science does not necessarily have 
to be a scientist, but will certainly grow and 
become a more informed and aware citizen in the 
world. 
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SCIENCE TEACHER TRAINING 
AT THE DEPARTMENT OF 

PHYSICS EDUCATION, MFF UK 
IN PRAGUE  

Dana Mandíková, Jitka Houfková, 
Zdeněk Drozd 

Charles University in Prague, Faculty of 
Mathematics and Physics, Department of 

Physics Education, Czech Republic 
dana.mandikova@mff.cuni.cz, 
jitka.houfkova@mff.cuni.cz, 
zdenek.drozd@mff.cuni.cz 

Abstract. The Department of Physics 
Education, Faculty of Mathematics and Physics, 
Charles University in Prague, offers a lot of 
activities designed to promote physics education 
to pre-service and in-service teachers as well as 
to students of different types of schools. The 
contribution gives information about selected 
activities that cover wide spectra of topics that 
can be presented to pupils and students from pre-
school to university levels.  
The authors will introduce courses for pre-
school children and teachers, for future primary 
and future secondary school teachers, 
demonstration sets of experiments for secondary 
school students and their teachers. The activities 
mentioned are developed and tested at the 
Department of Physics Education using 
immediate and long term feedback reflecting the 
needs of teachers and students. 
The practical examples of one of these activities 
– courses for pre-service primary school 
teachers – will be presented in workshop 
“Experiments in Science at Primary School”. 

Keywords. In-service Courses, Physics 
Education, Physics Experiments, Pre-service 
Courses  

1. Introduction 

The Department of Physics Education, Faculty of 
Mathematics and Physics, Charles University in 
Prague, offers a lot of activities designed to 
promote physics education to pre-service and in-
service teachers as well as to students of different 
types of schools. 
An introduction of four activities that we 
consider to be most important is given in this 
contribution. Several examples of Seminars for 

in-service teachers training will be mentioned, 
the activities for pre-service teachers 
Experiments in Science at Primary School were 
chosen, as an example of activities for high 
school students Experiments for High School 
Students and Physics Interactive Laboratory are 
described and at last Courses for pre-schools are 
introduced. 
The activities mentioned are developed and 
tested at the Department of Physics Education 
using immediate and long term feedback 
reflecting the needs of teachers and students. 

2. Seminars for in-service teachers 
training 

The Seminars for in-service teachers training 
organised by Department of Physics Education, 
are aimed on low cost and hands-on experiments 
and sharing of teaching ideas and creating of 
teachers’ networks. 

 

Figure 1. In-service teachers build electronic kit 

Teachers like to take part in these seminars 
because they are constantly searching for ideas 
for new experiments doable in schools that are 
not sufficiently equipped and they like to share 
their ideas. 
Some seminars bring suggestions to untraditional 
laboratory work or to experiments that can be 
done as homework or projects. 
The seminars are supported by Ministry of 
Education, Czech Republic and the participants 
get certificates of attendance. 

3. Experiments in Science at Primary 
School 

Experiments in Science at Primary School is a 
seminar designed for future primary school 
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teachers, students of Pedagogical Faculty, 
Charles University, Prague. The seminar takes 
135 minutes every week during two semesters. It 
is an example of cooperation between two 
faculties – stuff of Faculty of Mathematics and 
Physics teaches students from Pedagogical 
faculty. 

  
Figure 2. In-service teachers course: 

Physics in kitchen 
 
 

 

Figure 3. In-service teachers course: 
Electromagnetic induction in practice 

Primary school teachers are the first ones in the 
school attendance who introduce pupils to the 
natural science. Thus it is very important to gain 
their interest and to motivate them to future 
studies. Young pupils love to perform 
experiments and they want to know how things 
around them work. Our seminar provides the 
opportunity to familiarize the future teachers 
with experiments from the parts of natural 
science that are taught at primary school and 
gives them an opportunity to try them 

themselves. The emphasis is put on hands-on 
activities of the future teachers and on self-
production of simple teaching aids, as well as on 
correct explanations of shown phenomena and on 
ways how to present them to young pupils. What 
we conceder very important is that the most 
common misconceptions are mentioned and 
discussed, too. 

 

Figure 4. Pre-service teachers 
making periscopes 

 

Figure 5. Pre-service teachers launch 
air rockets 

4. Experiments for High School Students 
and Physics Interactive Laboratory 

The high school teachers with their students from 
Prague and other cities are coming to Faculty of 
Mathematics and Physics to see sets of 
interactive experiments from various physics 
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topics. 

 

Figure 6. Demonstration of historical experiment 
with Magdeburg hemispheres 

The main goals of the Experiments for High 
School Students are to present and explain 
experiments that are usually not shown at school  
(for lack of time or equipment) and to promote 
physics to wide range of students, not only to 
science fans. 

 

Figure 7. Investigation of validity of Archimedes 
law 

The target group are upper secondary school 
students (tenth to thirteenth grade, fifteen to 
nineteen year old). Every year almost seven 
thousand of high school students accompanied 
by approximately fifty teachers come to see the 
programme. Each show takes seventy five 
minutes and three shows are presented every 
week during the school year. 
Six selected parts from high school physics are 
presented: Mechanics, Optics, Electricity and 
Magnetism, Thermal Physics, Acoustics, Waves 
and Oscillations. The content corresponds to 

school curricula and to teachers’ wishes. 
The experiments are performed by teachers and 
doctoral students from the Department of Physics 
Education.  
Though the high school students are encouraged 
to take an active part in the demonstrations of 
experiments and their explanations it is not 
possible for everyone to touch the experiments 
with their own hands. Therefore The Interactive 
Physics Laboratory (IPL) was designed. Other 
reason for building IPL was lack of physics 
equipment of schools science laboratories and 
high cost of modern or more complex school 
apparatus. IPL is very well equipped by various 
sets of these modern apparatus and the visiting 
teachers and students can use them. That is 
probably the only way the high school teachers 
and students can do complex experiments with 
such apparatus even from advanced parts of 
physics. 

 

Figure 8. Measurement of speed of light 

Small groups of high school students, 
approximately sixteen, with their teachers come 
to IPL to do laboratory work under supervision 
of teachers and doctoral students from the 
Department of Physics Education. 
The high school students are split into four 
groups. Each group performs set of experiments 
and conducts measurements and presents the 
results obtained to their class maids. The sets of 
experiments are organised from the easy ones to 
more sophisticated ones and monotopically 
focused. For physics fans and more advanced 
students high levelled experiments are prepared. 
Further processing of obtained data and of 
experiments done in IPL follows at schools after 
the students and their teachers return to their 
classes. Therefore seminars where the teachers 
are trained in advance are part of the IPL 
programme. 

5. Courses for pre-schools 

Young children are very inquiring, they want to 
know how things work and they love to do 
experiments. Therefore it is important to catch 
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Abstract. This paper explored the influence of 
Process Drama –Mantle of the Expert (MoE) on 
Palestinian lower elementary inservice science 
teachers’ understanding of scientific inquiry, and 
their ability to plan and implement integrative, 
investigative and meaningful learning. It also 
explored teachers’ awareness of their new role 
and how it affects the provision of opportunities 
for students to explore and construct meaning of 
science in relation to ethical and social 
responsibilities. Results are generaly in a 
positive direction. Challenges teachers faced 
during the program were revealed. Also a 
general weakness in planning, implementing and 
integrating experiments in the teaching activities 
was also noticed. 

Keywords. Process Drama Mantle of the 
expert, inquiry, integration, learning. 

1. Introduction 

The challenge of teaching science in lower 
elementary classes lies in finding methods that 
will develop the children’s thinking, practical 
skills and cognition, through engaging, creative 
and inquisitive methods. The Palestinian 
Educational System favours a class teacher for 
the lower elementary classes (grades 1 to 4). 
Usually they don’t have science majors. Most 
have either arts or general elementary education 
qualification. Science is taught like every other 
subject matter leaving the children with no real 
scientific empowerment needed to drive their 
future interest in science or raise attention to its 
relation to their lives.  
Most of the teaching is didactic. National text 
books are delivered by the Ministry of education 

(MOE) to teachers as “ready to teach” [24]and 
teachers strictly follow content and activities[22]. 
Children are passive receivers confined to desks 
are arranged in rows to maximize teacher 
control. Student-teacher relationship is strongly 
hierarchical with students expected to follow 
orders. The slogan of integrative learning has 
been flagged shortly after the Palestinians took 
control of their educational system in 1994 with 
the implementation of the Integrated Learning 
Project in 1997. However the rationale of 
integration was not achieved and the integrated 
learning pedagogy was not established [2]. 
The Walid and Helen Kattan Science Education 
Project was launched in 2011 by the Qattan 
Center for Educational Research and 
Development (QCERD) at A. M. Foundation in 
Ramallah – Palesine. The project aims, among its 
targets, at improving the quality of science 
education in Palestine’s schools and effectively 
transmitting its value into the wider society. 
QCERD has a long standing view of educational 
development concentrating on teacher 
empowerment and connected research. It has 
long worked in drama in education. A rich 
experience has been developed over the years 
which was put forward for the benefit of 
WHKSEP. Process drama Mantle of the Expert 
(MoE) has been part of the drama programme at 
QCERD with teacher exchange programmes 
between Palestine and the United Kingdom. 
WHKSEP is currently working through the 
system hoping it would help in achieving the 
project’s aims of improving science teaching and 
learning. 

2. Drama as a learning context 

Education is no more conceived as curricula, 
content and skills but more a creation of a culture 
[14]. Students need to be liberated in school to be 
liberate individuals. They need to express 
opinion, be confident, share responsibility in 
their learning and develop perspectives of use 
and effect of their learning in life. They should 
be prepared for a world more about people who 
are inventive and can use integrative thinking to 
solve problems. They need to develop social 
interactive and collaboration skills, and the 
Socio-scientific knowledge and responsibility 
required in an emerging world of environmental 
literacy. Education has to offer contexts and 
experiences that can provide such a culture.  
Drama has been introduced in education as a 
space that can allow for such an educational 
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culture. Swartz definition [6] provides an insight 
in an educator’s view “Drama is experiential, 
active learning. Through drama, all students-
including those with exceptionalities – can 
improvise action and dialogue using a set of 
teaching strategies that guide them to imagine, 
explore, enact, communicate and reflect upon 
ideas, concepts, and feeling at their own level of 
development” p.60. In drama students and 
teacher could engage in any context; endangered 
animals thriving for the survival of their species, 
environmental expert trying to solve a pollution 
problem or even space explorers isolated in a 
spaceship. In drama time place and character are 
open and can be recreated in imagined real –
world contexts that serve learning purposes. It is 
the imagination that helps in realizing deep 
connections and responsibility [15]. And it is the 
imagination as Eisner [16] believes that 
cultivates a form of thinking leading to new 
creations. Kavanagh, Bartlett and Marshall [18] 
in their research on role of imagination in the 
natural science concluded that imagine is derived 
from perception and observation and has a poetic 
component in which new meaning is generated 
from past experience and observation. In drama 
adults can bring in their experience into the 
children’s imagined world and the children take 
role in adult’s world where they can express their 
experience and observation.  
Drama had different forms in science education. 
It proved to be a successful media for teaching 
science [11]. It also had an effect on student\s 
understanding of the Nature of Science [10][ 4] 
and learning of scientific meaning [23], and 
enabling students to learn science openly [9]. It 
can develop critical thinking [3]. Littledyke [19] 
believes that it can be a powerful teaching 
strategy for enhancing meaningful learning and 
critical understanding which will help learners 
develop into scientifically literate adults sensitive 
for the world they live in and their impact on it. 

3.1 Process Drama Mantle of the Expert 

Process drama is a dynamic teaching 
methodology in which the teacher and the 
students work together to create an imaginary 
dramatic world and work within that world to 
explore a particular problem, situation, theme or 
series of related themes, not for a separate 
audience, but for the benefit of the participants 
themselves [ 8]. It is a student centred process 
orientation in which the process of creation is 
central rather than the shape of an end product.  

Dorothy Heathcote was a pioneer in the field.  
Her views of drama were developed into what is 
known as Process Drama Mantle of the Expert. 
Central to her methodology and philosophy are 
empathy simply defined as putting yourself in 
somebody else’s shoes, role with different role 
registers that in a way control the learning pace 
and direction and drama as a tool to promote 
cross-curriculum learning situations in the 
classroom. She represents a philosophy of 
teaching where feelings, reason, the individual 
and the whole, language and cognition are all 
dimensions that are holistically used [13]. 
Heathcote’s method is marked by the constructed 
interaction of the class as a group rather than 
emphasizing the individuality of the individual. 
She thought of drama as a large group experience 
uniting all students’ differences in a communal 
expression [17]. It is the active collaborative 
learning that draws on the children’s social being 
and play in a real-life simulation that motivates 
students to learn.  
MoE in the classroom works through a context 
that is ideally both playful and dramatic as well 
as a space in which learning occurs[1]. The 
teachers work is an intersection area [Figure 1] 
between three dimensions; 1) Drama for learning 
where students are involved in events and 
tensions. They are establishing different points of 
views.2) Inquiry learning with its collaborative 
process of investigation supported by the teacher 
and planned around inquiry questions. 
Opportunities are created for reflection and 
evaluation. 

 

Figure 1. Dimensions of of MoE 

3)Mantle of the expert elements of the team of 
experts realizing their responsibilities, power and 
capabilities to make decisions. They are working 
on a commission for a client thus requiring the 
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team to do various tasks[25]. 
Teachers and students would be playing and 
creating drama. They would be also exploring 
and learning [1]. Working in that area is what 
makes MoE a dramatic inquiry-based approach 
to teaching and learning.Dramatic inquiry is 
grounded in the student’s curiosity about life. It 
is structured round inquiry questions as the 
primary inquiry stage in learning and teaching 
[National Research Council [20]. Dramatic 
inquiry is contextualized in fictional -real world 
narrative and events. Students find themselves 
collaboratively engaged in investigating and 
interpreting imagined real-life events as if the 
topic of investigation is their immediate 
responsibility. They experience inquiry as 
Edmiston explained: ” not only as a relatively 
emotionally detached researchers of ideas, but 
also as a group of thinking-feeling active 
participant-observers making meaning about 
pressing human concerns’p.5[12]. He further 
explains how teachers focus inquiry from within 
the imagined events and how they extend and 
shape the students experiences when they join in 
the imagined context. 
The presented approach to teaching empowers 
students to reflect critically about issues [13]. 
Empowerment as Boschi [7] tried to define it is 
the “can do” feeling of the learner accompanied 
by the satisfaction when it is done. It is where 
sharing knowledge and ideas engage all the class 
in a learning process that demands free 
expression. Empowerment entails a new role of 
the teacher and student which is more child 
centered. Heathcote knew that for a teacher to 
conduct a class with MoE gradual progression 
should be considered. Neither reading about it or 
seeing it is enough. It’s class application that 
makes the difference. Teachers need to be 
inclusive in their language. It is when the 
children see their teachers engaged ”with” them 
that they feel really empowered and enabled to 
become creative [7]. They will be watching their 
teachers while they are conducting dialogues 
experiments, discussions or solving their 
questions. The genuine expression of the teacher 
of interest in the students work will be 
motivating [3].Teachers need to reflect on their 
work all the time and allow the students time to 
reflect too [5]. 
One important aspect of the Mantle is the 
integrative teaching approach it proposes. Real 
life- situation demand multiple resources to live 
them through. The drama context drives the 
students to connect and build upon knowledge 

and skills from different resources and employ 
them in their new experience. Integration in 
drama is not only linking subjects when planning 
teaching. In the Mantle the drama, context, 
knowledge, skills, culture, person and experience 
inform each other to build a new comprehensive 
experience for the learner. 

3.2 MoE methodology 

The following is a simple description of the MoE 
methodology as details are beyond the scope of 
this paper. Description is based on the 
researcher’s personal sharing in planning MoE 
in-service training sessions carried out by 
WHKSEP with Luke Abbott (Trustee of the 
National Association for the Teaching of Drama; 
NATD and Director of Mantle of the Expert 
Project) and the QCERD MoE experts. Also 
considered was Bolton and Heathcote [1995] 
definition of the core elements of MoE and the 
planning schemes at MoE website [25]. An 
example will be from a training courses carried 
out by QCERD with the teachers in this study. 
MoE begins with an important contract between 
the teacher and students based on the students’ 
agreement that it is a pretended situation where 
they will be running an enterprise as a team of 
experts in a fictional world to carry out a 
commission for a client.  
MoE is built about a narrative context based on 
real-life –situations. The context is drawn from a 
curriculum content intended for exploration. The 
contents is selected across the curriculum. We 
chose to cover the unifying science process of 
form and function. We set our purpose. Different 
topics were to be covered. This was the intending 
learning content; biodiversity, body parts and 
external cover, forms of motion, body shape and 
streamlining, water cycle, condensation, 
evaporation, freezing and melting, solubility, 
solutions, mixtures, filtration, diffusion, mass 
and density. The choices covered content in 
different classes for training purposes. It also 
demonstrates the wide spectrum across the 
curriculum through which a teacher can work. 
The content is matched with teaching goals and 
listed as expected outcomes. A choice of the 
content joins up with the development of a 
scenario and a choice of real life situations that 
can open up different opportunities for the 
intended learning. Imagination and knowledge of 
students socio-cultural context are of importance 
at this point to lead into a choice of a meaningful 
learning context. In our training bird migration 
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through the Jordan River Valley was chosen. The 
main inquiry questions are set. Within our 
suggested context the following questions are an 
example; Where do birds migrate to? What helps 
them through their travel? What would happen if 
the birds don’t migrate? What do they need to 
carry out the journey?. 
MoE is an integrative teaching approach and its 
contexts offer strong integrative learning 
opportunities. Geography (continents, transport, 
terrain, directions,), Arabic language (descriptive 
language) and Mathematics (measurement, units, 
geometry) were included as subjects. However 
the bird migration entails other concepts that can 
be integrated like boarders, travel, teaming, 
responsibility to community and place to count a 
few. 
A scenario is written. “A piece of land used to 
have a pond of water. Migrating birds used to 
stop by on their way to rest and drink from the 
pond. This season the pond is dirty and scarce in 
water…….. the Bird Watching Centre owning the 
land had a call from the Mediterranean Bird 
Migration Centre were they made it clear that a 
group of storks had a two weeks early start and 
was heading to Palestine on its way from 
Europe….”. Questions rise: What are storks? 
Why do they migrate? What do they need? Where 
is Europe? How can birds travel such a 
distance?.......  
The client (Bird Watching Centre) asks for help 
(commission: refill the pond with drinking water 
suitable for the birds) from the students. The 
students care enough about the client’s long term 
goals. They engage in activities through which 
they begin to imagine the fictional world. 
Learners and teacher interact predominantly as 
themselves. They imagine themselves as a group 
of experts (Team of Birdlife Experts). They 
collaborate to create the team, its tasks, its tools 
and equipment, workplace and jobs. The learners 
are engaged in activities that are both 
curriculum tasks and would be professional 
practices in the fictional enterprise. Tracking 
through the storks migration routes from Europe 
into the Jordan River Valley was one of the tasks 
the teachers were engaged in during training. 
They explored together making use of each 
other’s knowledge. Scaffolding and learning 
were taking place. Everybody was busy on the 
task. Other tasks included inquiry hands on 
experimenting with wet and dry feathers and the 
effect of streamlining on motion. The teachers 
were making and exploring different models. 
Teachers scaffold the children’s learning through 

the knowledge building tasks and inquiry 
processes. The teacher must share power to 
position the students as knowledgeable and 
competent colleagues and ensures that the 
students position each other similarly.  
Different tensions created within the dramatic 
context drive the students into new learning 
zones. It was suggested that; A bird fell and 
broke it’s wing….How can we help? What is the 
importance of the wing?. All to be followed by 
suitable inquiry tasks. The team reflects all the 
time on their activities to make meaning.  

4. Research Methodology 

The research methodology is of a qualitative 
nature. Data was collected over a nine months 
period of training. Forty class teachers of the 
lower elementary (grades 1 to 4) from the Jericho 
Governorate in Palestine were included in the 
programme. They included Governmental 
schools(n=4) and United Nations Relief and 
Work Agency (URWA) schools (n=2). They 
participated in a 9 month professional 
development program between August 2012 and 
February 2013. There were 5 main training 
courses over the period. Focus was on 
specialized dramatic pedagogies and conventions 
related to MoE, scientific inquiry, questioning, 
building learning contexts and planning learning.  
The research aims at exploring the influence of 
MoE as an instructional framework on the 
teachers’ 1) understanding of scientific inquiry, 
2) ability to plan and implement integrative, 
investigative and meaningful learning contexts in 
their science classrooms, 3) teachers’ awareness 
of their new roles, 4) how such roles may 
provide opportunities for students to explore 
science in relation to ethical and social 
responsibilities, 5) as well as opportunities to co-
construct meaning of science within the 
addressed context. 
Data sources included two stage progression 
open ended questionnaires. One targeted 
teachers’ perceptions and views of science 
teaching as class teachers teaching science. The 
other explored their opinion on MoE as a new 
teaching strategy, its possibilities and constraints. 
Statistical results are submitted from the 
questionnaires based on joint opinions and 
answers. Focus groups were carried out after the 
first training session to investigate first responses 
of teachers to the introduced training ideas. 
Another session was held after the final planning 
session to explore their expectations as related to 



10th International Conference on Hands-on Science 
Educating for Science and through Science 
© 2013 HSci. ISBN 978-989-98032-2-0 

 

 

225 

class application. Teachers’ conversations during 
the planning session were recorded. Session held 
with the teachers to discuss their individual 
lesson plans and narration of preliminary class 
applications were recorded. All recordings were 
transcribed. A short list of the main concepts 
introduced during the training sessions was 
prepared based on training plans and notes. 
Similar lists were drawn from the recordings of 
the planning session, and the teachers’ plans and 
discussion, all to be later evaluated based on the 
comments of the researchers of WHKSEP and 
QCERD involved in the training.  

5. Research results 

Results indicate an understanding and 
implementation of MoE at different levels of 
dramatic depth. All participants demonstrated a 
general improvement in understanding of inquiry 
and in their ability to construct learning 
situations derived from students’ socio-cultural 
contexts and lived experiences. Teachers were 
able to integrate inquiry questions as part of their 
lesson language. It was a good starting point to 
know that as class teachers teaching science 75% 
of them favored teaching science over other 
subjects, and 60% of them wrote that it was 
because of the activities that can be done. They 
all wanted, as they expressed during planning, to 
bring in ”stories from the students close context 
and try to come out with an attractive context”. 
Teachers who were able to carry out small scale 
applications believed “ something new was in 
their classroom that they found interesting and 
fun to work through”. One group even agreed 
that “teaching the unit on light and vision would 
take a month’s work….through the Mantle it will 
be different”. They generally had positive 
expectation. However there were outcomes that 
should be considered for future training.  
(1)Teachers responded positively to inquiry as a 
teaching learning process. They might have not 
been able to carry the inquiry process through 
deep steps, however questioning and building 
learning about inquiry questions was an 
achievement to their credit. It was a challenge to 
be able to change the didactic language into the 
language of inquiry. Teachers were able to pose 
and use inquiry questions “How does planting 
trees affect humans? How would locusts harm 
us?”What would happen if.....? Why should 
we...?What would be the difference if....? are 
example of the types of questions in their plans. 
Students questions however were a problem to 

some. It was not related to the teachers’ belief in 
questioning as they repeatedly discussed during 
the planning session that; ” ideas flow during the 
drama activities and students questions begin to 
form. We must follow the questions...”. It was 
more a time – curriculum constraint as they 
expressed at several discussions; “ if we allow 
questioning the lesson would be over and the 
curriculum will not be finished”. For them the 
time as related to curriculum was a limitation for 
allowing inquiry to take its course. There was 
absence of hands on activities necessary for 
inquiry. One of the four groups working during 
the planning session mentioned experiments on 
light, but when it was time for class application 
non appeared in the plans. Many opportunities 
stood out as chances for application and 
experimenting. Soil, stones and erosion in a 
Mantle working on creating a school garden and 
water in a Mantle on a piece of land that is to be 
rehabilitated after a fire and had a pond were 
opportunities for hands on applications. One 
teacher carried out a plant growth experiment 
that was well contextualized and employed 
Resources for inquiry are a limitation in many 
Palestinian schools with one of the Palestinian 
Governmental schools boarding 80 students in 
the Northern Jordan Valley having a yearly 
budget of a mere 400USD. 25% of the teachers 
stated material resources as a hindrance, 48% 
found limitations in the availability of space for 
learning activities. During our school field visits 
we found that all school laboratories regardless 
of the class levels or student number, were 
equipped according to the same list. There was a 
problem too with the provision of consumable 
supplies like chemicals. However when 35% of 
the teachers stated that the problem would not be 
solved if the necessary tools and equipment were 
available, the problem was not anymore limited 
to resources. The teachers seemed to need 
support in their new teaching situations that 
required new activities other than those they 
usually apply. There were results worth attention 
in the questionnaire on class teachers’ 
perceptions and views on teaching science.65% 
of the teachers favour that a science major 
teacher would take over the science lessons. 77% 
of them stated the reason to be that science major 
teachers have better skills and knowledge. 65% 
of them stated that what they do is “read out loud 
the experiment” and/or “do a demonstration”. 
Water evaporation and condensation being the 
only mentioned example of an experiment by 
35% of them. Resourcing their teaching activities 
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with hands on inquiry was a constraint. The 
inquiry workshop was able to reach the teachers 
as a concept, but they were not able to create or 
adapt existing resources. 
 (2)Looking across the lists of dram concepts and 
their evaluation revealed that teaching context, 
imagination, scenario, commission, client, team 
of expert, enterprise, role and inquiry questions 
needed to create the intended learning context 
were included in all discussions during the 
planning session. They were also marked in the 
plans and through teachers’ narrations. During 
planning they deeply considered the children and 
searched through their imagination for scenarios, 
resources and tasks that are engaging and offer 
learning; “we will tell the students that we are 
going to set on trip….they will be excited”. 
Another teacher argued “ the piece of land we 
are to visit, how much information should we 
know about it?”. 
Their vision of lesson planning was changing; “ 
every question we ask should target something” 
said one teacher ” ….we are not going to list the 
teaching goals as we used to” said another. “ 
….it’s now all about questions we pose to direct 
the children’s knowledge” said the third in a 
planning session discussion. They did not reach 
the depth of self questioning that would lead 
them into the details of drama or the teaching 
activities. Student tasks were not discussed in 
details. Teachers agreed that the students would 
do research or draw or classify. True there was 
no clear rationale neither dramatic nor academic 
for the tasks, but they were integrating those 
learning tasks as part of their class teaching not 
as activities or assessments. They became 
resources of learning. It is a start considering that 
such activities were rarely considered for the age 
group. The teachers seemed to believe that they 
can improvise during their practice. However 
they faced the fact that detailed drama planning 
was a must when their attention was drawn onto 
learning chances that stood out in their plans and 
how they can be used either to integrate other 
learning subjects or experiments or produce 
material outputs like designing posters or photo 
galleries. This was a key point of discussion with 
the researchers during the discussion of the 
plans.  
Drama and dramatic tensions were considered in 
planning and class application. An idea worth 
attention was the way two of the teachers 
introduced locusts into the children’s drawing 
during their lunch break. It was surprising and 
triggering for the children to know more about 

them and why everybody feared their arrival.” 
Are they Grasshoppers?” they asked. It was a 
good employment of a current issue at the time 
as locusts were actually expected to reach the 
area. It was all over the news. A first grade 
teacher went in role as a land owner and as a 
guard during the sequence of introducing the 
context. He was impressed by the way the 
students responded to his role and how they were 
engaged in asking questions. 
(3)Teachers had fears of sharing their power with 
the students. Though they realized and respected 
the new role as expressed in the focus groups and 
planning recordings; ”we always wanted to 
deliver information. Now we want to help 
students search for knowledge” and some agreed 
that“ we should change the type of relationship 
that exists between us and our students”. 
However to let go was not going to be easy. 
Teachers had envisioned “loosing class 
control….” Based on the “large number of 
students per class” as repeated several times 
from day one in training. 48% of the teachers 
agreed that high numbers is the main constraint. 
25% thought that the students might not accept 
the new forms. Another barrier was that “this 
work will be rejected….too much chaos”. The 
main concern here was the school principal. 25% 
of the teachers asked for including principals in 
training hoping they would “understand the 
nature of the work” as ” principals have to 
support this type of work or otherwise all our 
training through the past days would be 
useless…”. WHKSERP included the supervisors 
in training to relieve the pressure of distant 
educational authorities and allow for the change. 
However for all the teachers who had class 
applications, it was a relief when the children got 
engaged in the learning activities. It was also 
important that the teachers allowed the space for 
the “chaos” to take its course when the children 
were given time to express their excitement of 
learning outside their desks. One of the teachers 
had a small number of students in the 3rd grade 
and asked students and teacher of the 4th grade to 
join in a learning experience. He described the 
group as “ blended well” and “were out into a 
new learning environment”.  
 Teachers tried to give the students space for 
inter student discussion and collaboration on 
tasks and decision making. It required some 
patience to shift out of the old paradigm. They 
were astonished by the students’ response to the 
new learning strategy.” The children enjoyed the 
lessons and got engaged in the activities 
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specially drawing the context details of their 
land and trees …so much knowledge rose to the 
surface…I was surprised…”.  
4) MoE as an imagined real life context, helped 
the students to think within a positive ethical 
scope and attitude towards life in general and 
other creatures as well. They felt the 
responsibilities of the role. “we do not want to 
kill the locust….. just drive them away and 
protect our crops” was the first graders’ stand 
that lead them to choose covering their crop with 
nets. The 3rd and 4th graders working on a design 
for their school playground found it necessary to 
consider disabled children in the design of the 
place. Another 1st grade group suggested that the 
guard will stand a long time in the sun and 
needed an umbrella. One of the teachers planned 
a context were the children would be in a 
difficult choice between using pesticides for 
better crops or killing the mice that were 
infiltrating the land. He was creating a need for a 
social ethical stand. 
5)The choice of topics related to land and 
agriculture was wise for the preliminary stage for 
both teachers and students. It allowed maximum 
engagement and empowerment of members of an 
agricultural community. It related their learning 
to their lives. At the same time it revealed 
shocking information of the living space 
limitations forced by Occupation on the children 
who rarely leave their villages. They recognized 
the water source to be “ the main tap”. They live 
in an area surrounded by natural water resources 
that are beyond their reach and were left with 
that “tap” item as their water source. This 
brought in a new learning area that needed to be 
covered. The same limitation extended to a 
general knowledge of the destination of 
agricultural products of which they only 
repeatedly answered “ the lorries carry them 
away”. 1st graders were asking questions about 
their parents practices that they have long seen 
but seemed to have new meanings after the use 
of the agricultural context as a science learning 
context. One of the teachers reported this to be 
an outcome of the experience. 
(4) 50% of the teachers found the curriculum a 
major challenge. It was “overloaded” and “ does 
not allow time to be spent on the process of 
inquiry” as quoted from the focus group. They 
were referring to the National Text books. 
Integrative learning becomes more challenging 
within this vision of the curriculum. Though 
mentioned in their discussions, plans and trials 
during application, actually it was more making 

use of existing knowledge rather than designing 
new integrative learning within the opportunities 
provided by their drama contexts. “ the students 
can use their reading skills.....the Arabic 
textbook units are on this topic...they can read 
them”, “they can translate the words on the road 
signs into English”, “ this is a counting 
opportunity....they will count the number of trees 
of each type”. Some believed that “ Arabic is the 
central subject matter of which spring out the 
other subjects”. Actually Arabic, English and 
Mathematics are considered the focal teaching 
subjects for lower elementary classes. This 
vision makes it difficult to start from a science 
subject into integrating language or mathematics. 
It’s like reversing the teachers central thoughts. 
This is why they flowed easier into the a practice 
were science is a field of application. 

6. Conclusion 

MoE puts the teachers in the challenge of using 
all available resources whether material, 
cognitive, imagination, curriculum based content 
knowledge, pedagogy and skills into a teaching 
experience that is so inclusive. More work needs 
to be done on drama as a form and tool. Details 
of adult life experiences are appreciated as 
learning scopes. Teachers are currently thinking 
and applying MoE as a teaching activity rather 
than a comprehensive teaching strategy. It is a 
good step that they accepted the challenge of a 
new methodology. However overcoming this 
view is a challenge in itself. Accumulating 
experiences will induces a new model of 
thinking that might be able to help overcome 
current curriculum and time constrains. Dorothy 
explained that it is when the teacher repeatedly 
dares to practically experience MoE and find his 
own way through it, that he gains confidence 
[13].  
Teachers are used to limiting themselves to text 
book experiments that are predesigned 
demonstrations. Teaching through inquiry 
requires new examples that need to be worked 
upon in the future. These are only the first steps. 
Our work with the teachers is ongoing.  
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Abstract. At the present the flipped classroom 
model of teaching and learning became one of 
mainstreams in science and math education 
research.  
In essence, “flipping the classroom” means that 
typical activities used to occur in class (like 
lecturing, explaining, simple demonstrations) is 
exposed and accessed outside and in advance of 
class (e.g. at home). The class becomes the place 
for interactive learning including authentic 
hands-on activities (inquiry based lab work, 
interactive demonstrations) and minds-on 
activities (inquiry based problem-solving, peer 
and class discussion, or debates).  
In our contribution we explain pedagogical and 
practical details (tenets, benefits, pitfalls) of the 
flipped classroom based on our three years long 
direct experience from science and math 
education in Slovakia at secondary and higher 
education and training pre-service and in-
service teachers. At the same time we explain our 
view of the technology and teaching methods in 
the flipped classroom. 

Keywords. Science and math education, 
blended learning, flipped classroom, question 
driven instruction, digital technology 

1. Introduction 

Information revolution and digital technology 
dramatically transforms our society, ways how 
we work, how we communicate or how we spend 
our leisure time. These days digital technology is 
practically everywhere, touches our everyday 
lives. At the same time it changes demands for 
skills dealing with active successful life, so the 
presence of technology in education is inevitable 
(e.g. [1]).  
In connection with using technology in education 
our department became an integral part of 
several significant educational projects for 

training in-service teachers which are just 
finished or still currently running: 

 the European 7FP project „Establish” 
[2,3], where the main objective is 
dissemination and use of the inquiry-based 
teaching method for science (enhanced by 
ICT) with second level students (age 12-18 
years) on a large scale in Europe by creating 
authentic learning environments, involving 
all stakeholders; 
http://www.establish-fp7.eu/ 
 the national projects „Modernization of 
the education at primary and secondary 
schools” [4], with the primary goal to raise 
awareness and capability of more than 6800 
in-service Slovak teachers in ways how 
digital technologies can change classrooms 
into modern student-oriented environments 
for training, developing and enhancing 
required student’s skills; 
https://www.modernizaciavzdelavania.sk/ 
 the science popularization project 
„Sciencenet” [5] that has formed the long-
term strategic partnership with high schools 
called Sciencenet and whose one of main 
objective was to provide novel education 
and popularization means (esp. new digital 
technologies) for high school partners and to 
train their teachers in using them. 
http://www.sciencenet.upjs.sk 

However it is important to realize that the 
extensive educational research has shown in 
many cases [1,6–11] that the effectiveness of 
digital technologies depends strongly on the 
pedagogical ways in which teachers use them. 
Many well-established and sound pedagogical 
approaches can be successfully employed in the 
so-called blended learning [10], where from the 
viewpoint of technology the key role is played by 
Web technology. This pedagogical strategy is 
nothing else as an effective and powerful fusion 
of face-to-face classroom learning and out-of-
class online learning.  
Among the most widely used approaches in 
science and math blended learning belong Just-
in-Time Teaching [8], Small group learning [12], 
Question driven instruction [7] or Flipped 
classroom [13].  
Slovak teachers (especially in physics) have been 
introduced with teaching materials dealing with 
blending learning in the form of Just-In-Time 
Teaching and Question driven instruction in 
mentioned national projects „Modernization of 
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the education at primary and secondary schools” 
[14] and “Sciencenet” [5]. During running these 
projects some pedagogical problems have 
occurred, so we have also started to train some 
groups of teachers in the blended learning based 
on the flipped classroom model.  
In this article we explain some pedagogical and 
practical details of the flipped classroom model 
of teaching and learning which comes from our 
three years long direct experience from science 
and math education in Slovakia at secondary and 
higher education.  

2. Theoretical framework, teaching 
methods and technology 

2.1 Concept of the flipped classroom 

According to Bergman and Sams [13], two 
American teachers of chemistry, who coined the 
term flipped classroom, the flipped classroom 
model of teaching and learning (briefly also the 
flipped learning) means, that which is 
traditionally done in class (like exposition of new 
content, lecturing, listening, making notes, 
comprehension, simple demonstrations or 
teacher’s experiments) is now done at home, and 
that which is traditionally done as homework 
(like solving problems, doing projects, creative 
writing) is now completed in class.  
From the theoretical viewpoint the basic idea of 
the flipped classroom model consists in the well-
known revised Bloom taxonomy [15], which 
classifies cognitive work in two dimensions – 
abstractness of knowledge and difficulty (level) 
of thinking skills.  
During the flipped learning, in accordance with 
this taxonomy, students are doing simpler 
(lower) thinking activities (gaining knowledge 
and understanding) and acquiring more concrete 
knowledge (like factual) mainly outside of class, 
and practicing the more difficult (higher) 
activities (applying, analyzing, evaluating, 
creating) and constructing more abstract 
conceptual or metacognitive in the class, where 
they have the support of their peers and 
instructor. 
As a strong benefit the flipped learning has the 
effect of creating extra time, which in class 
allows instructors moderating discussions and 
debates about more difficult topics, identifying 
and resolving students’ misconceptions, doing 
more complex hands-on activities or training key 
skills. In other words the flipped learning 
maximizes the value of face-to-face time – the 

scarcest learning resource from viewpoint of 
interactivity. A summary of typical activities 
during the flipped learning is presented in Table 
1.  

Time Activities 

p
ri

or
 t

o 
cl

as
s 

 
Reading blog, magazine, book, textbook;  
Writing notes in Cornell style 
Watching video-lectures, TV news, movie 
scenes, video manuals or tutorials; 
Doing simple experiments, simulations or 
remote experiments, field trips;  
Playing games; Visiting museum, exhibits, 
Finding out information, Doing research,  
Communicating via interview, sms, 
videoconference, social network;  

 

d
u

ri
n

g 
cl

as
s 

 
Interactive demonstrations 
Inquiry based activities and lab works,  
Workshop experimental activities,  
 
Inquiry based problem-solving,  
question driven (peer instruction) 
activities, peer and class discussions or 
debates,  
 
Project based activities,  
Cooperative group problem solving 
Creative writing, Critical thinking training 

 

Table 1. Activities in the flipped classroom 

The flipped classroom model has also several 
disadvantages, but there are also techniques how 
to eliminate them to a negligible level [16].  

2.2 Question driven instruction and the 
learning cycle approach  

Question-driven instruction and its activities 
belong to very appropriate in-class activities of 
the flipped learning. This interactive teaching 
method using classroom response systems (e-
voting) was created by the physics education 
research group of University of Amherst (Beatty, 
Gerace, Leonard, & Dufresne) [7,9]. The typical 
class session in such case is structured around 
three or four question cycles per 45-min long 
time slot. Each question cycle includes the 
following steps: 

1. Posing a question (problem) by the 
instructor 
2. Small-Group work, discussion on the 
problem 
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math. In other words students have wrong ideas 
about answers to questions like what does it 
mean to understand math and physics? Is physics 
or math about memorizing and applying rules 
and equations or about reasoning and making 
sense of the physical world? Do I understand 
what does it mean if I am doing science and how 
scientific method work?, etc. 
The second important problem of our instruction 
is a sample of students who came to study 
science at our University. According to our test 
of mathematical literacy from high school 
(administrated every year before the course) 
average quality of students continuously drops 
and gap between what students need to know and 
they know extends. Moreover our calculus 
classes are more and more heterogeneous in 
skills and performance. Many of our students 
start to struggle with course content after a few 
lessons.  
If we tried to adjust our instruction to average 
students, we run immediately into problems with 
time and it was practically impossible to follow 
our syllabus. Time becomes immediately the 
scarcest learning resource.  
Another frequent and not minor problem in 
university courses deals with absentness of a 
teacher, students or mere instruction (lectures, 
recitations) due to holidays, illness, school or 
scientific events.  
We have tried to solve these pedagogical 
problems in our course Fundamentals of math for 
physicists using the flipped learning applying 
ideas of the calculus reform [21] which took 
place in US during the 80’s and 90’s of the 
twentieth century and completely re-thought the 
calculus curriculum for non-majors in math.  
Most important for us were two central ideas of 
this reform which are fully consistent with the-
learning-cycle strategy: (1) calculus: a pump, not 
a filter (less details in logical rigor, but clear and 
transparent in presenting key ideas; substantially 
more real applications), (2) using technology, 
inductive learning method and “Rule of Four” 
for presenting ideas at the same time graphically, 
numerically, symbolically and verbally [21,22].  
To get better idea we present an example of the 
flipped calculus class connected with our 
introduction to the concept of derivative.  
In the first exploration phase, prior to class, 
students start with motivational reading, Conquer 
the third pole, from the science popular magazine 
Geo about the first successful attempt to climb 
the highest mountain in the world. They are also 
said that this activity is important in getting good 

intuition and idea about derivative.  
To get own first experience student also follow 
Hillary’s and Norgay’s expedition to Mount 
Everest virtually in a simple interactive hands-on 
activity – doing 3D simulation of the climb 
complemented by watching real Youtube videos 
and photos offered by Google maps (Fig.2). 
Exploring on own students submit their answers 
to a simple task: Try to draw a profile of Mount 
Everest during Hillary’s and Norgay’s climb of 
Mt. Everest and mark the most difficult point of 
this climb. Give reasons for your choice.  

 

Figure 2. A simple interactive exploration activity 
using 3D Google maps  

The exploration phase continues with watching 
our mini YouTube video-lecture (10 minutes) 
about “steepest location” of Mount Everest‘s 
profile. Students prepare and submit own notes 
by using Cornell note-taking method [13] 
together with completing a simple assessment 
rubrics containing their reactions. The result of 
the phase is student’s clear and intuitive idea that 
the derivative of a function at a point means 
geometrically a synonym for the slope 
(steepness) of the profile (curve or graph) or 
physically an instantaneous rate of change of 
considered quantity in time (or instantaneous 
growth).  
In the second invention phase, in class, thanks to 
in-class minds-on and hands-on activities 
(Geogebra simulations) students in question 
driven instruction are trying to answer a series of 
questions using an e-voting response system 
based on their mobiles and web service 
http://www.polleverywhere.com 
This phase leads students in formulating the 
exact calculus definition of the slope of linear 
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function and also a geometrical definition of 
slope of nonlinear function as the slope of the 
line tangent to the curve representing the graph 
of the function.  
The invention phase is finished again out of class 
where students watch our Youtube collection of 
four recapitulating videos and submit own 
Cornell notes summarizing their learning.  
In final application phase (again in the form of 
question driven instruction) students extends the 
range of applicability of the concept and finish 
with the limit definition of the derivative. The 
limit concept is discussed only intuitively as 
expressing the slope of the line between two 
infinitesimally close points on the graph of the 
function.  

3.2 Popularization of science at secondary 
schools 

One of objective of the partnership Sciencenet 
(the project mentioned above) is to realize 
regular popular scientific activities like lectures, 
workshops, and public science days for students 
and their parents, which have a strong potential 
to show fascinating world of physics and science.  
As a successful example of such activities 
becomes an interactive popularization lesson 
Could Spider-Man really stop a subway train?, 
which can be also treated as the form of flipped 
classroom based on the learning cycle mentioned 
above. The main objective of the lesson is to 
show the power of applying scientific models to 
real situations. In this case students will invent 
and apply a simple kinematical model of the 
situation – constant deceleration model.  
At least one day before the popularization action 
and out of class students are encouraged to create 
informal groups and asked to complete the first 
exploration phase of the learning cycle. Without 
any special instructions or guidance or 
intervention they are getting own experience by 
watching one of Spider-Man movie scenes (5 
minutes long), when Spider-Man stops a New 
York City subway train. Investigating the video 
students submit their answers to this simple task: 
Try to find in the video as much scientific 
information as possible.  
The beginning of the face-to-face interactive 
lesson represents start of the second invention 
phase of the learning cycle. Using question-
driven instruction students try to make sense of 
the data collected during the exploration phase 
and connect to the key question: Could Spider-
Man really stop a subway train? 

Using e-voting for answering multi-choice 
questions together with peer and class-wide 
instruction and applying the Ockham razor 
(metaphorically illustrated by a joke about a 
spherical cow) they develop and invent a simple 
kinematical model of the situation (“constant 
deceleration model”). With teacher guidance 
they find that the power of the superhero is not 
exaggerated at all and it is comparable to 
strength of a very mighty gorilla.  
Later students deploy the model in a real life 
situation (airbag in car) which represents the 
third last application phase of the learning cycle. 
As homework in a simple lab activity (video-
analysis of a crash test according to video 
manual) students complete the application phase 
by checking in the developed model. 

4. Conclusions 

At the present the flipped classroom model of 
teaching and learning becomes one of 
mainstreams in science and math education 
research. This approach allows instructor to 
create and maximize the use of the scarcest 
learning resource from viewpoint of interactivity 
- classroom time. It means more student-student 
and student-instructor interactions, students 
learning at own pace, addressing absenteeism 
and helping struggling students.  
Our first results supports the conclusion that the 
flipped learning can result in greater achievement 
in math and science, better understanding and 
retention of concepts, improved attitudes toward 
science and science learning, better reasoning 
ability, and superior process skills than would be 
the case with traditional instructional approaches. 
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Abstract. Students` interest in science has been 
declining in the western countries. The need of 
science knowledge among citizens is growing as 
we have to make decisions based on it in our 
everyday lives. Therefore we should motivate 
young people towards science. One of the 
possible ways is to get pupils engaged in 
practical work. Molecular biology and genetics 
are two of the key disciplines to understand new 
approaches but there are nearly no practical 
courses tough for them. I will introduce practical 
courses (device dependent and independent)we 
teach to future biology teachers as well as 
experienced teachers. 

Keywords.biology, genetics, molecular 
biology, practical courses 

1. Introduction 

We have to keep pace with a quick progress in 
science which brings us new technics and new 
knowledge. There are whole new scientific 
branches emerging. The teaching concept has 
also changed from the attitude that science is 
important only for those who want to become 
scientists to the belief that science is necessary 
for everybody[1].This is because we all face 
many decisions that can be made and situations 
that can be solved based on science knowledge 
and understanding science principles and/or 
methods. These can be connected to health 
issues, global changes, sources of energy or 
others. On the other hand, students` interest in 
science has been declining in the whole western 
world including Czech Republic for last decades 
[2]. There are several possibilities how to address 

this problem and regain students for science 
schools[3]. The main, which can be of course 
combined, are: to use Inquiry Based Science 
Education (IBSE), to get families and local 
communities involved in education, to motivate 
more girls to engage with science, to motivate 
teachers to share examples of good practice, 
teachers` lifelong education and new approaches 
and teaching methods[1]. Another way how to 
motivate students towards science is to teach the 
subject using practical courses [4], [5], [6], [7]. 

2. Biological practical courses in Czech 
Republic 

There are many traditional practical courses and 
many websites or journals where to get inspired. 
Future biology teachers on Faculty of Science, 
Charles University in Prague have to attend and 
also teach several practical courses during their 
studies. This still may be not sufficient as a pilot 
survey among biology teachers showed there are 
some biological disciplines with nearly no 
practical courses taught. Number of theoretical 
lessons devoted to some biological discipline 
was compared to number of practical lessons 
with the same focus. For example, nobody taught 
practical course in virology[8]. Of course, it is 
not possible to have practical course with viruses 
at school but one can for example use models to 
faciliate the apprehension of viral genetic shift 
[9] which is as well as other themes connected to 
misconceptions [10]. Other biological disciplines 
most of the teachers teach only theoretically are 
ecology, molecular biology and genetics. This 
can not be generalised as the sample was 19 high 
school biology teachers from 18 different high 
schools in Czech Republic [8].The representation 
of teaching methods used during science lessons 
was compared in Czech Republic, Australia, 
USA, Japan and The Netherlands during TIMSS 
in 1999 [11]. The lessons were videotaped and 
analysed. The most practical activities were 
found in Australian and Japanese lessons, the 
least in Czech Republic and The Netherlands. 
Moreover pupils had the smallest opportunity to 
record and interpret data in Czech Republic [11]. 
It is therefore easy to imagine that science seems 
not to be connected to real life. When students 
were asked to arrange school subjects from the 
most favourite (No. 1) to the least favourite (No. 
14), biology got No. 9 among girls and No.10 
among boys which is quite alarming [2]. 
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3. Molecular biology and genetics 

In the next part of this paper, we will focus on 
molecular biology and genetics. We will discuss 
the importance of this disciplines and the way 
these can be taught. 

3.1. Importance of molecular biology and 
genetics  

There has been a rapid development of 
knowledge in the area of molecular biology and 
genetics in the last decades. We can hear about 
themes like cloning, GM food, stem cell in the 
news and we should be able to form our opinion 
without being manipulated. Everybody can be 
faced for example with the need to interpret the 
result of a screening. It is therefore important to 
have some basic knowledge even if our life or 
profession is not directly connected to science. 
Students` conceptions concerning molecular 
biology and genetics have been investigated to 
find out what are they before and after different 
lectures and which approach works better [12], 
[13], [14]. It was also shown that students` 
understanding of the process by which genetic 
information is transferred is very poor and he 
students lack basic knowledge about structures 
like cell, chromosome, or gene [14]. 

3.2. How to teach molecular biology and 
genetics  

There are also practical courses both laboratory 
and computer animations recommended even for 
high school students [12], [15], [16]. Also a 
different approach can help to gain better 
learning results as it was shown with jigsaw 
cooperative learning [17]. 

4. Czech experience, Charles University in 
Prague 

We will describe our experience with the 
molecular biology and genetics practical courses 
taught on Faculty of Science, Charles University 
in Prague. We will mention courses designed for 
high school students, future teachers of biology 
and experienced biology teachers. Some of the 
practical courses are computer based with no 
more equipment than computer connected to 
internet needed. Others are laboratory and are 
dependent on laboratory equipment. 

4.1 Computer based practical course 

The computer based practical course has been 
taught to future biology students for 3 years. It 
simulates some activities a scientist would do 
when working with sequences and on-line 
databases. 
The aims of this practical course are following: 
the student explains how protein sequence is 
coded by DNA sequence, student uses some 
basic on-line tools to work with sequences 
(BLAST, Expasy, Sequence Massager), student 
describes how fusion proteins can be made and 
names one example. 
Students work in pairs or individually. They start 
with a sequence of a real bacterial plasmid, real 
primers and a question “what is the sequence 
these primers can be used to amplify?” During 
the practical course, the students find out they 
are working with a sequence that starts with 
ATG codone. Blasting this sequence reveals 
similarity to several vectors and looking closely 
allows us to name the protein coded – Enhanced 
green Fluorescent Protein (EGFP). This version 
has a few mutations compared to GFP which 
enhanced the fluorescent signal obtained. Now 
students can answer the following questions: 
Have you heard about GFP? What is the function 
of this protein? In which organism is it found? 
How is it used by scientists and what is the goal 
of this usage? The information is summarized for 
example in [18]. The last step is to look at its` 
structure. We can use a Cn3D free-ware in which 
we enter the Protein Data Bank (PDB) ID 
(2Q6P). The structure of a „barrel“ made of beta 
sheets can be rotated by mouse (Fig.1). 
There are other examples of in silico biological 
courses like making a phylogeny tree and 
searching for related species [19]. This type of a 
in silico practical course was also a part of a 
school level of Biological Olympiad in Czech 
Republic last year. In this case the focus was on 
proteins their sequences and structures.  

4.2 Laboratory practical courses 

We have been using several laboratory practical 
courses focused on molecular biology because 
we believe this is useful for students and helps 
them to understand the basic genetic principles. 
Molecular biology and genetics practical courses 
can be also designed as inquiry based. This can 
be done by giving reasons for the individual 
steps and discussing what would happen without 
a specific step in the process. This approach was 
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shown on a common DNA isolation from a plant 
tissue [20]. We have been using a slightly 
different approach when besides this reasoning 
students can actually choose their own way how 
to reach the result. The problem is following. 
Students are provided with four different 
bacterial plasmids numbered 1 to 4. Their task is 
to distinguish among them using restriction 
endonucleases and agarose gel electrophoresis. 

 

Figure 1.“Barrel” structure of a green fluorescent 
protein made in Cn3D. Arrows show beta sheets, 

lines show alpha helices. 

Students can choose their own combination of 
the enzymes to gain recognisable products. There 
are more correct solutions but some 
combinations also give products of similar length 
and therefore the plasmids can not be recognised. 
The plasmids are again molecules used in real 
laboratory research (Fig.2). 
After the restriction, students analyse the length 
of each fragment and compare it to the expected 
length. The result is assigning each number of a 
plasmid to its` name (code).  
In our experience, students choose combinations 
that enable them to distinguish individual 
plasmid. This practical course serves as a starting 
point of a discussion about genetic 
modifications, expression of fusion proteins and 
their role in our everyday life etc.  
After the restriction, students analyse the length 
of each fragment and compare it to the expected 
length. The result is assigning each number of a 

plasmid to its` name (code).  
In our experience, students choose combinations 
that enable them to distinguish individual 
plasmid. This practical course serves as a starting 
point of a discussion about genetic 
modifications, expression of fusion proteins and 
their role in our everyday life etc.  

Figure 2. Example of one of the bacterial 
plasmids used in the practical course described. 
Restriction sites of the restriction endonucleases 
used are marked. The size (length in base pairs) 

is in the middle. 

Another possibility is to use a similar procedure 
for every student supported and clarified by 
discussion and reasoning [20]. We have 
simplified one such practical course determining 
alleles of ccr5 gene in human [15] which was 
originally described by Thomas [21]. Approx. 
950 both to high school students and university 
students undertook this practical course during 
the last tree years. The ccr5 gene was chosen 
because there is a 32 bp long deletion described 
which can be detected using PCR (polymerase 
chain reaction). Because the receptor is not used 
only by a chemokine for which it is designed but 
also by a HIV (as a co-receptor) [22] it is very 
interesting and also important. Moreover this 
deletion prevents the protein to function as a HIV 
co-receptor [23]. Students use their cheek 
epithelial cells to amplify the part of ccr5 gene 
which can have the deletion. PCR products are 
analysed using agarose gel electrophoresis and 
the results are discussed. To prevent students 
from gaining sensitive personal data, the 
unmarked samples can be mixed and therefore 
anonym. The gene was also chosen because the 
deletion does not cause any clinical 
demonstration[21] so the ethical issue is 
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minimalized. Interestingly, the frequency of the 
heterozygotes varies across Europe and is zero 
on other continents [24]. This might be due to 
past selection because other pathogens (e.g. 
smallpox) use CCR5 as a gate way to a cell [25]. 
The frequency of deleted alele in Czech Republic 
is around 10%. There are usually between 10 and 
20 students in one group so it is not a problem to 
find heterozygote or even homozygote with 
deletion (one in 100) (Fig.3).  

Figure 3. An example of tree possible results of 
agarose gel electrophoresis.Normal length PCR 

product 188 bp (upper band, line 1 and 2), 
deleted alele product 156 bp (lower band, line 1 

and 3). Left line represents standard of molecular 
weights: 100 bp, 200 bp, 300 bp. Adapted from 

[15]. 

There has been one unique clinical case 
described in which ccr5 deletion played an 
important role. A transplantation of peripheral 
blood stem cells from a homozygous CCR5-Δ32 
donor to HIV-1 positive was done. The patient 
had no viral rebound 20 months after the 
transplantation and the end of antiretroviral 
therapy [26].  
Several topics are discussed during this practical 
course. These are the methods used (mainly PCR 
and it`s use in medicine, archeology, 
criminology), genetics of populations, mutation 
and the possibility of providing some positive 
effect, drug design and anti- viral therapy.  
Another similar practical course was described 
by Imperial and Boronat [16] and shows how to 
detect Rh factor. It again instigates explanation 

of PCR diagnostics, prenatal diagnostics, 
determination of blood groups and more. 
 
4.3 Practical courses for high school 
students 

These laboratory practical courses were tested 
and taught on high schools both in Prague 
(students come to the faculty) and different 
Czech towns (we come to the high school with 
all the equipment needed). We are currently 
testing the possible impact of these practical 
courses on students` attitude towards biology. 

4.4 Practical courses for teachers 

The described laboratory courses (restriction 
analysis and ccr5 detection) were used in courses 
for experienced teacher as a part of lifelong 
education. The teachers have the possibility to 
bring their students to the Faculty of Science, 
Charles University in Prague, to take part in the 
practical courses and they also can borrow the 
equipment and perform the practical course on 
their school. We are glad to see both possibilities 
are being used. 

5. Summary 

We show several practical courses from 
molecular biology and genetics which have all 
been tested with high school and university 
students. Some of them require laboratory 
equipment but some not. The possible influence 
on the attitude towards biology has been tested 
now. 
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Abstract. The use of cartoons/comics is 
becoming more popular in science education. 
Their graphical form is suitable for the Net 
Generation which is well visually literate. 
Cartoons/comics are effective in supporting of 
understanding science. The use of 
cartoons/comics in science education could be a 
way of making science meaningful, relevant, and 
accessible to students and how to help in 
increasing of interest as well. We found that 
cartoons/comics may help to better understand 
the nature of experiments. Study presents 
advantages and disadvantages of using 
cartoons/comics, methods of using 
cartoons/comics in instruction and practical 
examples of cartoons/comics which impact on 
students. 

Keywords. Cartoons, comics, motivation, 
science education, using cartoons/comics. 

1. Introduction 

Science teachers have faced the problem how to 
promote students' interest, so they have looked 
for new methods and tools, which would not 
only interest students [23], but also lead to 
desirable educational outcomes. In context of the 
development of science and technology 
(especially ICT) the traditional position of the 
teacher as the only authority has been overcome 
and students´ learning styles have varied 
considerably as well. The need to change 
educational methods has been proved by the 
findings of surveys carried out in the 
international PISA research, etc. 
One of the possibilities, how to respond to the 
above mentioned facts, is to use cartoons/comics 
that are popular not only in entertainment, but 
also in edutainment. In recent decades, 
cartoons/comics have appeared in lessons 
worldwide. They are used to achieve different 
educational objectives; some of them are 
presented here including sources where you can 
find more information on how to use 
cartoons/comics: 

- development of reading skills [2]  
- enrichment of subject vocabulary [4]  
- development of problem-solving skills [8]  
- development of written expression skill [1]  
- development of idea formulation skill [1]  
- develop. of conflict resolution skills [18]  
- identification of attitude to science [14]  
- strengthening motivation [7]  
- acquisition of scientific knowledge [6]  
- detection and elimination of misconception 
([11], [12], [13])  

These issues should be included among research 
topics in science education. 

2. Cartoons/comics and Net Generation 

Popularity of cartoons/comics with the young 
generation is connected with their higher visual 
literacy, which is an essential characteristic 
feature of today's youth known as the Net 
Generation [20]. The way of expression based on 
means of visual communication and little text 
suits them perfectly. In connection with frequent 
use of ICT the Net generation can integrate 
images and text naturally. Members of the Net 
Generation are able to move between reality and 
virtual environments quickly. On the other hand, 
they have significant problems with reading long 
texts and their comprehension. That is why they 
find well-crafted cartoons/comics interesting and 
understandable. They do not like studying 
manuals and long instructions, because if a topic 
is not interesting for them, they skip passages 
and try to finish the text quickly [5]. It is 
therefore appropriate to use cartoons/comics for 
creation of manuals, etc. 
Today’s students are motivated by daily life 
issues set into a meaningful context. This 
requirement is accomplished when using 
cartoons/comics containing images with specific 
situations. Members of the Net Generation due to 
their lifestyle are always interconnected using 
different ICT and they prefer sharing 
information. Interactive cartoons/comics 
simulate this kind of communication. The Net 
generation considers their peers more credible 
than teachers when it comes to determining what 
is worth paying attention to [15]. 
Cartoons/comics can be used in situations when 
information is communicated by "image" peers. 
Students, having the habit of searching 
information they need in their private lives 
through ITC, refuse rote learning. They feel that 
everything can be found on the Internet, it is not 
necessary to remember facts. They refuse to read 
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long texts and prefer visual stimuli. These 
requirements are fully met in cartoons/comics 
that contain short messages set in meaningful 
contexts created by specific images. According 
to researches, students acquire abstract concepts 
better if they use cartoons/comics instead of 
conventional textbooks [9].  
The Net Generation members express themselves 
easily through images. This can motivate active 
involvement of students in creation of 
cartoons/comics. This activity can lead to 
spontaneous acquisition of scientific knowledge 
and skills of scientific communication [16]. 
Students must study necessary information when 
creating texts inserted into "speech balloons" and 
they must formulate short meaningful and 
scientifically correct statements. Students’ own 
work with cartoons/comics could help them 
improve their problem-solving tasks that require 
the application of new knowledge in unusual 
situations and problems of working with 
information. It is very difficult for some students 
to find necessary information in the text, evaluate 
critically, formulate their own opinions and draw 
right conclusions [19]. They often do not even 
know what information to find for a right task 
solution. The above mentioned problems are 
probably related to deficiencies in students’ 
science thinking (science literacy). We can say 
that this is a core problem when students fail to 
solve tasks that require deeper understanding of 
subject concepts, principles and methods and 
they expect flexible application of knowledge 
acquired in different contexts [22]. They cannot 
do without professionally correct and reasonable 
argumentative skills even when processing texts 
based on daily issues. When creating 
cartoons/comics students connect quite naturally 
different situations of everyday life with 
scientific issues, learn to argue using 
professional terminology and create right ideas 
of discussed natural objects and phenomena. 

3 Classifications of educational science 
cartoon/comics 

A cartoon is a two-dimensional work of art that 
is not usually realistic or it is only partially 
realistic. Its purpose is usually caricature and 
humour used primarily for entertainment. 
Historically, cartoons evolved from a single 
image a "single-panel cartoon." This form has 
remained, especially as a satirical drawing in 
newspapers and magazines. Cartoons contain an 
image component and often a text component, 

usually inscribed in a speech balloon that comes 
out of character’s mouth. The text can also be 
written in a box inside the panel or under the 
panel frame. Combining two or more cartoons in 
a series, connected by the same idea or story, 
forms comics. The term comics came from the 
English word "comic-strip" which can be 
translated as a strip of comic images. An image 
is called a panel. Images, possibly with 
accompanying text, are organized one after 
another, creating a story. There are also comics 
without text. If the comic is short, which means 
it contains 2-5 panels arranged in a strip, it is 
called a strip. 
Various types of cartoons/comics differ in many 
features and the main difference is their content. 
We are going to pay attention only to 
cartoons/comics with science content that are 
going to be referred to as science 
cartoons/comics (hereafter SCC). Many SCC can 
be used in science education, and they are 
referred to as educational SCC (hereafter ESCC). 
If we want to use ESCC in teaching 
systematically, they must be created 
intentionally. Several experts and companies in 
the world have already started creating ECCS. 
These authors of ESCC use different forms of 
representation, which leads to different use in 
teaching/learning. Let us outline some types of 
ESCC. 

3.1 Educational science cartoons 

The simplest ESCC are educational science 
cartoons, which take the form of a single panel. 
They do not differ from traditional illustrations 
much, but their characteristic features are satire, 
irony and humour. Their basic characteristic is 
the fact that the main information medium is an 
image and text may be absent or only 
accompanies this image. Figure 1 can serve as an 
example. 

3.2 Scientoons 

P. K. Srivastava [21] also uses only one panel 
when creating "scientoons", which has 
continuous text on one side, explaining depicted 
science issues simply and briefly. There is 
accompanying text under the picture, related to 
the situation shown (see Figure 2). 
This kind of ESCC serves as motivation to study 
or as an incentive to stimulate discussion about 
the depicted issues. The combination of 
figurative representation and description of a 
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on the Internet for creation of your own ESCC. It 
is advisable to involve students in the creation of 
ESCC who can not only acquire scientific 
knowledge and skills, but also develop 
interdisciplinary relations, because students 
apply knowledge and skills from Czech 
language, Art, ICT and very often English 
language. 

5. Benefits and risks of educational science 
cartoons/comics 

ESCC similarly to any other teaching method has 
benefits and risks. A great benefit is considered a 
strong motivational incentive of ESCC, which 
may be weakened by excessive and improper 
implementation of ESCC in teaching/learning. It 
is also necessary to consider the content selection 
for ESCC creation carefully, because you cannot 
transform any topic into the ESCC form. The 
following Table 1 combines benefits and risks 
associated with the use of ESCC in science 
teaching/learning. Risks include measures how to 
minimize them. 

Benefits Risks 
Great motivating 
potential 
 

 

Excessive usage, 
inappropriate choice of 
content and inappropriate 
usage in lessons reduces 
motivational effects 

Short concise texts 
suitable for the current 
Net generation that 
refuses to read long texts 
 

Shortening and 
simplifying of texts may 
result in ambiguous and 
scientifically inaccurate 
statements. 
If students do not create 
ESCC themselves and are 
not forced to seek and 
process information, skills 
for working with text and 
reading literacy are not 
developed. 

Putting subject matters 
into meaningful contexts 

Fixation of a phenomenon 
and its solution in a given 
situation associated with 
the phenomenon in ESCC. 
Students can mismatch a 
particular situation shown 
in ESCC with the 
observed phenomenon or 
concept and they will not 
be able to match it with 
other conditions. 
Therefore, ESCC should 
include various alternative 
presentations of issues to 

Visualization of issues - 
images representing 
issues to be solved 
Identifying and removing 
misconceptions 

avoid misconceptions.  
Interdisciplinary 
approach - using science 
knowledge and skills, 
mother language, art, ITC 
and very often English 

Students can consider 
requirement for 
interdisciplinary skills an 
obstacle. However, it can 
be solved by appropriate 
guidance and help of the 
teacher and the choice of 
an adequate level of ESCC 
assignment.  

A significant part of 
informal education, 
whether in the form of 
printed materials, or 
interactive materials on 
the website 
 

Wrong processing of 
ESCC (text simplification 
leading to confusion and 
errors) without feedback 
of acquired outcome can 
lead to fixation of 
incorrect explanations and 
misconceptions. 
Prevention is respecting 
principles of ESCC 
creation and presenting 
alternative views on 
issues, which can help to 
identify possible 
misunderstanding and 
teach students to 
distinguish between the 
alternatives. It is necessary 
to combine ESCC with 
other teaching methods 
and tools. 

Support of constructivist 
teaching approach - 
students acquire 
knowledge of natural 
phenomena based on 
gradual inquiry enabled 
by depicted situations, 
they do not accept only 
complete knowledge  

Table1. Benefits and risks of using ESCC  

6. Conclusions 

According to several surveys, ESCC are very 
popular with students. Their use in science 
teaching/learning does not mean solving all the 
problems currently faced by science teachers. It 
is another possibility how to increase students' 
interest in scientific issues and appropriate 
implementation in lessons can help to detect and 
correct some misconceptions, deepen 
understanding of natural phenomena and 
increase the competence of students in problem 
solving and communication. ESCC is a big issue 
and, in our opinion, not very well-known, so it 
should be included in the continuous professional 
development of science teachers. 
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Abstract. Not only student's experiments are 
very important for science education, but 
demonstration experiments have got an 
important role as well. Constructivist approach 
to teaching/learning science promotes students' 
experimentation because of more shares of 
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student activity and inquiry. Thus does a 
demonstration experiment have a place in 
today's science teaching/learning? In our 
opinion, demonstration experiments belong to 
science education. Our study presents examples 
of appropriate methods of implementation of 
demonstration experiments in science education. 
The appropriate inclusion of the demonstration 
experiment in science education may help to 
better understand the nature of experiments and 
to increase required educational objectives. 

Keywords. Constructivism, demonstration 
experiment, science education 

1. Introduction 

Experiments are one of the most important 
motivational factors in science education [18]. In 
spite of that, students´ and demonstration 
experiments are underused in many countries 
(including the Czech Republic) [19]. The PISA 
survey 2006 [17] showed that the question 
"whether teachers show students demonstration 
experiments", was responded positively by only 
19 % of respondents from the Czech Republic, 
while the OECD average was 34 % and the most 
positive responses (52 %) came from German 
respondents. In addition, 36 % of Czech students 
answered the question with "never" or "almost 
never". The situation is even worse with students' 
experiments, because the question "whether 
students perform practical experiments in the 
lab," was responded positively by only 9% of 
respondents from the Czech Republic, while the 
OECD average was 22 % and Danish students 
stated 61 %. A similar negative result of this 
research came with the question "whether the 
teacher wants students to suggest how scientific 
questions could be examined in the laboratory." 
This question was answered positively by only 
10 % of respondents from the Czech Republic, 
the OECD average was 22 % and the most 
positive responses of 51 % were reported by 
respondents from Denmark. 
Experiments have an irreplaceable role in science 
teaching/learning from the perspective of 
constructivist learning theory. It stresses the 
importance of students´ experimentation, which 
is the basis of students´ higher activity, and their 
active creation of knowledge and skill 
acquisition. Demonstration experiments 
conducted by teachers are in the background of 
interest and are not given adequate attention. It is 
essential to determine if a demonstration 

experiment has its place in contemporary 
constructivist science education. It is necessary 
to analyze its advantages and disadvantages and 
modify the methodical application of a 
demonstration experiment in constructivist 
teaching/learning. Permanent significance of 
demonstration experiments has been indicated in 
studies showing that students remember 
interesting and appropriate demonstration 
experiments implemented in instruction more 
easily than students´ experiments performed 
exactly as directed ([6],[7]). 

2. History of school experimentation 

First experiments were part of science 
teaching/learning at universities, already at the 
beginning of the nineteenth century. For 
example, the first laboratory instruction in 
chemistry in the UK was founded in 1807 by T. 
Thomson at the University of Edinburgh ([15], 
[16]). This approach was gradually reflected in 
teaching/learning at primary and secondary 
schools. It was considered necessary in England 
to allow students to perform students´ 
experiments in the late 19th century. In 1899, 
experimentation was established as a basic 
requirement for teaching science at most schools 
in England [5]. At that time, hands-on activities 
played a crucial role in confirming theory. 
The effectiveness of science education through 
practical students' activities was also doubted. 
That caused the first discussions about the 
relationship between students´ and demonstration 
experiments. For example, a hundred years ago 
Armstrong spoke in favour of students´ 
experimentation, which he preferred to 
demonstration experiments carried out by 
teachers [6]. However, students´ experiments 
that were time consuming and expensive, were 
often mere routine activities performed exactly 
as directed and did not bring the expected results 
([6], [7]). Therefore, in the 1930s in Britain, and 
similarly in the world, more attention was paid to 
demonstration experiments [7]. 
The discussion about the importance of students´ 
and demonstration experimentation has 
continued. Today, a number of studies have dealt 
with the effectiveness of practical students’ 
activities in relation to achieving educational 
goals [10]. The significance of demonstration 
experiments, their effectiveness and proper 
implementation in instruction have been 
discussed by a number of authors ([3], [12], [2], 
and [21]). They are no evident research results 
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demonstrating a clear relationship between 
students´ experience of experimentation 
(especially in laboratories) and their learning 
([7], [1], [4], [9], [8], and [14]). 

3. Applications of students’ and 
demonstration experimentation 

We conducted empirical research of students´ 
and demonstration experiments in science 
instruction. We used a video-study method. It is 
based on analysis of a video-recorded lesson. 
This method developed in the world in the 1990s 
in relation to TIMSS researches. The video-study 
we used was developed at university education 
centres in Germany (Kiel) and Switzerland 
(Zurich and Bern) and adjusted at our workplace 
[11]. We used video-recorded physics lessons 
taken at 12 lower secondary schools with 
students aged 13-14 and 13 physics teachers in 
2004/5. 62 video-recorded lessons focused on the 
topics: composing forces (27 videos) and 
electrical circuit (35 videos). They included 119 
(composition of forces) and 106 (electrical 
circuit) experiments. Frequency distribution of 
the experiments is shown in Figure 1. 

 

Figure 1. The frequency of demonstration and 
students’ experiments in physics education 

We have come to the conclusion in our research 
that the vast majority of presented experiments 
for both topics were experiments carried out by 
teachers (75 % and 70 %). What was positive 
was a relatively high proportion of demonstration 
experiments performed by students (17 % and 11 

%). Teachers conducted students´ experiments in 
groups of students (8 % and 19 %). Individual 
students´ experiments were missing, as they were 
partly included in following individual 
laboratory works. 
Our research and TIMSS research have shown 
that demonstration experiments predominate in 
science teaching at Czech schools. Through 
constructivist learning students´ experiments are 
supported. This approach prefers students´ 
activity which opens space for searching, inquiry 
and knowledge and skill acquisition. 
Experiments connect theory with practice and 
help students understand phenomena and laws. 
Teachers often fail to explain how the connection 
occurs and misbelieve that it occurs 
automatically during students´ practical 
activities. 
The reason why it is necessary to pay attention to 
not only students´ but also demonstration 
experiments in research is a high proportion of 
demonstration experiments. Some authors [7] ask 
the question what students´ activity is developed 
if they work according to precise instructions and 
passively fill in obtained data in prepared charts 
and relationships in worksheets. Such activity 
does not contribute to active knowledge, because 
sometimes students do not know what they do 
and why. 
Each experiment, if properly planned and 
implemented, plays a vital role in understanding 
natural phenomena. It is necessary especially for 
younger students to integrate experiments into 
lessons because their thinking is closely 
connected with material activity and object 
handling. Students can understand relationships 
between phenomena better. They gradually 
acquire knowledge and its arrangement in the 
system. This method of learning does not create 
isolated concepts, for which it is very difficult to 
determine their essential characteristics, making 
it difficult for students to characterize, 
understand and classify them in the structure of 
acquired knowledge and skills. The best way 
how to achieve this is through students´ own 
practical, explorative and experimental 
experience [13]. 
The result of our experience and design-based 
research is the conclusion that marginal 
demonstration experiments play an important 
role in constructivist teaching/learning. It is 
highly important for students to acquire essential 
skills under the guidance of teachers, skills they 
need for their own meaningful experimentation. 
These include the ability to observe consistently 
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and accurately, to use the apparatus correctly, to 
measure, build and test hypotheses of observed 
phenomena, to analyze results of experiments 
and draw conclusions. Students learn how to 
identify causes of natural processes, connections 
and relationships between them, to ask questions 
(How? Why? What happens if?) and to search 
for answers, to explain observed phenomena, to 
look for and solve cognitive or practical 
problems, to understand the importance of 
learning regularities of natural processes in order 
to predict or influence them. 
Demonstration experiments have a completely 
irreplaceable role in the demonstration of 
dangerous phenomena and materials such as 
chemicals, fire, boiling water, electricity, etc. 
Many experiments are difficult to implement 
(Brownian motion, etc.), they last long (plant 
growth, etc.) or are economically difficult 
(expensive chemicals, etc.). 

4. Advantages and disadvantages of 
demonstration experiments 

We can find advantages and disadvantages of 
demonstration experiments in factor analysis. We 
have focused on some of them. 
Demonstration experiments are performed by 
teachers individually or in cooperation with one 
or more students, in front of the whole class. The 
advantage is that all students have the 
opportunity to observe the experiment in 
progress intently and at the same time. 
Therefore, it is usually less expensive and time-
consuming than students´ experiments. The 
teacher can significantly affect students´ 
attention focused on a particular part of the 
experiment, which could be disturbed by a 
strong, but less significant stimulus if performing 
students´ experiments. 
The biggest drawback of demonstration 
experiments is reduced activity of students and 
limited perception of experiment through more 
senses. According to the findings of C. Wieman, 
Nobel Laureate in Physics, passive observation 
of a demonstration experiment has educational 
effects similar to experiments not seen at all [20]. 
Therefore, students need to be activated for 
demonstration experiments. 

5. Methods of implementation of 
demonstration experiments 

Using design-based research, we have come to a 
few principles of implementation of 

demonstration experiments in science 
teaching/learning. 

5.1 Emphasis on the objective of 
demonstration experiments 

Teachers must state a clear educational goal they 
want to achieve through a demonstration 
experiment. Regarding initial motivation, a 
surprising experiment is enough. If the 
educational goal is developing skills associated 
with experimentation such as designing 
experiments, setting up the experimental 
apparatus, predicting results, analyzing and 
presenting outcomes of the experiment and 
drawing conclusions, the teacher should define 
appropriate involvement of students in the 
implementation of demonstration experiments. 

5.2 Controlled observation of 
demonstration experiments 

When performing a demonstration experiment it 
is very important for the teacher to distinguish 
between mere perception (i.e. passive perception 
of stimuli from the environment) and observation 
(i.e. intentional and active perception of stimuli 
from the environment directly connected with 
mental activity) with respect to age and 
individual characteristics of students. When 
preparing a demonstration experiment the 
teacher must consider how to achieve the best 
students´ controlled observation.  
The major activities of the teacher include: 
(a) Determining the exact target of observation 
(students must know exactly what, how and why 
they are observing on experiment). 
(b) Teaching students how and what to observe, 
what to notice and in what order. 
(c) Establishing appropriate observation tasks 
(neither too easy nor too difficult - with respect 
to age and individual characteristics of students). 
(d) Connecting observation with comments, 
verbal description of the observed object or 
phenomenon. 
(e) Encouraging students to be consistent, 
independent and patient and to develop a set of 
needed students’ communication skills. 
(f) Summarizing observations and drawing 
conclusions (the emphasis is put on essential 
characteristics). 
(g) Drawing students´ attention (adequate 
duration of the experiment, stimulating students´ 
attention with questions, etc.). 
(h) Making sure the experiment can be observed 
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by all students in the classroom. 
Controlled observation and comments on the 
ongoing experiment allow students to create right 
ideas about presented phenomena and object 
features. Compared with students´ experiments 
the teacher can check more efficiently whether 
students draw right conclusions. 

5.3 Development of students´ thinking and 
creativity in demonstration experiment 

Observation is of great importance for 
understanding objects, phenomena and their 
laws. Observation results are often an important 
starting point and foundation of students´ 
knowledge and skills. Proper implementation of 
experiments can serve as a model for students to 
develop independent activity and creativity. 
Students may participate in designing the 
experimental apparatus and in the procedure for 
the implementation of the demonstration 
experiment. What worked in practice was 
dividing students into groups, each of which 
suggested their own procedure for the 
experiment implementation. The teacher can 
control the discussion among groups, correct 
misconceptions and verify whether students 
know functions of equipment and instruments. 
Another good activity is predicting the progress 
and outcomes of the experiment. First, students 
create and record their own opinions of how the 
experiment should develop and why. Then they 
consult their opinions with peers in the group. 
This leads to required confrontation of students’ 
concepts. The teacher presenting individual 
groups can specify students´ ideas, reveal any 
misconceptions and correct them. He/she can 
also add missing information. When performing 
experiments students confront their ideas with 
the real progress of the experiment. After it has 
been finished, students first discuss the results in 
groups. They compare their assumptions with 
reality. After that, each group presents their 
findings. The degree of teacher’s involvement is 
given by the level of students’ knowledge and 
skills. The teacher can monitor whether students 
know what has happened in the experiment and 
why, and check the level of educational 
outcomes. 
At a low level of knowledge students can only be 
involved in anticipating the progress of the 
experiment and it is explained after the 
implementation by the teacher himself/herself. It 
is always advisable to let students express their 
opinion so that the teacher could reveal whether 

they understand the presented phenomenon 
correctly. Such students’ involvement 
corresponds with constructivist teaching/learning 
fully and minimizes differences between 
students’ and demonstration experiments. 
According to research [10], students are 
motivated by such activities more than by 
laboratory works, which often limit activity. 

6. Example of the implementation of the 
demonstration experiment 

An example of suitable implementation of the 
demonstration experiment is preparation and 
collection of carbon dioxide CO2 in different 
liquids when students verify its properties.  

Carbon dioxide (instruction for the experiment): 
Set up 3 gas collection apparatuses using the 
picture below as a guideline. Pour into the 
separation funnel 20 cm3 of 10% hydrochloric 
acid HCl solution and put into the distilling flask 
3 g of sodium carbonate Na2CO3. The graduated 
cylinder filled to the brim with selected liquid 
(water or lime water or saturated solution of 
NaCl) shut with stopper, dip under the same 
liquid in the glass tub and after it open again. 
Slowly drop by drop add from the separation 
funnel HCl, which immediately reacts with 
Na2CO3 to give a colourless gas CO2 that 
collects in the graduated cylinder. Observe and 
compare reactions in each apparatus and 
explain (see Figure 2). 

Figure 2. Preparation and collection of CO2 

6.1 Emphasis on the objective of the CO2 

demonstration experiment 

The aim of this demonstration experiment is 
students´ knowledge and skills: 
(a) To come up with a chemical reaction that can 
be used for preparation of CO2 and to write it 
down in the form of chemical equations. 
The following chemical reaction was suggested 
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for the presented demonstration experiment: 
Na2CO3 + 2 HCl → 2 NaCl + CO2 + H2O 
(b) To suggest how to prepare CO2 using 
substances that are common at home. 
One possibility is the reaction of sodium 
bicarbonate and vinegar. 
(c) To predict and justify the progress of 
chemical reactions based on the knowledge of 
CO2 properties.  
Students predict the reactions in individual 
apparatuses and justify their suggestions based 
on CO2 properties, which is soluble in water and 
it is acidic oxide. Therefore, the reactions 
occurring in the individual apparatuses, where 
CO2 is collected in different liquids, are 
different. 

6.2 Controlled observation of the CO2 

demonstration experiment 

The teacher shows students three different 
liquids: water, calcium hydroxide or lime water 
and saturated solution of sodium chloride into 
which carbon dioxide will be implemented. The 
teacher makes students watch the change of the 
colour, coagulation and changes in the volume of 
liquids in graduated cylinders during the course 
of the reactions. Such controlled observation 
makes students understand the differences 
between the reactions. 

6.3 Development of students’ thinking and 
creativity in the CO2 demonstration 
experiment 

Students had the opportunity to participate in the 
preparation of CO2, they did not follow passively 
what chemical compounds the teacher used and 
they could influence the choice actively. The 
course of reactions was observed with more 
interest, because students wanted to verify the 
accuracy of their predictions about the course of 
the reactions. The teacher presents the 
demonstration experiment and comments on the 
course of the reactions, highlights significant 
moments (or can let students comment).  
The teacher’s comment during the experiment: - 
If water has been used, CO2 dissolves in water 
partially, but the remaining CO2 extrudes water 
from the cylinder and accumulates in it. The 
volume of the liquid in the cylinder is reduced.- If 
lime water has been used, it reacts with CO2 to 
form milky colour caused by insoluble CaCO3. 
Carbon dioxide reacts with Ca (OH)2 in the 

cylinder and the glass tub and extrudes it. The 
volume of the liquid in the cylinder remains 
unchanged (or changes very little). Mixing pure 
carbon dioxide with lime water makes the lime 
water milky white in moments. This chemical 
reaction (sometimes called lime water test) is 
used to detect the presence of CO2.  
- In case of saturated solution of NaCl all the 
liquid is extruded from the cylinder because CO2 
does not react with NaCl solution and it is not 
soluble in it. If students can calculate the amount 
of produced CO2, they can verify whether the 
volume produced during the reaction 
corresponds to reality and compare with the 
alternative when CO2 was collected into water. 
Students compare their assumptions with the 
actual course of the reaction and the correct 
explanation of the reaction. During this 
confrontation, the students understand the 
relationship between theoretical knowledge 
about CO2 and practical experience. Students can 
repeat individual reactions as their students´ 
experiments and they will know what they are 
doing and why in experimentation. 

7. Conclusions 

Demonstration experiments are considered 
classical but also modern ways of science 
teaching/learning. Their effectiveness is 
sometimes unfairly questioned in the context of 
constructivist learning approach. As our 
researches and experience have proved the 
demonstration experiment, when suitably 
implemented and activating students, is a very 
good way to develop students´ knowledge, skills 
and interests. 
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Abstract. Interactive exhibits and science toys 
are the basic means of hands-on science 
education. They can readily be applied at science 
lessons at primary and secondary schools and 
this way they make the lessons attractive and 
enjoyable for children. Therefore we use science 
toys and simple interactive exhibits in various 
subjects in chemistry teachers’ education. Our 
students are trained to create their own scientific 
toys. This presentation shows some of the 
interactive teaching tools used at lessons of 
Physics for Chemists, Physical Chemistry and 
Science Communication as well as some of the 
scientific toys our students have constructed and 
applied in their lessons. 
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1. Introduction 

The 1980s are associated with creation and 
opening of many science centres in Europe. 
Wikipedia defines Science centre as “a science 
museum that emphasizes a hands-on approach, 
featuring interactive exhibits that encourage 
visitors to experiment and explore.” 
(http://en.wikipedia.org/wiki/Science_center).  
Hands-on approach means “learning by doing” 
or “school by play”. Small interactive exhibits 
can be found in science shops as science or 
scientific toys.  

2. Which toys are scientific? 

Science toys or scientfic toys can be defined as 
toys or games, for playing or manipulation with 
which you need logical reasoning. Such toys 
include various jigsaw puzzles or brain teasers. 
Recent discussion games DeMOCs involved in 
the PlayDecide project can be considered as 
scientific games. 
In more precise meaning science toys are things 
(intended for playing, or with which you can 
play) manipulation with which demonstrates 
various physical principles, or which use various 
physical or physico-chemical properties of the 
material, which they are made of/from. E. g., 
toys that change colour with temperature change 
or mechanical toys that use unusual position of 
the centre of gravity. Other toys use non-mixable 
liquids, liquids with high viscosity, or “magnetic 
liquids”. Typical scientific toy is the glass bird 
(filled with volatile methylene chloride) 
apparently forever drinking from a cup with 
water or the well-known Cartesian diver. 
The common quality of scientific toys is the 
motivation for inquiry – stimulation of curiosity, 
asking questions, and searching for answers to 
questions. Questions like these: Why does the 
toy work this way? Which properties of the toy 
determine its typical behaviour? Using a toy at 
school lessons offers further questions: Which 
physical principles are applied during the play? 
Which physical properties are characteristic for 
the toy? Manipulation (playing) with the toy 
leads to further questions: Does the toy behave 
always the same way? How do external 
conditions influence this behaviour? Can we 
predict the behaviour of the toy another time? [1] 

3. Scientific toys in Physics for Chemists 

Future chemistry teachers meet the interactive 
teaching tools for the first time at seminars of 
Physics for Chemists.  
Physics for Chemists (beside repetition of some 
basic physical topics (mechanics, electricity)) is 
devoted to those parts of physics that deal with 
physical properties of substances, especially in 
liquid phase. 
Other parts deal with electromagnetic radiation 
and with optical properties – absorption and 
refraction of light, polarisation of light and 
optical activity of chiral compounds.  

3.1 Mechanical properties of liquids  

Since buoyancy is one of the most 
characteristic properties of liquids, 
the first scientific toy introduced to 
our students is the Cartesian diver 
prepared in various ways and sizes. 
Other toy that demonstrates the 
relation of gravitation and 
buoyancy is made of four test 
tubes, filled with four different 
solutions of ethanol and water. The 

test tubes also contain polyethylene granules of 
three colours. Densities of the granules and of 
the solutions closely vary around 0.94 g cm–3. 
Therefore after turning the tubes upside – down 
the granules move and divide according to 
relation of their density (increasing in the order 
black → yellow → green) and density of the 
solutions. In the first test tube all granules are 
lighter, in the second only two colours go 
upwards, in the third only the black granules 
remain on the top, and in the fourth test tube all 
granule have higher density than the solution and 
so they fall down 
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Another important physical property of liquids is 
viscosity, caused by internal friction. Three 
different forces influence a ball falling in a 
liquid: gravitation, buoyancy and internal 
friction. The difference between gravitational 
force and buoyancy makes the ball to move. The 
third – frictional Stokes force – increases with 
increasing velocity. In a short time the sum of the 
forces equals zero. Since then the ball moves 
with constant velocity (uniform motion). This 
result holds both for heavy steel balls and for 
light air bubbles. (Air bubbles are spherical due 
to surface tension.) We demonstrate this 
phenomenon in test tubes filled with viscous oil  

 

(the movement of the liquid must remain 
laminar). In a toy with four test tubes we can 
demonstrate, that the velocity of the moving 
particle is proportional to its size (v ≈ r2) and 
therefore bigger balls (or bigger bubbles) move 
faster (except the biggest one that is slowed by 
the wall of the tube). 

My favourite science toy 
remains the “bubble 
machine” that makes 
uniform air bubbles that 
move in the test tube 
through the oil upwards 
with constant velocity.  

3.2 Optical properties of 
liquids 

Liquids are mostly 
transparent, so they provide good medium for 
demonstration of various optical properties. The 
first of them we mention is the absorption of 
light. There are many well-known science toys 
presenting additive or subtractive mixing of 
colours (three torches with red – green – blue 
colour light, small flywheels with three colours). 
Very useful instrument helping to explain the 
colour of things is the small school spectrometer 

V-SPEC that enables to see that the blue vitriol 
(CuSO4) is blue because it absorbs red light or 
that phenolphthalein is pink due to its absorption 
peak in green region of spectrum.  
If you have a colourless transparent object, you 
can´t see it if it doesn´t refract light. So if you put 
a glass thing (a flask or a rod) in a liquid with the 
same refractive index, you will not see it. The 
viscous glycerol is often used for this purpose. 
Another liquid with the proper refractive index 
(approximately 1.47) can be prepared of toluene 
with a small amount of ethanol. 

 

A test tube filled with water can serve as a nice 
science toy as it magnifies the view only in one 
dimension. 

 

When we turn this test tube with water 
approximately 30 cm before a sheet, we shall see 
the image in the test tube turning with double 
velocity: 
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If we turn the paper, the image in the test tube 
turns in the opposite direction.  
A distillation flask and a glass aquarium enable 
you to show that one object can serve both as 
magnifying (if you pour water in the flask) and a 
reducing lens (if you insert empty flask in the 
aquarium with water).  

 

Polarisation of light is one of its properties that 
we meet daily. We use LCD in all our digital 
equipment. Thanks to thin foils that polarise light 
we use glasses with polarisation filters to protect 
our eyes form the reflected light (which is 
polarised too). Polarimeters serve to study of 
optically active compounds (compounds that turn 
the polarisation plane to the right or left side). 
Thanks to thin polarisation foils, we don´t need 
nicol prisms to polarise light. We can 
demonstrate action of two and three polarisation 
filters. Polarisation foils make visible inner 
structure of many transparent objects since the 
angle of rotation depends on the wavelength of 
the light. (This phenomenon is called 
photoelasticity). 

 

Two perpendicularly oriented polarisation foils 
don´t let to pass any light through. If you insert 
between them a third foil, the light will pass 
through – and you will need knowledge of 
quantum mechanics to explain it. 

4. A chemical scientific toy  

Chemical equilibrium and Le Chatelier's 
Principle meet with many students' 

misconceptions. This principle 
says that “If a chemical system 
at equilibrium experiences a 
change in conditions 
(concentration, temperature, or 
pressure), then the equilibrium 
shifts to counteract the 
imposed change and a new 
equilibrium is established”. 
Solutions of cobalt chloride in 
ethanol – water mixtures 
enable to prepare simple tools 
that help to explain Le 
Chatelier's Principle. The 
solution of CoCl2 in water is 
pink, but in ethanol it is blue. 
We can describe the 
equilibrium system by this 

equation: 

[Co(H2O)6]
2+(aq) + 4 Cl-(aq)   

   [CoCl4]
2-(aq) + 6 H20(l) ΔH = +50 kJ/mol 

Pink solution  Blue solution 

The forward reaction is endothermic, 
thus heating will change the pink 
solution to blue. This system is often 
used to demonstrate influence of heat 
and concentration on the composition 
of reaction mixture at chemical 
equilibrium. 
It is possible to prepare CoCl2 
solutions with different proportion of 
water and ethanol into test tubes. 
This way we get systems in which 
the colour change occurs at different 
temperatures. When we put such test 
tube with blue solution into a bath 
with cold water, the solution in the cold bottom 
part of the test tube will turn pink. Heating pink 
solution with higher water content will turn it 
blue (then the lighter warm blue solution will rise 
up in the test tube). 
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4. Scientific toys prepared by future 
chemistry teachers 

Science communication is a subject involved in 
undergraduate chemistry teachers’ education. 
Science, relation of science and society, 
scientific and technological literacy of the public, 
formal and non-formal science education, 
importance and methods of mutual communicat-
ion of scientists with the public, institutions of 
non-formal science education, interactive science 
exhibitions, and creation of science toys are the 
main topics of science communication. The last 
task for the students is to create a scientific toy. 
In recent years our students (for the lessons of 
science communication and during realisation of 
diploma thesis) have prepared and demonstrated 
various toys, including kaleidoscope, periscope, 
spectroscope [2], man powered electrical engine, 
or inclined plane for a playful study of friction of 
variopus materials on various surfaces[3]. 
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Abstract. Faculty of Science, P. J. Šafárik 
University in Košice is a partner of the 7th FP 
project ESTABLISH (European Science and 
Technology in Action: Building Links with 
Industry, Schools and Home). How to implement 
inquiry based science education at school is 
presented at the Institute of Biology and Ecology 
where courses for pre-service and in-service 
Biology teachers take place. After 16 lessons of 
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theoretical education and after practical 
application of this teaching-learning method in 
classes, teachers present their own ideas of 
inquiry based teaching activities. 
In this paper we present some of the ideas and 
examples of challenging questions, which can be 
even tasks for students to find answers by 
different levels of inquiry. They can carry out 
short exploration at school or produce an output 
in the form of a complete project. Pre- and post-
test were administered before and after the 
course. Our aim was to map the views of the 
teachers on active inquiry as a learning method 
for biology. The result does not justify 
statistically acceptable conclusions yet, since the 
courses completed only a small number of 
selected future teachers (36) and in-service 
teachers (24). We provide here just some 
examples of the responses, which show that this 
view is slowly changing under the influence of 
experience and education. 

Keywords. Biology. Inquiry based science 
education. Teacher preparation.  

1. Introduction 

In recent times, the European Union has devoted 
efforts and considerable resources to support 
teaching and learning science. The reason for this 
problem is the decline in interest in the study of 
technical and scientific fields. PISA studies show 
that our pupils have acquired a large amount of 
theoretical knowledge. However, they cannot 
prove logical thinking and assessment of science 
phenomena, and to examine them at the 
appropriate mental level, generate hypotheses, 
find and propose solutions to interpret data. They 
have a problem with formulating arguments and 
conclusions. 
Today, in the European area, there is a number of 
international projects aimed at the 
implementation of methods for learning natural 
science research and discovery. One of them is 
the 7th Framework Programme project 
ESTABLISH, (European Science and 
Technology in Action Building Links with 
Industry, Schools and Home). Within this 
project, new materials including methodic guide 
to teach physics, chemistry, biology and 
technology on inquiry basis are being prepared. 
Inquiry based teaching means changing the way 
of teaching science and transformation of 
thinking at schools in Europe. Support for 
activity based and experiential learning is 

important for the development of creativity and 
problem-solving abilities. Deeper understanding 
of the natural sciences is more than a mere 
knowledge of facts it pursues the objective of 
developing critical thinking of students. 

2. Inquiry based teaching 

According to Linn et al. [2] inquiry is a 
purposeful process of formulating problems, 
critical experimentation, assessment of 
alternatives, investigation, verification, inferring 
information retrieval, modelling of processes, 
discussions with others and forming coherent 
arguments. It is a strategy model for teaching and 
educational process. In implementing the 
inquiry-oriented teaching, the teacher builds 
knowledge-system of pupils via questioning 
(talking-education), and through addressing a 
problem. The teacher leads the student to work 
similar to what is common in real research: to 
discover the problem, to formulate hypotheses, to 
found the methodology, to design procedure and 
obtain solutions. In this process, students are not 
only listening to the arguments of the teacher 
about how things work in the nature. They 
discuss, argue and formulate conclusions alone 
and actively acquire the necessary competencies, 
knowledge and communication skills. Bybee [1] 
states that inquiry is a teaching strategy as well 
as a model for educational practice.  
When teaching, we can distinguish different 
degrees of scholarly activity, depending on the 
degree of involvement of the pupil or teacher as 
well as the degree of support for teaching 
materials. Wenning [3] distinguishes different 
grades of research: 
Interactive demonstration - the teacher when 
manipulating with scientific instruments - put 
interactive questions such as "what happens", 
"how (why) something could happen". Answers 
and explanations are formulated by pupils alone. 
Guided discovery - the role of the teacher is the 
same as for interactive demonstrations but pupils 
carry out the experiment. It is a traditional 
laboratory work that follows step by step 
instructions.  
Guided inquiry - students work in teams on their 
own experiment. The teacher formulates a 
problem and gives the goal: "Find..."," 
Determine..." etc. The conclusions are based 
solely on the work of students. They get only a 
laboratory instruction and a set of guiding 
questions. 
Bounded inquiry - is similar, but the students are 
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expected to design an experiment themselves. It 
takes place with minimally or no intervention of 
the teacher. The research problem is provided by 
the teacher. Students are responsible for the 
design and implementation of the experiment. It 
is usually necessary before the partial orientation 
in laboratory, where students have little 
experience. 
Open inquiry - students are expected to find a 
problem, formulate their own research question 
within the context of the theme, and design an 
experiment to verify the hypothesis. 
ESTABLISH project aims to facilitate 
innovations in classroom practice through the 
involvement of different inquiry level in the 
development of teaching and learning units. 
Created units - with appropriate support for both 
in-service and pre-service teachers - help to 
implement Inquiry Based Science Education 
(IBSE) in our country.  

3. Method 

Pre-service biology teachers completed a course 
focused on IBSE at the Faculty of Science at P.J. 
Šafárik University in Košice. This course was 
realized at master study level, in the fall semester 
within 16 hours. Students also participated at the 
teacher training practice at secondary level of 
school after this course. Sample size consisted of 
36 pre-service teachers. Before we started the 
training, a pre-test had been administered, and 
after the teacher training practice, the future 
biology teachers completed a post-test 
questionnaire. The questionnaires were 
developed for the ESTABLISH project (Teacher 
Profiling 2012). The pre-test has 5 parts: Section 
A Background information, Section B My views 
of inquiry (7 questions), Section C Attitudes and 
views toward science and science teaching (21 
questions), Section D Teaching science (7 
questions), Section E Challenges (3 questions 
and it also contained some open ended questions. 
The post-test was the same, except Section C. 
Instead of attitudes towards science and science 
teaching it was mapping Industrial content 
knowledge (5 questions). 
A very similar, but not the same ESTABLISH 
questionnaire was administered also for in- 
service teachers. In-service teachers completed 
an IBSE course within 12 hours. The sample size 
consisted of 24 teachers.  
Because only a little number of future biology 
teachers and in-service teachers completed the 
courses at this time, it is not possible to make 

statistically acceptable conclusions yet. We 
evaluated the proportion of concordant and 
discordant responses of students on items in the 
pre- and post-test. Replies to reverse-worded 
questions were encoded that higher values reflect 
IBSE favourable responses. 
 Responses in Section E were scored in a manner 
that the factor identified by teacher first in the 
order received 3 points, second in the order 
received 2 points, and the third 1 point.  

4. Results 

Pre-service and in-service teachers were given 
the task to develop an IBSE activity on the end 
of the course according to their own ideas. The 
condition was only that the idea can be used for 
teaching of 12-18 old pupils, and respecting the 
Slovak biology state curriculum. After 12 hours 
education in which trainees were familiar with 
IBSE, and examples of activities developed for 
the ESTABLISH units were tested, they were 
able to generate a relevant idea for teaching and 
learning by inquiry. About a third of them were 
not able to formulate their own idea according 
IBSE criteria, and clearly explain for other 
teachers how to implement the idea. 
Approximately two-thirds of pre-service and in-
service teachers needed guidance, and modify 
their proposals in accordance with philosophy of 
IBSE. They find it difficult to provide students 
with their own space in order to find answers and 
solutions to problems alone, to research the 
problem and also to motivate student's 
exploration. Pre-service teachers have not had 
enough experience in their own practice 
therefore they not want to deviate much from the 
method of teaching experienced by them at 
school. 
Although selected ESTABLISH activities were 
experienced by trainees at a course in the role of 
students, they do not believed that pupils and 
students can be kept under control during 
independent inquiry, and that their pupils can 
manage such activities. Their ideas often 
remained at the level of interactive 
demonstration and guided discovery. 
Experienced in-service teachers who had the 
opportunity during the course to try IBSE at the 
classroom with their students, can point their 
ideas closer to guided, bounded and open 
inquiry. For IBSE, it is important, what kind of 
questions is the teacher asking, when his/her goal 
is to motivate the inquiry. 
We provide a few examples of graduates´ 
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question ideas, which were later completed as 
IBSE activities. 

Pre-service teachers: 

1. Try to design a tool for visually 
impaired and blind people, enabling them 
to write on the touch screen. Consider 
using touch screens (phones, tablets) and 
the use of Braille. 
2. John noticed that if he measures his 
height in the morning, it is a little more 
than in the evening. He does not know 
why, therefore, explain what might cause 
such a difference. Can you help him? 
3. Danka and Michael can not solve a 
problem. Danka argues that the eyesight of 
humans as highly organized mammals is in 
many ways better than the vision of the 
small insects. Conversely, Michael is 
convinced that just insects have improved 
eyesight. Which one is right? 
4. Find arguments and relevant 
information: The human figure is slightly 
reduced throughout life - older people are 
lower than they were in their youth. Why 
is that? 
5. Pupils will observe their pets for one 
week. Their task will be to identify and 
write down: 
- At what time does their pet get up / 
sleep? 
- What kind of food does their pet like 
more and which less? - What does the pet 
do all day? 
- How does it behave in the company of 
people? 

In-service teachers: 

1. Joe has a trouble because in the 
corner of his bedroom he discovered a big 
dark grey stain. He has no idea what it 
could be. The only information he knows 
is that it may be some fungus. How could 
he find out? What would you advise him? 
2. Take a tuning fork and vibrate it just 
a little. You do not hear the sound. Touch 
your jaw with the tuning fork and you hear 
the sound inside of your head. How is this 
possible? Why do we hear? Explain. 
3. Attach a transparent plastic bag on a 
branch with leaves and a twig stripped of 
leaves. We soon observe that water is 
condensed in the bag where the leaves 
were intact, and where the leaves were 

removed, pocket remained dry. What could 
be causing the difference? Suggest how to 
verify your assumption. 

Pre-and post-test is used within the project 
ESTABLISH for determining teacher's views of 
inquiry, of challenges in teaching inquiry, 
attitudes towards science and science teaching. 
This test has not been yet administered by 
sufficient number of respondents in Slovakia to 
draw any statistically significant conclusions. We 
have found a shift in the views of the future 
biology teachers by a simple comparison of the 
responses to the same questions in the pre and 
post-tests. 
Pre-service teachers generally think they 
understand the role of a teacher and a student in 
IBSE. They understand what inquiry teaching 
means. This belief was strengthened after the 
course. Only one student said that he/she does 
not understand.  
Most of the teachers think that inquiry takes too 
much time but it is appropriate to achieve the 
objectives of the education. This attitude did not 
change even after the course. 
Only 9 of 36 pre-service teachers thought that 
inquiry is only suitable for talented students and 
only two reported that inquiry will never become 
their method of teaching. In assessing barriers to 
the implementation of IBSE, future teachers saw 
generally difficulties according to severity in the 
following order: 

1. Lack of equipment/assistance in school 
laboratories 
2. Lack of time to implement inquiry 
3. Lack of supportive school management 
4. Curriculum constraints 
5. Limited scientific content knowledge to 
use inquiry effectively 
6. Limited knowledge of teaching by 
inquiry  
7. Assessment methods for inquiry 
8. Classroom management issues 
9. Limited knowledge of ICT as used in 
inquiry (Fig 1) 

In the post-test compared to pre-test, biology 
teachers attribute less importance to lack of 
facilities / equipment in the school laboratory, 
little time to inquiry and curricular limitation. 
Conversely, as a most important factor in post-
test they reported lack of support from school 
management, limited knowledge of the subject as 
well as efficient management of inquiry and 
limited knowledge of the learning method based 
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on exploration. 

 

Figure 1. Difficulties when implementing IBSE – 
teacher education, pre-test and post-test score 

5. Conclusions 

The significant outcomes of pre-service and in-
service teacher education focused on IBSE were 
that: 

 Teachers who were engaged in this 
programme were able to develop their 
own IBSE materials at the end of the 
course, from a starting point of 
inexperience (similar to that of students, 
future biology teachers). 
 The materials developed by teachers 
were shared amongst other participants 
and so this collection was growing. 
 Teachers naturally formed peer-
supportive clusters around particular 
scientific topics. 
 Pre- and in-service teachers 
reconsidered their view of what is the 
biggest obstacle to the implementation of 
IBSE. 
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Abstract. Bioinorganic is nowadays one of the 
main targets of Inorganic Chemistry Research.  
A single laboratory work comprising both areas, 
followed by discussion, can give students a wide 
vision of the chemical global world of today. 
Beginning by the analysis of the biological 
double role of chromium, an essential or 
carcinogenic element (oxidation states +3 or 
+6), the study of Na[CrIII(L-Cys)2] as a model 
for the intracellular formed Cr(III) species after 
Cr(VI) cellular entrance and reduction, and its 
Cr-S bond opening and closing behaviour under 
a narrow pH window (5.0-7.5), mimicking 
biological fluids, easily conducts students to 
considerations about chromium biological 
mechanisms. 
This experiment/discussion is expected to 
successful fill a hole in Secondary School or 1st 
University Year Laboratorial work, because 
combines different science disciplines. 

Keywords. Bioinorganic, chemistry-biology 
integrative laboratory experiment, chromium, 
complexes, reversible Cr-S acid hydrolysis. 
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1. Introduction 

1.1. Pedagogical framework 

A large and growing segment of students 
continue to seek for biological sciences, in the 
final years of high school and lower 
undergraduate degrees at university (first 
studying cycles of Bologna Degrees). With the 
ever-increasing emphasis on molecular 
phenomena in biology the necessity of solid 
foundations in chemistry has become well 
established. Nevertheless, most introductory 
chemistry courses devote relatively little 
attention to biological applications of this 
discipline. Similarly, the chemistry included in 
many biology courses and texts is fragmentary 
and superficial [1].  
Many strategies to develop new curricula in 
order to promote inter-disciplinarity and fulfill 
this objective have been made and put into the 
teaching field.  
For many years “integration” has been a part of 
the language describing various educational 
enhancements in chemistry and biology. The 
scope of integration spans the purposeful 
inclusion of chemistry and biology and one of 
their main targets has been single laboratory 
experiments. Other approaches to integration 
include the offering of inter-disciplinary research 
projects to 1st and 2nd year students. But cross-
disciplinary teaching is something that neither 
chemists nor biologists can do alone, which is 
perhaps the most difficult aspect of improving 
undergraduate education in the sciences [2]. 
Some few paradigmatic examples involving both 
sides contents can be cited, as for example those 
referred here which have been chosen, or just 
picked up, from The Journal of the Chemical 
Education [1-5]. Some of these studies show 
clearly the extra benefits for the students who 
have fulfilled “mixed” disciplines, or even only 
have attained inter-disciplinary practical 
laboratory classes, that is, an added-value of the 
interdisciplinarity [4,6]. 
All the literature examples under this subject 
demonstrate that the promotion of inter-
disciplinarity is connected with the nature and 
the expansion of the learning outcomes of the 
student responses and mainly to laboratory 
experiences. Students had a broader view of 
inter-disciplinary science after finishing the new 
sequence compared to their counterparts in the 
traditional chemistry or biology sequence, 
helping to strengthen ties between chemistry and 

biology disciplines. 

1.2. Scientific framework 

Cr(VI) is a known mutagen and carcinogen that 
crosses cell membranes readily through the 
transport channels of structurally similar anions, 
that is, sulfate and phosphate. Once inside the 
cell Cr(VI) is reduced, and although the nature of 
some of the resulting chemical species is well 
known some others are still poorly characterized. 
It is believed, for example, that certain Cr(V) 
compounds may also be very important 
intermediates in this reduction process. In any 
case, the in vivo intracellular reduction reactions 
of Cr(VI) produces Cr(III) complexes with 
amino-acids (in particular, L-cysteine given to its 
high intracellular concentration) or with peptides 
and proteins or cysteine residues (glutathione, 
GSH, a tri-peptide with L-cysteine, for example), 
which are involved in the mechanisms of toxicity 
of chromium. The nature of the ligand that 
coordinates to Cr(III) appears to strongly 
influence the biological action of these 
compounds. Ligands with S atoms, such as L-
cysteine and glutathione are particularly 
important, since they readily reduce Cr(VI). 
The induction of the genotoxity by Cr(VI) is 
dependent on its reductive activation inside the 
cell. It was found that reduction of Cr(VI) by L-
cysteine resulted in the formation of mutagenic 
Cr(III)-DNA adducts in the absence of oxidative 
damage. Cr(III)-dependent types of DNA 
damage under a broader range of Cr(VI) and L-
cysteine concentrations have been investigated. 
The obtained results further establish Cr(III)-
DNA adducts as the major forms of DNA 
damage resulting from Cr(VI) metabolism by L-
cysteine. The role of this amino-acid becomes 
more significant under occupational exposure 
conditions to Cr(VI)-containing welding fumes, 
for example [7]. 
When chromium is studied in solution some 
interesting aspects are involved: oxidation-
reduction and acid hydrolysis reactions. In terms 
of redox reactions the reducing capacity of 
sulfur-containing species and their further 
binding to the metal centre is particularly 
relevant, due to the yielding of Cr(III) 
coordination compounds with Cr-S bonds. These 
characteristics are important to allow a better 
elucidation of the biological behaviour of this 
element [8]. 
One of the aims of Bioinorganic Chemistry 
research is the synthesis of good models to 
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reproduce totally or partially the chemical 
behaviour of more complex living systems. In 
this regard, to find good models of interaction 
between metal ions and biomolecules is of great 
significance.  
Cr(III) complexes with L-cysteine have been 
thoroughly identified after Cr(VI) reduction [8-
10]. In consequence, the coordination compound 
Na[Cr(L-cys)2].2H2O, which in solution 
originates the complex anion [Cr(L-cys)2]

-, has 
been synthesized, characterized and used as a 
model compound of an intracellular resulting 
product from Cr(VI) reduction by L-cysteine. 
Moreover, its Cr-S bonds show "unusual" 
substitution kinetics by acid hydrolysis, behaving 
in an different way of the “traditional” Cr(III) 
complexes, which are considered kinetically 
inert, as they are rapidly and reversibly 
hydrolyzed in a pH range similar to 
physiological pH [8]. 

 

2. Ring opening and closing of Cr(III)-S 
bonds in [Cr(L-cys)2]

- complex anion 

2.1. Speciation of [Cr(L-cys)2] 
– in aqueous 

solutions 

The most relevant aspect of the coordination 
compounds of Cr(III) is their kinetic inertness, 
but Cr-S linkages are labile and reversible. This 
linkage hydrolyzes rapidly, in both basic and 
acidic media, in a reversible manner. The 
literature mentions some detailed studies of 
hydrolysis of Cr(III) complexes in acidic media, 
but had not paid any attention to reactions at pH 
closer to neutrality [11]. Studies of the 
equilibrium and hydrolysis of the anion [Cr(L-
cys)2]

-, between pH 7 and 4.5, ie in moderately 
acidic media, have been conducted by UV-Vis. 

The mechanism of hydrolysis can be explained 
by equilibria (1) and (2), which clearly show the 
simultaneous protonation and Cr(III)-S linkages 
breaking. 

[Cr(cys)2]-  +   H+   [Cr(cys)(cysSH)(H2O)] 
   (C-)              (HC) 
[Cr(cys)(cysSH)(H2O)]+H+[Cr(cysSH)2(H2O)2]

+(1) 
 (HC)                (H2C

+) 
 Cr(cys)(cysSH)(H2O)]+H+[Cr(cysSH)2(H2O)2]

+(2) 
 (HC)                (H2C

+)  

Protonation acidic constants were calculated by 
potentiometry: log K1 = 4.46 and log K2 = 5.31. 
The speciation graphic (Fig 1) shows the 
chemical species in solution according to 
solution pH [12]. 

2.2. Reactions involving Cr-S bond 
breaking and formation 

When an acid is added to an aqueous solution of 

[Cr(L-cys)2]
- it can be observed an immediate 

solution colour change, from blue to purple-
violet, or to red, depending on the amount of 
added acid. These colour changes are associated 
with the type of alterations in the nature and 
quantities of the chemical species present in 
solution. The blue color (pH = 7) is attributed to 

the complex ion [Cr(L-cys)2]-, the red one (pH ~ 
4) to the “fully Cr-S opened” species [Cr(L-

cysSH)2(H2O)2]
+ and the intermediate colour, 

purple-violet (pH = 5-5.5), to the neutral 
complex [Cr(L-cys)(L-cysSH)(H2O), or to a 
mixture of anionic, neutral and cationic species. 
These colour alterations are consistent with the 
observed UV-Vis spectral variations. In the 
visible region, as the pH of the solutions 
decreases, both the position (λmax) and the profile 
of the bands begin to change with the amount of 
added acid, from two bands and two associated 
shoulders towards the formation of only two 
single bands, observed even at pH<4, with the 
simultaneous total disappearance of the 
shoulders. Besides, the band at higher  suffers 
an hypsochromic effect) (Fi The results here 
described can be interpreted in terms of the 
conversion of the initial chromophore CrN2O2S2 
into another chromo-phore CrN2O4, since the 
chromium coordination spheres were altered by 
the substitution of Cr-S by Cr-OH2 bonds. In 
another study of the same compound two free SH 
groups per mole of complex were identified, in 
acidified solutions, indicating that the 

Figure 1. Speciation, in aqueous solutions 

(pH 3-7) of [Cr(L-cys)2]-, (yy axis = molar 
fraction-�) [6] 
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protonation took place at the coordinated S 
atoms, during the process of Cr-S bond breaking. 
The spectral changes observed in the UV-Vis 
match the reduced intensity of the LMCT band S 
Cr and are similar in identical experimental 
conditions [8,13].g 2). 

Figure 2. Electronic specta (Vis) of [Cr(L-cys)2]- 

(aq. sol 1.0 x 10-2 mol/L); (__) pH=7.3, (--) pH=4.7 
and (…) pH=3.5 [13] 

The effects caused by acid addition can be 
reversed, at least partially, between pH 7 and pH 
4 by the addition of an equivalent amount of 
base, verifying the tendency to regenerate the 
initial spectra. Although fast, this reversibility is 
not instantaneous. 
It was proved by UV-Vis that after 48 hours 
there is still a slight "displacement" of the 
spectrum towards the initial spectrum, in 
aqueous solution. When solutions of the 
complexes are allowed to stand at pH less than 4, 
there appears to be competition between the 
hydrolysis of Cr-S and of Cr-N and Cr-O bonds, 
which may explain the observed irreversible 
spectral changes for longer periods of time. 
Some authors have proposed, for complexes of 

Cr(III) of the type [(en)2Cr(SXCOO)]
+
 (X = -

CH
2
-; -CH2CH2-; -C(CH3)2-), that a protonated 

pendant thiol could "assist" the hydrolysis of the 
adjacent bonds by an identical mechanism to that 
known in Organic Chemistry as "anchimeric 
assistance". That "help" caused by a protonated 
thiol and/or thioether, occurs in internal 
nucleophilic substitution reactions. The thiol 
group, which is pending after being protonated, 
can then favour the hydrolysis of the adjacent 
bonds Cr-N and Cr-O. The relative rates of these 
reactions will depend mainly on the size and on 
the "angular" strain of the formed ring after the 
nucleophilic attack by the pending protonated 
group [14]. 
It can be noted, for example, that in the above 

compounds the rate constant for the cleavage of 
the Cr-N bond induced by the thiol group is 
k~10-4s-1, which is about two orders of 
magnitude higher than in Cr(III complex with 
amines (k ~ 10-6 - 10-8 s-1) in which there is not 
any thiol group present. And it is of the same 
order of magnitude of the rate constant of the 
ring opening determined for our complex. 
bis(cysteinate)chromate(III) [8]. 

2.3. Kinetic studies of ring opening and 
closure involving Cr-S bonds, in neutral 
or moderately acidic media 

The prior knowledge of the protic equilibria of 
the anion complex [Cr(L-cys)2]

- allows the study 
of the Cr-S ring opening and closing for pH 7 - 
5.5, since for lower pH values one would tend to 
a mixture of the three chemical species in 

equilibrium (H2C+, HC e C-) (See equations 1 
and 2, and Fig. 1). The pseudo-first order rate 
constant for the ring-opening was determined 
and its value is 5.05 x 10-4s-1 (pH = 5.5; 25.5 °C, 
I=0.1). Therefore, Cr-S bond is rapidly 
hydrolyzed [8,13]. 
If the hydrolysis of [Cr(L-cys)2]

- is directed in 
order to control the formation of [Cr(L-cys)(L-
cysSH)(H2O)], that is, to the opening of "just 
one" ring, the UV-Vis spectra, corresponding to 
HC and C-, can be identified. Initially by 
adjusting the complex aqueous solution pH to a 
constant value of 5.6-5.7 there is consumption of 
H+ and the spectra keep changing in the 
direction of the typical spectra at those pH 
values (see Fig. 2). 

The transformation of C- in HC can then be 
modeled as a simple system. Neutralizing this 
solution with a pH 7 buffer solution, the ring 
closure is total, fully shifting the equilibrium to 
C- species. In the studied pH region the rate of 
ring closure is independent of the H+ 
concentration and of the buffer type. The 
obtained results led us to the following rate laws 
according to following equations (3) and (4), 
which suggest the mechanism depicted in Fig. 3. 

kobs = k Ka / [H]+ + Ka    (3) 

rate = k [C0]       (4) 

Since the ring closing rate does not dependent on 
the acid concentration (Ka >>> [H]+ - equation 
3), Ka can refer to a RSH group or to a 
coordinated H2O molecule in [Cr(L-cysSH)(L-
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cys)(H2O)]. The reaction rate constant should 
then be an unimolecular rate constant, 
corresponding to the ring closure of the 
deprotonated complex, allowing to calculate the 
activation parameters H#=32.7 kJ mol-1 and 
S#=1.49 JK-1mol-1, which translate a concerted 
mechanism for the proton transfer and the ring 
closure [12]. 

 

Figure 3. Opening/closing mechanism of Cr-S 

linkage in [Cr(cys)2]- [8,12] 

3. Experimental 

3.1. Specific objectives 

i) To synthesize a Cr(III) complex with L-
cysteine; 
ii) To recrystallize the obtained solid; 
iii) To characterize the solid by electronic 
spectroscopy (solution UV-Vis) and diffuse 
reflectance (solid state) and compare and conclude 
on the formulation of the chemical species present 
in the solid state and in aqueous solution; 
iv) To identify the nature of the bands observed in 
the complex electronic spectra; 
v) To characterize the compound by infrared 
spectroscopy and identify the bands corresponding 
to the relevant vibration modes of the ligand and 
the complex; 
vi) To study, by UV-Vis spectroscopy, the Cr-S 
hydrolysis in moderately acid solution (pH 7-5.5) 
and to observe the solutions colour changes; 
vii) To verify, qualitatively, the reversibility of the 
Cr-S breaking by equivalent base addition; 

3.2. Experimental methodology 

3.2.1. Synthesis and solution kinetic study 
of the complex Na[CrIII(L-Cys)2] 

Synthesis of the compound Na[CrIII(L-Cys)2], 
following methods from literature [8,12-14], and 
characterization by solution and solid state UV-
Vis spectroscopy. 
Kinetic studies of the above compound, by UV-
Vis, of the hydrolysis of the Cr-S bond opening in 
the pH range 7-5 (aqueous solution) as well as the 
reversibility of the Cr-S bond (opening/closing). 

3.2.2. Research and Discussion 

The biological role of the elements: the example 
of chromium which is considered one of the 
essential trace elements; its "double" character so 
that is considered one essential when as Cr3+, 
despite being also classified as carcinogenic and 
mutagenic if in +6 oxidation state [15]; the recent 
controversy regarding its true safety as a 
worldwide used nutritional supplement [16]. 

3.2.3. Analysis / Discussion 

The relationship between the properties versus 
chemical behaviour in solution of an element and 
the associated mechanisms of its essentiality 
versus toxicity is discussed. A bibliographic 
search for updating publications and “news” about 
chromium will be guided in order to enrich the 
discussion. 

4. Concluding remarks 

Bioinorganic is nowadays one of the very 
important chapters both of Inorganic Chemistry 
and Biological Sciences [17]. In this context the 
described practical activity can be taken as an 
inter-disciplinary case study covering Coor-
dination/Inorganic Chemistry and Bioinorganic 
(transition metal bonding to biomolecules) 
Moreover, it can be easily integrated in the 
Portuguese Physics-Chemistry High School 12º 
Year Programs (1.1-Metals and Alloys / 1.3.3 – 
Metals in human body). 
The experimental component of this practical 
activity has already been tested in practical 
disciplines, such as Inorganic Chemistry or 
Bioinorganic Chemistry, for students of 
Chemistry and Biochemistry, in the Chemistry 
Department of the University of Aveiro, Portugal 
and good results have been attained. Students 
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were very receptive to this mixed-subject 
practical work[18]. 

5. Acknowledgements 

Chemistry Department (University of Aveiro), 
CICECO (Associate Laboratory, University of 
Aveiro) and Foundation for Science and 
Technology (FCT, Portugal) are acknowledged 
for financial support. 

6. References 

[1] Schwartz AT, Serie J. Journal of Chemical 
Education 2001; 18(11): 1490-1494. 

[2] Abdella BRJ, Walczak MM, Kandl KA, 
Schwinefus JJ Journal of Chemical 
Education 2011; 88: 1257-1263. 

[3] Wolfson AJ, Hall ML, Allen Mm Journal 
of Chemical Education 1998; 75(6): 737-
739. 

[4] Barreto JC Journal of Chemical Education 
2000; 77(12): 1548. 

[5] VanHecke GR, Karakstis KK, Haskell RC, 
McFadden CS, Wettack FS Journal of 
Chemical Education 2002; 79(7): 837-844. 

[6] Sumter TK, Owens PM Biochemistry and 
Molecular Biology Education 2011; 39(2): 
110-116. 

[7] Quievryn G, Goulart M, Messer J, 
Zhitkovich A Molecular and cellular 
Biochemistry 2001; 222: 107-118. 

[8] Santos TM. Chromium coordination 
chemistry related to biological effects of 
Cr(III) and Cr(VI) compounds. PhD 
Thesis: University of Aveiro, Aveiro, 
Portugal; 1995. 

[9] Lay PA, Levina A Inorganic Chemistry 
1996; 35: 7709-7717. 

[10] Kaiwar SP, Sreedhara A, Raghavan 
MSS, Rao CP Polyhedron 1996; 15(6): 
765-774. 

[11] Asher D, Deutsch E Inorganic Chemistry 
1972; 11: 2927-2933. 

[12] O´Brien P, Pedrosa de Jesus J, Santos 
TM, Inorganica Chimica Acta 1987; 131: 
5-7. 

[13] Santos TM, Pedrosa de Jesus J, O´Brien 
P. Polyhedron 1992; 11(13): 1618-1695. 

[14] deMeester P, Hodgson DJ, Freeman HC, 
Moore C, Inorganic Chemistry. 1977; 16: 
1494-1498. 

[15] Vincent JB. Dalton Transactions 2010; 
39: 3787–3794. 

[16] Porter DJ, Raymond LW, Anastasio GD, 
Archives of Family Medicine 1999; 8: 386-
390. 

[17] Housecroft CE, Sharpe, AG. Inorganic 
Chemistry. London: Prentice Hall, 1st ed; 
2001; Shriver DF, Atkins PW. Inorganic 
Chemistry, Oxford: Oxford University 
Press, 3rd ed.; 1999. 

[18] Practical Guides for “Química 606” and 
“Laboratórios QI - 1”, Department of 
Chemistry, University of Aveiro, Aveiro, 
Portugal; 2000. 

 

BIOCHAR HANDS-ON 
EDUCATION 

Tomáš Miléř, Jan Hollan, 
Jindřiška Svobodová 

Faculty of Education, Department of 
Physics, chemistry and vocational education, 
Masaryk University, Poříčí 7, 60300 Brno, 

Czech Republic 
tomas.miler@mail.muni.cz 

Abstract. Biochar topic integrates natural, en-
vironmental and social sciences and it is an ideal 
topic for integrating school subjects at all 
grades. Several schools worldwide have been re-
ported to perform biochar hands-on projects. 
Pupils don't just learn what has been discovered 
a long time ago. They actually become scientists 
doing their own research and have a chance to 
contribute to common open-source knowledge. In 
this paper we present several hands-on activities 
related to biochar. 

Keywords. biochar, education, hands-on 
science 

1. Introduction 

Biochar (carbonized biomass) has been a subject 
of booming scientific research for the period of 
past decade. Specialists of many different fields 
became interested in biochar research mainly 
because of its potential for: 1. climate change 
mitigation through carbon sequestration, 2. soil 
amendment and 3. energy source. 
As shown in the graph below number of sci-
entific articles on biochar has been growing ex-
ponentially in the last decade. 
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Figure 1. Number of scientific articles containing 
keyword “biochar” in the abstract (Source of 

data: Google Scholar) 

We claim that science education ought to reflect 
advances in scientific research and keep the state 
of knowledge communicated at public schools 
up-to-date. 

2. Biochar educational potential 

Educators all around the world have been dis-
covering biochar as a great learning topic suit-
able for all levels of schools. During biochar 
activities pupils learn scientific research methods 
and they actually work almost like real scientists. 
Biochar topic is ideal for integration of natural 
science subjects and can be used to teach about 
global environmental issues. 
International Biochar Initiative (IBI) presents 
examples of successful biochar school projects 
on their websites (http://goo.gl/dVnLI). Up to 
our knowledge we have been the first ones in the 
Czech Republic engaged in development of 
biochar educational activities. In this paper we 
present several educational hands-on activities 
that were performed by pupils of upper primary 
school and at the Faculty of Education by pre-
service physics teachers. From our own teaching 
experience and from reports of other schools 
presenting their biochar projects we summarize 
the following findings: 
1. Biochar hands-on activities can be performed 
as laboratory experiments or as field trials. For 
outdoor field experiments we recommend to 
follow IBI methodology available on-line as a 
pdf document named “A Guide to Conducting 
Biochar Trials” (http://goo.gl/FfVda).  
2. Biochar hands-on activities can be performed 
as individual projects of pupils (students) or as 
small team, class and whole school project. 
3. Biochar hands-on activities can be performed 
as a single lesson or long time projects. For most 
of existing activities longer period is required, 

specially for activities based on comparing 
growth of plants in ordinary soil and in soil 
containing biochar. 
4. Areas to investigate and examples of activ-
ities: 
- biochar production (source of biomass, pyrolys-
is process, biochar yield...) 
- stove design (improving gasifier stove design, 
determining thermal efficiency of stove by Water 
Boiling Test) 
- biochar properties (pH, fraction, composition, 
density...) 
- soil amendment (plants growth, pH change, wa-
ter retention capacity...) 

3. Sample activities 

In this chapter, sample hands-on science learning 
activities are presented. 

3.1. Gasifier stove made of cans 

School willing to engage in biochar hands-on 
learning activities need a source of biochar. The 
easiest way is to get it is buying a bag of char-
coal for grilling and crash it to powder. This us 
useful when you need large amount of biochar 
for field trials. Small amount of biochar for 
classrooms experiments can be produced in 
TLUD (Top-Lit Updraft) gasifier stoves. TLUD 
pyrolysis system was invented in the 80's and it 
has been handled as open source technology. 
Than means TLUD design is not patent protected 
and is free to use and innovate. Currently there is 
only one type of TLUD stove commercially pro-
duced by Spenton LLC 
(http://www.spenton.com). Their Campstove was 
designed for use in camping sites. It uses battery 
powered fan to sustain updraft and regulate 
stove's power. 
Simplest TLUD stove can be made of just one tin 
can (named “iCan”). It works well under calm 
conditions. A more reliable and efficient design 
uses 3 cans, for chimney, inner and outer wall. 
Scheme of such a stove is on a Figure 2.  
Biomass placed inside the smaller can is lit at the 
top layer. When it gets hot, flaming pyrolysis 
starts to move downward while air enriched by 
wood gas moves upward. Combustible gases 
(CO, CO4, H2) mix with preheated air sucked 
through hollow metal wall and burn. Flames 
come from holes at the top of inner can. After 
flames extinguish the stove contains hot char 
which must be immediately moved to airtight 
container in order to prevent char oxidation. 
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When char cools down, it is ready to use for any 
school experiment. 

 

Figure 2. Scheme of TLUD stove made of three 
cans. 

Making and operating the stove is a great 
learning activity itself. Pupils can try to improve 
the stove design and can do lots of measurements 
(temperature of flame or pyrolysis zone, duration 
of burning of different fuels, factors affecting 
biochar yields, thermal efficiency of stove etc.).  
For safety reasons, the stove should be operated 
outdoors or in a ventilated fume hood, as 
woodgas contains carbon monoxide which is 
very toxic. Pupils should be well instructed how 
to safely handle the stove because its surface gets 
very hot and they could burn their fingers. Fire 
protection measures should also be considered. 

3.2. Soil properties measurement 

Biochar is usually recommended to be mixed 
with soil in order to improve its physical proper-
ties. There are many interesting questions that 
can be investigated by pupils through laboratory 
experiments. Below we present our sample 
measurement of three soil properties: water re-
tention capacity, pH and conductivity. We tested, 
how biochar changes these properties for three 
kinds of soil: peat (as offered to gardeners), agri-
cultural soil (collected on a field) and sand. Mix-
ture ratio of soil and biochar was 1:1. 
Equipment: laboratory glass, filtration papers, 
Vernier LabQuest and deterctors: electronic 
scale, pH meter, conductivity meter 
Procedure: 
1. Weigh 10 g of air-dried soil sample. 
2. Measure 40 ml of distilled (or tap) water. 

3. Place the soil sample onto filtration paper (see 
figure below) and let all 40 ml of water drop on 
the surface of the sample. 

 

Figure 3. Collecting drops of water passing 
through the soil 

4. Collect water passing through the sample until 
no more filtered water flows or drops.  
5. Gently move the filtration paper with the wet 
sample to the scale and measure its weight. From 
that weight, subtract 10 g (dry sample) and 2 g 
(wet filtration paper). The final number is the 
weight of water retained by the sample. 
6. Measure pH and conductivity.  
7. Wash the sensors and glass in clean water 
every time. 

Standardized procedure of determining soil pH 
(its suspension in water) is specified in ISO 
10390:2005. According to that standard, water 
solution should contain potassium chloride (KCl) 
or calcium chloride (CaCl2). For school experi-
ments we used simplified method which is suffi-
cient to determine change of soil pH after mixing 
with biochar (not exact soil pH). 

 

Figure 4. Measuring pH of a soil suspension in 
water using Vernier sensor. 

Results of our measurements are shown at Figure 
5. We found that peat has the highest retention 
capacity for water and sand the lowest. Biochar 
addition increased retention capacity of sand but 
for the given agricultural soil, retention capacity 
was reduced. That explains why biochar is 
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Figure 7. Presentation of carbonized biomass 
samples. 

More photos from the event are available on-line 
at the address: http://goo.gl/RlqGm  

4. Conclusion 

Biochar is a brand new area of interdisciplinary 
science research. Educators have been seeking 
ways how to implement this topic into current 
education system. For many reasons, biochar 
appears to be a unique educational tool. In the 
paper we presented several hands-on science 
activities on biochar that can be utilized in 
primary, secondary or university science educa-
tion. 
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Abstract. An essential part of the biology 
teaching, especially zoology teaching, should be 
dissections. They allow the acquisition of 
knowledge and skills in anatomy and 
understanding of the structure of the internal 
organs of animals. The effectiveness of 
dissections is influenced by several factors such 
as student attitude to dissection, previous 
experience and emotion of disgust. We 
investigated, what are the preferences of 396 
university students in the issue of dissections. We 
were interested in the factors which influenced 
their attitude to dissections. Pre-service teachers 
perceive dissections positively and they want to 
participate on them. Respondents who reported 
higher disgust to dissections less agreed with 
them, while female students that have never done 
dissection, reported higher disgust. The higher 
disgust was recorded at students who keep 
animals. Students understand the importance of 
dissection in teaching and prefer real dissection 
to virtual one. The more students understand the 
importance of dissection, the more they agree to 
use it in teaching. It has been confirmed that 
previous experience with real or virtual 
dissection has positive influence on the 
elimination of the dissection disgust.  

Keywords: animals, attitudes, dissection, disgust 

Introduction 

The aim of anatomy and physiology is the 
understanding of structures of the body, its 
functioning, which enables us to understand the 
function of any organ or an organism as a whole. 
People in ancient times wished to know the 
functioning of their bodies, and especially to 
know the causes of pain and disease. A man 
began to realize its difference since primitive 
society. The basic information about the human 
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body apeared abut 3000 BC. in the Chinese letter 
"No - qing „ with first evidence about the human 
circulatory system. The knowledge about the 
human body was build with the sacrificial rites of 
animals or humans from Egypt. Important 
medical schools appeared in Greece – the school 
of Hippocrates. Similarly, other scientists such as 
Aristotle, or Galen contributed to the knowledge 
of the human body. Feudalism period was 
heavily influenced by religion, which influenced 
and medicine. Religious attitudes had negative 
consequences on the building any knowledge 
about the human body, because human was 
considered to be a work of God. Dissections 
were therefore banned by church. Descartes 
contributed to brain research, Vesalius 
considered the major reformer of the anatomy as 
a separate scientific discipline.  
Modern age tradition of the use of dissection in 
biological education started in the 20th century 
(Kinzie et al., 1993). Dissection has become part 
of education at home and abroad, including 
practical training at universities with a focus on 
biology, whose aim is to develop skills, attitudes 
and proper understanding of the structure and 
functions of organs (Wiles 2012). However, 
there are arguments against the implementation 
of dissections in teaching biology (Orleans 1988; 
Texley 1992). There are probably more causes of 
this trend (Predavec 2001), where they can find 
for example in protection of animals (Pope 1995) 
and in teachers (Texley 1992) or in the pupils 
themselves (Snyder et al., 1992), because there 
have been observed (especially at girls) negative 
attitudes towards the use of animals in teaching 
(Miletts & Lock 1992). Question about the 
alternative dissection revived in the late 80's, 
when started to be intensively discussed. Ethics 
of dissections in schools (Orleans 1988, Downie 
& Alexander 1989, Texley 1992) and violations 
of the animal laws (Langley 1991, Pope 1995) 
were further arguments against dissections. 
Virtual dissections brought many advantages 
such as possibilities of detailed oversight of 
internal organs, the opportunity to work at their 
own pace, at any time, working in any 
environment, elimination of odor and other 
factors (Predavec 2001). Opponents of virtual 
dissections (Offner 1993), however, argue that 
the virtual world can not provide equal 
educational opportunities - students can not 
apply their knowledge to the real world and do 
not develop their psychomotor skills (Duhrkopf 
1998).  
National Association of Biology Teachers 

(NSTA 2005) is an official association of 
biology teachers in the U.S. Many US students 
have the opportunity to decide for themselves 
whether they will realize dissections or not. In 
Argentina, for example, dissections are 
prohibited in all schools. Teachers in 
Australiaare are voluntarily allowed to 
incorporate dissections into their curricula. 
Countries such as the Netherlands, Poland, 
Switzerland and Israel does not allow the 
implementation of dissections to schools.  
The Slovak republic has issued Law no. 
543/2002 on the protection of nature and 
landscape on which option is limited dissections 
in schools: According to § 4 (3) "shall be 
prohibited to capture and kill animals to their 
natural range. This prohibition does not apply if 
the capture or killing takes place in the 
implementation of research activities or if there 
is an imminent threat to the life or health of a 
person or damage to his property, or where the 
special regulations“. 
To implement dissections in education teachers 
express their opinion, the researchers provide the 
latest scientific research, companies argue the 
advantages and disadvantages of dissections. But 
what are the opinions and attitudes towards real 
and virtual dissection by students - future 
teachers?  
The aim of the study was to identify attitudes of 
students toward dissections and the role of 
emotions in acceptance of dissections. We have 
chosen prospective biology students for this 
researh, because dissections may improve their 
knowledge and skills necessary for their biology 
teacher job in school practice. 

Methods 

A total of 397 students from Trnava University 
and P.J. Šafarik university participated in the 
research. The questionnaire consisted of 28 items 
related to the five domains: disgust, importance, 
the use of dissections in schools, implementation 
of dissections to schools and virtual autopsies. 
The questionnaire showed sufficient reliability 
(Cronbach's alpha = 0.93), and Cronbach alpha 
calculated for each domain ranged between 0.77 
and 0.9. Domains were specified according to 
results of factor analysis (PCA). Factor loading 
of accepted items had values 0.5 and more.  

Results 

According to the values of the mean scores, we 
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found that the attitude towards implementation of 
dssections was highly positive. Biology students 
of both univeristies understood the importance of 
dissections and did not have negative attitudes 
toward dissections. However, lower mean scores 
were found in the domain Disgust and The use of 
dissetions in schools suggesting that students are 
against the use of dissections in elemenary 
schools and in high schools. 
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Figure 1. Correlation between dimensions 
“Disgust” and “Ethics” 

Using correlation analysis (Pearson r), we found 
that the all the domains correlate with each other, 
while correlations were mostly moderate (r = 0.2 
– 0.5). Strong correlaitonswere found in domains 
Importance of dissection and Ethical domain of 
dissections and between Disgust and Ethical 
domain. The more the student understood the 
importance of dissection, the greater the support 
of dissetion in education. High disgust of 
dissection correlated with unsupportive use of 
dissection in schools (Fig. 1). 
Multivariate analysis of variance (MANOVA), 
where the dependent variables were mean scores 
of all attitude domains and predictors were 
gender, experiences with dissection and having 
an animal at home was used to test whether these 
factors influenced attitudes toward dissections. 
Females showed higher disgust of dissection than 
males (p < 0.001).  
Statistically significant r ozdiel has also been 
confirmed in an interaction gender x experience 
with dissection. Females who never experienced 
dissection showed higher disgust of dissections 
cmpared with experienced females.. No similar 
differences were found in males. (Fig. 2).  
According to the students the actual 
implementation of dissections students acquire 
real ideas about anatomy of animals and 
dissections should be part of biology education. 
Males scored higher in the domain Importance of 

dissection than females (p < 0,05). 

 

Figure 2. Relationship between sex and 
experience with dissection with disgust 

Most of the students disagreed with dissections 
in secondary education, but this disagreement 
was higher for females. On the other hand, 
students do not have problems with 
implementation of dissections ito universities. 
Males generally supported the use of dissections 
in schools more than females (p < 0,001). 
Respondents who reported to have animals at 
home showed higher disgust of dissection than 
non-animal owners. Urban students showed 
higher disgust of dissections than rural students. 
It may be that this difference is caused by more 
frequent breeding of farm animals in villages.  
Opinion on the feasibility of dissections in 
secondary education has changed in third grade 
students and remained unchanged in fourth grade 
students. I tis probable that the realization of real 
dissections in the third grade in zoology lessons 
influenced student opinions regarding 
dissections. 
A similar trend, albeit opposite, was found in the 
domain Disgust of dissections. There was also 
decreased disgust of dissections in third graders. 
Similarly, we suggest that practical expriences 
with dissections in this rade are responsible for 
lower mean score of disgust of dissection 
domain. This fact  
Another finding was that students who have 
already experienced a virtual dissection 
suggested that virtual dissection is equivalent to 
real dissection. Interestingly, experience with 
virtual dissection was associated with lower 
disgust of dissection simialrly than experience 
with real dissection (p < 0,001, Fig. 3). No 
similar associations were found in other 
domains. 

Discussion 

Knowledge about student attitudes toward 
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dissections are important especially due to 
incrasing their effectiveness, because negative 
attitudes negatively correlate with acievement 
(Randler et al., 2005). 

Wilks lambda=,95912, F(5, 389)=3,3161, p=,00604

 disgust
 alternative dissection

0 1

virtual dissection

2,2

2,4

2,6

2,8

3,0

3,2

3,4

3,6

3,8

 
Figure 3. Relationship between experience with 

alternative dissection with disgust 

Discussion 

Knowledge about student attitudes toward 
dissections are important especially due to 
incrasing their effectiveness, because negative 
attitudes negatively correlate with acievement 
(Randler et al., 2005). We were interested in 
factors affecting attitudes to implementation of 
dissections in teaching biology that may enhance 
knowledge about anatomy and practical skills. 
We found that only a quarter of respondents had 
experiences with virtual dissection and more than 
60% of the students had experience with real 
dissection in education, which means that Slovak 
teachers rarely use virtual dissection in the 
classroom.  
Students understand the importance of 
dissections in teaching biology and were 
reserved about the use of animals for educational 
activities. Students suggested that the 
implementation of real dissections is beneficial 
in terms of increased anatomy knowledge 
supporting the view of Offner (1993), who also 
suggests that ral dissections have greater value 
than virtual dissections. Quince et al. (2011) 
found that the majority of medical students in the 
UK has a positive attitude towards the 
implementation of dissections, which is 
expectable. In agreement with this, Akpan & 
Andre (1999) found that a higher level of 
knowledge students acquire when real dissection 
was preceded by virtual dissection. This finding 
was confirmed by the analysis in which the 
inexperienced students from first and second 

grade were less supportive toward dissections 
than older, and thus experienced students.  
Gender differences in attitudes toward 
dissections were significant. Female students 
showed higher disgust of dissections than males. 
Females generally have a more negative attitude 
towards dissection (Akpan & Andre, 1999), 
possibly reflecting their higher disgust sensitivity 
compared to men (Fančovičová & Prokop, 
2013). Higher disgust of dissections was also 
shown in female students who lacked 
experiences with dissections. Respondents who 
kept any animal at home showed higher disgust 
and less supportive attitudes toward dissectionsin 
school of dissections than non-animal owners. 
This can be explained by higher empathy toward 
animals in animal owners (Ascione 1992). 

Conclusion  

We have found that students do not have a 
problem realizing real dissections in the 
educaitonal process. Comparison of gender 
differences showed that men have more 
supportive attitudes toward dissection than 
women. Attention should be focused primarily 
on women because they perceive dissections 
differently than men. Other factors that 
influenced preferences of dissections were for 
example having an animal at home and 
sensitivity in digust domain. Animal owners did 
not agree with the implementation of dissections 
in schools. It seems that disgust was reduced 
after experiences with virtual dissection, thus 
virtual dissections would be useful and cheap 
tools for science teachers. Again, some caution 
should be paid on females who have generally 
less positive attitudes towar dcomputers than 
males. For their future biology teachers, pupils 
and students needed to dissect, whether virtually 
or really, to eliminate misconceptions about 
internal organs of animals. Special attention 
should be paid mainly females and animal 
owners.  

The present research was supported by the 
project VEGA no. 1/0124/11. 
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Abstract. The Establish FP7-funded project is 
aimed at wide dissemination and use of an 
inquiry-based teaching method for science with 
second level students (age 12-18years) on a 
large scale in Europe. In order to meet this goal 
professional development workshops to support 
teachers in adopting inquiry-based science 
education (IBSE) methods have been developed 
and implemented across the participating 
countries. This paper describes the experience 
from in-service teacher training that has been 
carried out in Slovakia, results from the 
implementation of IBSE activities in classes and 
the follow-up activities. 

Keywords. Inquiry-based science education, 
physics teaching, in-service teacher training 

1. Introduction 

Since 2008 when educational reform was 
implemented into the educational system in 
Slovakia, the national curriculum gives 
significant attention to scientific inquiry with 
emphasis on students´ active independent 
learning [1]. This approach is in good 
consonance with the European trends that 
emphasize the change in the methods of 
instruction towards more inquiry-oriented. 
However, Slovak teachers are not well-educated 
in this field and there is a lack of instructional 
materials for teachers to use in the classroom. 
Generally, at schools, there is a traditional 
teacher-centred approach dominantly used with a 
lack of student-oriented way of teaching. 
The Establish FP7-funded project [2] offers a lot 

of support in order to meet the challenge that 
teachers have regarding their different role in the 
classroom. The project main goal is wide 
dissemination and use of an inquiry-based 
teaching method for science with second level 
students (aged 12-18 years) on a large scale in 
Europe. Over the course of the project there have 
been a number of teaching and learning materials 
developed and the professional development in-
service teacher training workshop has been 
designed in order to implement these in the 
national environment of the participating 
countries. 
While implementing this in Slovakia, the whole 
process went in several steps. Firstly, teaching 
materials as well as the Establish teacher training 
workshop model [2] have been adapted to the 
national curriculum. Then, based on the adapted 
materials there has been an in-service teacher 
training carried out and teachers´ attitudes and 
experience concerning inquiry-based science 
education (IBSE) have been collected. In the 
next step, teachers have been implementing the 
selection of the Establish project inquiry-based 
activities in their own teaching and the impact on 
students has been monitored and collected. 
Finally, these efforts of teachers have resulted in 
designing their own IBSE activities that have 
been presented and exchanged with other 
teachers. 

2. In-service teacher training  

Within the Establish project there was a model of 
teacher training programme developed [2]. The 
main goal is to provide support for teachers to be 
able to use inquiry-based approaches in their 
classrooms when teaching science. In order to do 
this, the Establish consortium has identified four 
core elements which will assist teachers to do 
this: Establish view of IBSE, industrial content 
knowledge, science teacher as an implementer 
(classroom management) and science teacher as 
a developer (reporting and reflecting about the 
classroom work). Apart from this there were 
additional elements identified, namely ICT, 
argumentation, research and design projects for 
students and assessment of IBSE.  
In the period of November 2011 to February 
2012, 50 secondary schools science teachers 
participated in an initial 4-days teacher training 
(12 hours) in IBSE. During the course aimed at 
learning about the IBSE methods and carrying 
out a lot of activities as examples of inquiry 
activities with different levels of inquiry they 
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were encouraged to implement IBSE in their 
classroom practise. The course focused mainly 
on 4 core elements, i.e. Establish view of IBSE, 
industrial content knowledge, how to implement 
IBSE activities, feedback and evaluation of the 
classroom work/analysis of classroom inquiry 
activities.  
The average age of the teachers was 44 years, the 
majority were female (91%) and they varied in 
teaching experience from 1 to 37 years. 
Participating teachers answered a pre and post 
questionnaire about their attitudes towards IBSE 
before and after the course. All of them classified 
themselves as complete beginners in the field of 
IBSE. While before the course about 70% of 
teachers think that the use of inquiry is 
appropriate to achieving learning goals, after the 
course 94% of teachers agree with this statement. 
Also the disagreement with the statement “The 
inquiry is suitable only for very capable 
students” has changed from the initial 45,5% to 
almost 74%. Teachers’ tendency to use inquiry 
as their main teaching method has also slightly 
increased. Concerning the extent of occurrence 
of particular inquiry practices within the 
classroom, the answers show that there is a lack 
of independent learning in terms of students 
designing their own procedure for investigations, 
formulating research questions, determining the 
direction of the lab based on the students’ 
research questions, students very rarely decide 
which data to collect. The answers to these items 
in the post questionnaire when teachers 
experienced some inquiry activities in their 
classroom show slight shift towards higher extent 
of these practices. 

3. Implementation of IBSE activities  

The teachers participating in the course were 
supported to implement IBSE in their classroom 
practise. As a result, they implemented selected 
activities developed within the Establish project 
in their teaching (table 1). Each of the teachers 
implemented at least three IBSE activities. 
Students who participated in the experimental 
teaching were requested to answer questionnaires 
after each of the activity as well as pre and post 
questionnaires before and after a whole set of 
activities from the same unit. The questionnaires 
were developed by the Establish consortium 
members [3]. 
In the field of physics there were the Sound unit 
activities implemented and the results of 
questionnaire analysis [4] has shown the 

following results. A total of 1302 upper 
secondary students answered questionnaire after 
each of the inquiry lesson that has been focused 
on intrinsic motivation assessing three 
dimensions: Interest/Enjoyment, Perceived 
choice and Value/Usefulness. Based on the 
responses to these questionnaire items it can be 
seen that the students’ opinion on the activities 
they carried out is positive; they consider them 
interesting and enjoyable. In the questions 
concerning the perceived choice students lack of 
strong opinion. In the items aimed at how 
students perceive the value/usefulness students 
express the provided activities were slightly 
useful for them. 

Subjec
t 

Unit Period 
Second 
school 

Teach
ers 

Bio 

Disability 
 

Oct-Nov 
2011 

lower 4 
upper 4 

Blood 
donation 

Jan-April 
2012 

Lower 5 
upper 5 

Water in 
the life of 
man 

Jan-Feb 
2013 

lower 3 
upper 3 

Phys Sound 

Feb-Sept 
2012 

Upper 14 

Feb-June 
2012 

Lower 2 

Chem 

Exploring 
holes 

Nov–Dec 
2011 

Lower 5 

Nov–Dec 
2011 

Upper 2 

Polymers 
Feb 2012 Lower 3 

Feb 2012 Upper 2 

Table 1. Establish teaching units and their 
implementation into science teaching 

A total of 202 upper secondary school students 
completed questionnaires before and after a 
series of activities. The results were compared 
using appropriate statistical testing. In this 
questionnaire several aspects were examined. A 
set of questions were used to assess how students 
perceive the role of science and technology in 
society. The answers indicate that students view 
on this question has not changed after 
experiencing IBSE. The positive shift has been 
indicated in the field of students’ opinion on 
learning and understanding science when 
students tend to think more strongly that 
remembering facts in science is not very 
important. However in other questions, such like 
their opinion on the formulas and their 
importance their attitude does not change. There 
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was a set of questions assessing students’ 
opinion about science lessons and their attitude 
towards taking up career in science or 
technology. The analysis of this field shows that 
their positive attitude towards science lessons 
slightly increased however there is no significant 
difference in up–take of careers in science or 
technology after experiencing IBSE activities. 

4. Follow-up activities 

The ESTABLISH in-service teacher course in 
the extent of 12 hours have been completed by 
50 science teachers who also experienced 
inquiry-oriented teaching in their own 
classrooms. However, the Slovak system of 
further teacher education is based on accredited 
courses that are offered by institutions that have 
permission to do this [5]. Teachers after 
completing such an accredited course are 
rewarded by credits that count for their career 
development. In order to fulfil these 
requirements the Establish in-service teacher 
course became a part of a longer-extent 
accredited teacher training course named 
Innovative methods of science education (65 
hours/40 hours of present and 25 hours of distant 
part). 25 science teachers (12 physics, 6 
chemistry and 7 biology teachers) continued with 
the training within the following 4 meetings up 
to December 2012. Altogether teachers took part 
at 8 present meetings and the distant part was 
carried out as pilot teaching with lessons 
observation and analysis and evaluation of 
classroom work. The extended part of the 
training was focused more deeply on core 
elements as well as on some of the additional 
education elements, i.e. the role of ICT in IBSE 
and research and design projects for students. 
Table 2. List of activities and their level of 
inquiry developed by physics teachers 
For the successful course completion teachers sit 
for a final defence in front of a 3-member board. 
They were asked to develop and present their 
own IBSE activity within the Establish 
framework. Teachers developed different 
activities pointing their description, IBSE 
character, science, pedagogical and industrial 
content knowledge and assessment tools. They 
described the learning aims, materials used in the 
activity, suggestion how to use the activity in the 
class and possible questions that teacher can ask 
their students. There were altogether 12 physics, 
7 biology and 6 chemistry teachers who 
successfully completed the course with the 

credits award. All the teachers’ presentations 
with the developed activities have been shared 
by all the teachers for their wider use. The 
examples of the activities developed for the final 
defence by physics teachers can be seen in tab. 2. 

Name of activity Level of inquiry 
Who was Archimedes 
(Part I, II) 

Interactive discussion, 
guided inquiry 

Archimedes principle 
(Part I, II) 

Guided inquiry, 
bounded inquiry 

Sound speed 
Interactive discussion, 
demonstration, guided 
discovery 

What is pressure? Guided inquiry 
How to prepare a 
fountain?  

Guided discovery/ 
inquiry 

Pascal´s law and its 
application 

Guided inquiry 

How does 
electromagnet work?  

Guided discovery/ 
inquiry 

Magnet and coil Guided discovery 
Rotating coil Guided discovery 
Primary and secondary 
circuit 

Interactive discussion 

Self-induction Guided discovery/ 
inquiry 

When and how light 
reflects? light 

Guided inquiry 

When and how light 
refracts?  

Guided 
discovery/inquiry 

Fuel cell car (water 
molecule) 

Guided inquiry 

How does microwave 
oven work?  

Bounded inquiry 

Table 2. List of activities and their level of inquiry 
developed by physics teachers 

5. Conclusions and implications 

The group of teachers who attended the Establish 
workshops as well as continued and completed 
the Innovative methods in science education 
accredited course went over quite an extensive 
and in-depth course. They increased their 
familiarity with the IBSE strategies before they 
implemented selected activities in their own 
classrooms. The teachers’ feedback on the 
workshops as well as the responses on the 
questionnaires answered by students carrying out 
IBSE activities have been collected and 
analysed. Furthermore, teachers have 
successfully developed their own IBSE activities 
that have been presented as a final defence of the 
course and all these activities have been 
exchanged among the science teachers for their 
wider use. 
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In service teachers found inquiry teaching a 
rewarding teaching experience. However even 
after participating in training workshops, the 
more detailed analysis of the lessons carried out 
by science teachers in IBSE mode showed that 
teachers still lack the necessary skills for 
consistent application of IBSE methods.  
The results of discussions and questionnaires 
answered by second level students clearly shows 
their positive attitude to IBSE, they consider the 
activities interesting, enjoyable and useful and 
they even expressed a slight positive shift in 
attitudes towards science lessons. However, there 
were also many items without any significant 
changes even after engaging in a series of IBSE 
activities, e.g. the impact on students view on 
science and its role in society has not changed, 
neither has their inclination towards taking up 
careers in science or technology.  
To sum it up we consider several reasons for the 
achieved results: 

 Lack of teachers experience and 
necessary skills for IBSE application. Some 
teachers still tend to talk a lot instead of 
questioning and developing students’ inquiry 
skills and forcing students´ independent work. 
The traditional methods of teaching are 
deeply rooted in teachers’ approaches to 
students.  
 Students experienced just several lessons 
in IBSE mode. This small number of lesson 
probably cannot influence dramatically their 
views of science and science education. 
 Teachers got enthusiastic about the IBSE 
method while being at the course. Returning 
back to their own school environment with 
not so supporting atmosphere that teachers 
experienced very often was rather 
disappointing and demotivating.  

As a result we are persuaded that one of the key 
points is to offer teachers on-going support: 

 In the field of teaching materials and 
teacher training activities. 
 Teachers need not only support from the 
teacher training institute but they also need 
help from their colleagues in their home 
institution who think the same way and 
provide everyday support in order to enhance 
collaboration and support from each other.  
 Overall positive atmosphere at the school 
can be highly motivating.  

Analysing all the already carried-out activities 
and the achieved results as well as the above 
mentioned key points there is a strong effort 

needed in order to create groups of educated 
teachers from the same school who would form a 
community to have an on-going support not just 
from the teacher training institute but also from 
each other. The community of science teachers 
(physics, chemistry, biology teachers, eventually 
math and informatics teachers) who are well 
educated in the field of IBSE and think the same 
way can systematically change the atmosphere at 
school towards more open to new methods. 
Teachers´ systematic activities in the classes 
across several disciplines could also lead to 
changing atmosphere in the classroom in order to 
fulfil the goals of the current curriculum.  
 In order to shift the already well-started process 
of teacher education and IBSE activities 
implementation in Slovakia to a higher level we 
already selected teachers from the same schools 
where there is at least one already educated 
teacher. We now continue with teacher training 
of the science teachers´ groups (created by 
physics, chemistry and biology teachers) from 
the same school. This will be followed by 
implementation of IBSE activities across several 
disciplines so that students experience IBSE in 
wider extent in several subjects taught by several 
teachers. We strongly believe that this systematic 
approach will bring positive results in creating 
the right atmosphere at schools and the 
implementation in the classroom brings more 
positive shift in students’ opinions as well and 
will meet the goals of the current curriculum. 
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Abstract: This paper aims at design science 
magic inquiry teaching of physics courses, help 
us analyse scientific magic into the relevance of 
physics teaching. Study sample for junior high 
school students in eight grade two class 35, a 
class as an treatment group uses the magic of 
science inquiry teaching and about teaching 
another class for the control group, since this 
study series and has a high degree of reliability 
and validity of the "Physics concept tests" 
measured before and after testing. Total variable 
analysis, the treatment group in understanding 
physical concepts test scores significantly better 
than the control group (F=187.3,p=.000), and 
highly experimental effects. 74. Studies have 
shown that properly designed "magic study on 
the teaching model of Constructivism teaching" 
courses in addition to enhancing students ' 
understanding of physical concepts of things, can 

attract students ' high level of motivation. In 
addition, the study argued that teachers should 
be considered for dexterity, magic, the magic 
itself contains physical concept by the use of 
suitable teaching strategies of guiding students ' 
learning. 

Keywords: science magic, magic science 
teaching, teaching reflection 

Introduction 

The study introducing and literature to explore 
the scientific magic (Science magic) as a should 
be used to assist students in building a scientific 
model of inquiry teaching method. However, 
coordination in two different areas of science and 
magic are? how do we properly define the 
traditional differences between magic and 
science magic? scientific magic how to design 
appropriate curricula for physical research in the 
field of teaching it? Scientists will be simplifying 
complex natural phenomena, exploring history 
through important who were seeking to influence 
the underlying causal relationships (Lawson, 
1995), resulting in scientific models to explain 
and predict natural phenomena behind the 
functioning of mechanisms (Bransford, Brown & 
Cocking, 2000; Gilbert, 2008; Schwarz, Reiser, 
Davis, Kenyon, Acher, Fortus, Swartz, Hug & 
Krajcik, 2009). But, usually natural phenomenon 
has more items variable due to (multiple 
variables), and widely, and changeable, and and 
needs long-term exploration, party can found 
have main variable due to, trait, for country in 
the or country primary school child,, natural 
phenomenon behind operation of complex 
mechanism, and scientists exploration natural 
phenomenon by construction of science concept 
or science model is abstract, and stiff, and 
violation they General of funky (naive) concept 
and difficult to understanding, such as atomic 
structure, and pendulum of movement, and free 
fall, physical concept; While most of the magic 
created by the amazing performances only 
encompasses one or two simple concepts or 
practices might magic from magic itself or 
skilled technique, although violations of the 
General popular awareness, magic that is 
relatively simple to complex natural phenomena 
of many. 
Therefore, this study argued that if you can 
design simple, relevant scientific research on 
magic course combines teaching, construction 
can develop students ' scientific models, and for 
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a preliminary understanding of the meaning and 
understanding of the scientific model, and 
cultivating the students ' learning motivation of 
constructing scientific models, taking into 
account the development of students ' cognitive 
and affective development. Gilbert (2008) as 
well as Schwarz et al (2009) argue that models 
should be considered as a tool to explain and 
predict phenomena of productive, stress the 
purpose of constructing models of development 
ideas and test ideas. 
Stewart, Cartier, and Passmore (2005) pointed 
out that the modeling in the classroom, students 
understand science connotation is that they can 
make a reasonable claim, and looked forward to 
the student experience to reflect on their own 
thinking, reflection of practice involved the 
students models of interpretation, and can use 
this model to guide their research capacities, and 
the ability to understand and participate in the 
evaluation of the scientific model. To sum up, 
how to find appropriate magic will convert to 
science teaching aids, in order to achieve those 
constructing scientific models, provides students 
develop their science learning motivation and 
understanding of science concepts? 

The scientific concept is studied and tested 

Magic bullet good teaching practices and 
curriculum instructions magic elastic rods (also 
known as magic telescopic stick), as a way to 
screw the magic of plastic injection molding 
tools, full of highly interesting, novel and 
contains a physical concept. Magician shows the 
magic of elastic rod usually "stick out" approach, 
first volume shrinkage (that is, stored elastic 
potential energy) hidden in the Palm, elastic bar 
tab at the top of tongue and pushed the magic, 
magic bullet bar pop-up (the moment stored 
elastic potential energy converted to kinetic 
energy), so as to render "from nothing to a" 
"flashes" the surprise effect. Except above of 
magic shows outside, this research development 
to Magic play Rod as students for research of 
science model, teaching design as following 
steps: (1) Yu shows Magic play rod and 
describes its basic physical concept Hou, 
introduction between Magic play rod of spiral 
structure and bevel effort of mechanical 
principle; (2) will Magic play Rod volume 
shrink, and press its gravity, and again placed 
desktop, dang press of hand release, Magic play 
Rod will to gravity for Center from on both sides 
while play open; (3) bearing above way, further 

will volume shrink of Magic play rod end press 
live, When you let go, magic bullet stick forward 
would be created by forcing, hands press the 
other end in the opposite direction, such as the 
size of the reaction fig1 "magic elastic rod 
structure and physical mechanisms" as below. 

Figure 1. the structure of magic elastic rod and 
physic mechanism 

Based on the above figure 1 "structure and 
physical mechanism of elastic rod of magic", 
while teachers with a steady incline of the magic 
bullet to form the spiral structure of great 
collections to store elastic potential energy of the 
elastic rod with the hands, after being let go, play 
stick immediately convert the stored elastic 
potential energy to kinetic energy, on either side 
of the ejection seat. Four, experimental and 
control groups of cases handled by teaching the 
teacher and the teaching of scientific inquiry 
process as described below: 1. teaching is not 
informed in advance of the control group, the 
magic of elastic rod structure; whereas the 
treatment group to express ways of teaching, 
after school, provide students with further 
scientific explanations, discussions, exploring its 
structure and construction of models; 2. teacher 
presentation and familiar physical concepts of 
magic elastic rods that contain the following:  
(1) the process of elastic potential energy into 
kinetic energy; 
(2) elastic rod with bevel helical structure formed 
by; 
(3) the bullet bounced off on either side of the 
rod to the center of mass. 
3.Prompt students to watch teachers model and 
in a pen and paper to write down or constructing 
models of explanation and prediction. 4. students 
write or draw model, model again and explain 
the implication of the scientific concepts. 5. 

magic elastic rod 
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elastic rod model construction using magic 
design provides students learning transfer and 
application of scientific concepts. This study 
provides further consideration of the new 
situation, "magic tape", but magic tape measure 
with the magic bullet physics concepts similar to 
the great, full of fun and novelty, "the physical 
mechanism and structure of magic tape" as 
shown in Fig2. 

 

Figure 2. The physical mechanism and structure 
of magic tape 

Research Design 

The researcher analyzed the data by SPSS and 
ANCOVA. For against group students only used 
shows magic tape measure of metaphor teaching 
way, purpose is review students is can using 
teachers tells of physical concept for Science 
explained; and experiment group students is used 
express magic tape measure contains of science 
concept for research teaching, provides students 
exploration its and magic rod has similar of 
science concept (such as stretch aspects in 
conversion into kinetic energy), by this district 
differentiation metaphor of tells teaching and 
express of research teaching way, respectively 
for the control group and treatment group 
students ' understanding of science concepts and 
impact of constructing scientific models. Five 
samples, research and research on data 
processing of the treatment group eight grade 
regular classes A1 to 35 students (boys and 19 
girls 16 people) used magic of science inquiry 
teaching of physics, and in another regular class 
A2 to talk about physics teaching control group 
of 35 people (boys and 20 girls 15 people) for the 
study sample. Treatment group and the control 
group teaching time is one month, that is, from 
the first scientific achievements evaluation (first 
test) between the end of the second world science 
learning achievement assessment (second test) 
period. In the teaching of the above before, twice 
before engaging in the research and development 
of high reliability and validity "Physics concept 
tests" before logging, and "Physics concept tests" 

with "simple machines" as the main test content, 
a total of 10 questions designed to test tools. The 
test questions in a two-stage test (two-tier test), 
first asked the students selected answer, again 
selected by the students fill in the answers on the 
grounds (Science), optional answers and reasons 
are correct and match the answer before. For 
example question 1th 1. "ramp" for the 
machinery of what features? (a) labor-saving, 
saving time, the provincial power (b) labor-
saving time, no province (c) effort, saving power 
and, when they do not (d) easily, saving time, 
saving power. You write the answer, submit your 
reasons (scientific explanation). First, entitled as 
aforesaid, if the students fill out the wrong 
answer (a), (c) or (d), regardless of the reason is 
correct, no score; and fill in the correct answer is 
(b), the reasons for errors, no award. For 
example, Second, as shown in the following 
illustration, objects from the smooth slope top 
sliding down "during the compression spring", 
its energy how to convert? (a) the kinetic energy 
is converted into gravitational potential energy 
and elasticity potential energy (b) elastic 
potential energy into kinetic energy and 
gravitational potential energy (c) elastic potential 
energy and kinetic energy converted to 
gravitational potential energy (d) converting 
gravitational potential energy to kinetic energy 
and elasticity potential energy. You write the 
answer, submit your reasons (scientific 
explanation). 

 

If the 2nd question, students fill out the wrong 
answer (a), (b) or (c), regardless of the reason is 
correct, no score; and fill in the correct answer is 
(d), but reasons for errors, no award. This quiz 
after review by two experts on science education, 
surveying the 246 students, and then take 
effective samples for reliability analysis of 198, 
alpha value is. 85 as well as scoring two Institute 
for science education doctoral student, rater 
reliability. 92, experts said the test materials with 
high reliability and validity. After teaching, two 
to both the test after test, previous test results as 
a global variable, later test results as variables, 
covariates analysis again, and finally compare 

Fixed and light spring 

frictionless 

cureled magic tape 
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differences between two classes of physics 
concept tests for significance level. 
Quantified data processing, research results and 
discussion results and discussion based on the 
research after experimental treatment, treatment 
group control group A2 and A1 of the simple 
machines unit tests before and after the test 
regression coefficients within a group 
isomorphism testing, F=3.384, p=.07 (>.05), 
meet-isomorphism testing. Two groups of 
average and standard deviation before and after 
adjustment, as shown in table 1: table 1 simple 
machines unit tests before and after the 
adjustments mean and standard deviation. 

Result and discussing 

Quantitative study on the data processing results 
and discussion according to the experimental 
treatment, treatment group control group A2 and 
A1 of the simple machines unit tests before and 
after the test regression coefficients within a 
group isomorphism testing, F=3.384, p=.07 
(>.05), meet-isomorphism testing. Two groups of 
average and standard deviation before and after 
adjustment, as shown in table 1: 

G
ro
u
p 

num
bers 

pre-
adjusted 
average 

pre-
adjusted 
standard 
deviation 

adjusted 
average 

adjusted 
standard 
deviatio
n 

A
1 

35 102.26 21.42 102.40 .79 

A
2 

35 87.11 20.09 86.96 .79 

Table1. The scores of simple machines test in 
average and standard deviation 

Table 1 shows the adjusted mean for the 
experimental group than the control group. 
ANCOVA shown in Table 2. 

variation SS df MS F 
covarienc
e 

27825.9 1 27825.9  

between 
groups 

4177.7 1 4177.7 187.3 

errors 1494.6 67 22.3  

***p<.001 

Table2. The summary table of covarience 
analysis of the simple machines test 

From table 2 that, F=187.3, p=.000 <.001, 
significance level, and the volume of teaching 
effects(Partial Eta Squared). 74, said after 
teaching and experiment on the Group's 

performance in the simple machines unit tests 
than a control group with high results. Based on 
the above analysis of quantitative data in this 
study show after teaching, the treatment group in 
the simple machines unit tests, better than the 
control group and of a significant level. 
Therefore, this study uses qualitative data 
analysis and discussion in order to learn more 
about experimental study on modeling for the 
sets of teaching history, resulting in learning 
science concepts than about the teaching of the 
control group of causes. II, and mass sexual data 
analysis and discussion according to this research 
of research design and classroom observation, 
against group is not for Science magic of built 
die research teaching, teachers is to teachers 
manual for this and according to textbooks 
content of tells way for teaching, so against 
group is not for Magic play rod and magic tape 
measure of research teaching activities, teachers 
only according to textbooks content describes of 
stretch aspects in, and bevel, and spiral, simple 
machinery of concept. 
The control group students after the above 
described method of teaching, teachers model 
magic elastic rod with magic tape measures with 
a view to understanding "after the students in the 
teaching of scientific concepts of metaphor, 
scientific explanation can be used in magic, or 
establishment of appropriate scientific models". 
Researchers found after classroom observation, 
control group students and what they learn 
simple mechanical concept could not be applied 
to these two scientific explanations of scientific 
magic, for example, when teachers ' questions: 
"does have magic bullet stick presentation, what 
the concept of simple machines?" Control group 
most of the students wrote: "magic elastic rods 
being curled up, hiding in their hands, then 
catapulted into a magic wand!"  
Teacher expressed the magic of elastic rod with 
simple machines physics concepts and treatment 
group students real magic elastic rod with magic 
tape, ask the students to scientific explanations 
for the following issues, so as to see if the 
treatment group of students through explicit 
teaching, and construct the appropriate scientific 
models. 
1. The magic elastic rod with magic tape of the 
same or different?  
2. Which scientific concepts involved two 
magic?  
Have you ever tried to learn a scientific 
explanation of the concept note or drawing. On 
the above, such as the treatment group of small 
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new instructions, 1th issues, as well as drawing 
magic elastic rod model of, respectively, as 
shown in the transcription of the following data:  
1. Magic stick is composed of inclined section by 
section with a spiral structure. However, the 
measuring tape is coated with the whole length 
of the flexible steel bar.  
2. Elastic rod and tape measures can be 
compressed, stored potential energy, after you let 
go, converted into kinetic energy of the ejection 
seat. 

 

Figure 3. The magic elastic rod’s model 

A10325 
According to the above transcription data, as 
shown in Figure 3, an treatment group of small 
description new magic bullet bar "consisting of 
beveled section by section. Constitute a helical 
structure meaning, little new construction, the 
magic play the great scientific models, bevel and 
spiral (structure) of rational scientific 
explanation. In addition, little new has further 
discovery and description as appropriate, magic 
elastic-rods and magic tape measure between the 
two has "elastic potential energy into kinetic 
energy" of the physical mechanism of the 
common. Substantially in the treatment group by 
magic bullet bar modeling for the exploration of 
the history, are able to draw up a similar 
scientific model, and "slope" and "Helix" 
explanations of concepts such as physical 
mechanism of operation contained in the model. 
Control group benefit us after teacher 
demonstrates magic elastic-rods and magic tape 
measure is described, respectively, as shown in 
the transcription of the following data: "play 
sticks and tape measure is just a magic props, 
bounced off straight after. Magic elastic rods and 
magic tape is compressed, and play 
automatically let go. Props for your very special.            
A20328 
Although Buttitta, La Baff and Lundgren (2007), 
as well as Shalit (1998) point out that "magic is 
not only magic, also often contain scientific 
elements. "However, the qualitative data from 
the above analysis that the use of metaphor about 
teaching in the control group students and lack of 
awareness in the magic inherent in scientific 

concepts, such as bevel, spiral, the concept of 
potential energy into kinetic energy, and so may 
not be able to construct their own models, all in a 
simple intuitive way to pure magic techniques or 
considered magic. While the treatment group of 
students through the express modeling for the 
exploration of the teaching of scientific concepts, 
most scientific explanation: "magic elastic rod 
for a helical structure with beveled to form...", 
and "magic and magic tape measure elastic rods 
are stored elastic potential energy, transformed 
into kinetic energy and magic shows. 
"Restaurant, and research conclusions and 
recommends and teaching reflection a, and 
research conclusions according to this Institute 
design of science magic research teaching of 
physical courses, and simple machinery unit quiz 
results before and after measuring proceeds 
results of total variable analysis learned that, 
experiment group in physical concept quiz 
(simple machinery unit) results of performance 
Shang over against group, has height of effect 
volume, displayed science magic research 
teaching in teaches students learning above 
physical area of concept understanding Shang 
over tells type teaching way; The study found 
students in practical classes, the treatment group 
than the control group students more active, 
stimulating curiosity and willingness to ask 
questions. In addition, the researchers also found 
that the treatment group of students to this 
modeling study teaching in the course of surprise 
to students of the science behind the magic 
textbook and involve the basic physical concepts 
(simple machines), such as elastic potential 
energy converted to kinetic energy, torque, 
helical or bevel, and concepts such as action and 
reaction.  
Therefore, dang shows same of magic Shi, 
against group students and cannot to above of 
physical concept made science explained, most 
students still thought magic just techniques of 
performances or magic props hidden organ, also 
cannot perceived Magic play rod by contains of 
science model, and operation mechanism and 
science concept, very and also cannot as 
treatment group students, sleep known Magic 
play rod and magic tape measure Zhijian has 
common of physical concept (simple machinery 
of principle). II, and research recommends this 
research according to research of results and 
discussion made following research 
recommends, to provides teachers or researchers 
follow-up to science magic established science 
model of related teaching research of reference:  

inclined plane mechanics 

bounced to two sides 
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1.This research does not further design students 
for scientific model of understanding of 
evaluation tools, and science concept of 
understanding and science model of relationship 
why? To be development understanding science 
model of evaluation tools and further analysis, by 
this in-depth discussion students’ cognitive 
development and its construction model of 
relationship.  
2.This study uses the underlying scientific 
principles to this magic teaching aids, provide 
and assist students in exploring and 
understanding the concept to establish accurate 
scientific model, treatment group of students are 
basically the reasonable application of scientific 
concepts to interpret what they construct models, 
however, many tricks are. 
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Abstract. A series of hands-on class 
experiments and creative projects in Physics and 
Engineering are presented. Developed for high 
school and college course of Physics and 
summer academic programs they were 
repeatedly practiced and regularly updated 
based on the students’ feedback. Activities 
require only the most common low-cost 
materials: tap water, plastic bottles, tea bags, 
paper, wire, paperclips, and the likes. Although 
originally designed as the entertaining Physics 
tricks, all the presented experiments are made 
strongly instruction-oriented. Related topics 
include among other, Pressure, Buoyancy, 
Archimedes Law, Relative Motion, Friction, and 
Motional Optical Illusions. All the presented 
activities are open-ended; focused on the 
counter-intuitive solutions and designs. 

Keywords. counter-intuitive phenomena, low-
cost hands-on experiments,.open-ended creative 
projects 

1. Introduction 

Counter-intuitive solutions are especially 
efficient to develop students’ creativity. Some 
widely or less know low-cost experiments 
provide for an immediate hands-on application of 
the students’ suggestions. While Physics of the 
reviewed below phenomena and apparatus is 
pretty different, they are all united by common 
creative approaches to their explanation and 
further development. 
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2. Cartesian Diver scrutinized 

Cartesian Diver, a centuries old Physics toy, 
remains among the most enjoyable educational 
apparatus. Moreover, contemporary materials are 
helpful in avoiding a gross misconception which 
students easily develop when experimenting with 
an original Cartesian Diver. Its standard design 
[1] provides for a small open container (a 
‘diver’) partly filled with air and floating upside-
down in the jug of water. A flexible membrane 
(e.g. a rubber balloon) is stretched over the top of 
the jug, separating its inside from atmospheric 
air. Pushing of the membrane down with a finger 
makes a small container dive. Moving the 
pressing finger upward lets the ‘diver’ rise. 
Although the only reason of the ‘diver’s’ 
changed behaviour is the variation of pressure 
inside the jug, students too often wrongly 
attribute it to the direction of motion of the 
pressing finger.  
Airtightly capped plastic bottles not only make a 
membrane unnecessary. The way they are 
squeezed to increase pressured completely 
eliminates the danger of the above 
misconception. 

2.1. Cartesian ‘riser’ 

Another design variation helps students 
overcome a common mistake due to inertia of 
thinking: squeezing of a closed container 
increases its inner pressure. This is not true ‘by 
default’, though. In particular, pressing of an 
elliptical shampoo bottle along its major semi-
axis (arrows in Fig. 1) tends to increase its 
volume thus reducing the pressure. That will 
make a Cartesian ‘diver’ rise inside the bottle, 
causing a lot of surprise and questions from the 
students [2, 3]. 

 

Figure 1. Elliptical container for a Cartesian 
Diver (section) 

Squeezing same bottle along the minor semi-axis 
sinks the ‘diver’. 

2.2. Cartesian Diver’s surprising 
dynamics 

Creative observation of a highschool student [4] 
initiated a project to study dynamics of Cartesian 
Diver’s motion. Diver’s buoyancy is easily 
regulated by adding some extra weight, e.g. bits 
of paperclip wire. Highly buoyant divers are very 
hard to force down, but when external pressure is 
released they start up like a rocket. Overweight 
’divers‘ plummet once the bottle is squeezed and 
rise back slowly and lazily when external 
pressure is released. 

3. Launching a tea-bag rocket or Why is it 
so cold in the high mountains 

Launching a tea-bag ‘rocket’ is a students’ 
favourite activity, especially when staged as a 
fiction story. In the story, tea-bag parts are 
designated as presented in Fig. 2. Their 
consecutive cutting is explained to be done for 
the sake of the rocket’s cost-saving.  

 

Figure 2. Tea-bag ‘rocket’s’ parts 

To launch the ‘rocket’ its emptied paper body is 
ignited. Supporting the intrigue up to the very 
end, the ‘rocket’ takes off only when burnt to 
ashes. Flow of rising hot air is not strong enough 
to move more massive paper bits, Fig 3. 

 

Figure 3. Launching of a tea-bag ‘rocket’ 
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alternating the directions of twisting and other 
creative versions of this apparatus. The most 
interesting variations undermine students’ inertia 
of thinking by using materials that at a glance 
seem totally unacceptable (e.g. very soft and 
rough wire). 
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Abstract. Workshops based on forensic biology 
theme can help to inform the public about the 
possibilities and limitations of the used methods. 
The workshop is based on investigation of a 
fictitious criminal act. During our workshop, you 
will try some basic techniques of forensic 
investigation and interpretation of the obtained 
results. The work is designed to help students 
understand the principles of the methods and 
scientific work in general. 
We will use professional equipment as well as 
cheaper but equivalent one which is sufficient for 
school practise. 

Keywords: forensic science, blood, 
fingerprints, trichology, proof of saliva. 

1. Introduction 

Students are influenced by mass media every day 
and they suffer from an overload of information. 
The problem is to differentiate between good and 
credible information (and information source) 
from the other. Forensic science information 
isn’t an exception. It is presented in crime series 
as easy and straight forward in contrast to the 
reality of sometimes time consuming and always 
care demanding investigation and analysis. 
[1],[2]. Crime investigators of course have to 
respect the law and use the correct methods and 
techniques. 
We have prepared this workshop to show more 
real situation. The participants will try some 
basic criminal techniques and procedures. This 
workshop can help them to understand that the 
crime investigation is more complex than the 
media show. 
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The workshop covers following topics: 

• A fingerprint identification – participants 
will obtain an object of interest to collect 
fingerprints and compare them with the 
“database”; 
• Blood samples – participants will 
distinguish between stain, blood sample or 
potential human blood sample and then 
determine the blood group;  
• The proof of saliva in sample – finding 
out whether it is useful (necessary) to carry 
on with DNA analysis; 
• A forensic trichology – participants will 
get samples of fibre to recognize its origin 
(animal hairs, human hair, plant fibre or 
synthetic fibre). 

2. Material 

We will use some special instrumentation for this 
forensic workshop. The participants can choose 
among sophisticated professional (more 
expensive) instruments and simple (cheaper) 
ones not used in professional laboratories. For 
special analyses like blood sample analysis it is 
necessary to use professional equipment. The 
particular equipment used in each part of the 
workshop is mentioned in the description text. In 
addition the teacher/lector should have a 
notebook or a computer and a data projector to 
present a fictive crime scene. 

3. Methods 

This workshop lasts 90 minutes; recommended 
number of students is up to 20. We start with a 
short motivational presentation which gives the 
participants the details needed and the tasks. 
After this first part there are approx. 15 minutes 
for each theme. The rest of the time is reserved 
for presentation of results and the evaluation of 
the whole workshop. Participants work in four 
groups. Each starts with one theme and after 
finishing the task they move to the next theme. 
Methodological description of the themes is 
written follows. 

3.1. Tale 

For better motivation, it is appropriate to prepare 
a brief story about a fictitious crime. Something 
like murder or the death of unknown reason is 
advised. For this reason we use PowerPoint 
presentation with short description and some 

photos from “crime scene”. Because of the aims 
of the workshop, it is necessary to prepare and 
photograph some suitable properties (bottle for 
fingerprinting, bloody objects, envelops and 
some fibres - see–below). 
Fig. 1 and Fig. 2 show some photos from our 
crime story. 

3.2. Fingerprint identification 

Students can work individually. 
Dactyloscopy is a criminalistics method based on 
recognition lines at finger pads (papillary ridges) 
[3]. Fingerprint marks are very common; 
fingerprints origins, when skin on finger touches 
the object/pad. 
Identification is based on searching similar 
markers (i.e. shape, position and distance of 
papillary ridges). Distribution of these marks is 
unique for each single human being. Figure 
shows some of basic mark types [4] (Fig. 3). 

 

Figure 1. Crime scene. 

 

Figure 2. Crime scene. 

For this theme students need fingerprint kit – it 
contains Fibre Brush (the cheaper very soft 
cosmetic powder brush can be chosen), Standard  
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Abstract. In this paper we shortly discuss the 
approach adopted by consortium members of the 
FP7 ESTABLISH project from across 11 
European countries, to address the challenge of 
implementing IBSE on a wide scale across 
Europe. The ESTABLISH project’s main 
intention is to develop and deliver Professional 
Development for as well pre- as in-service 
training of teachers. Within the project core 
elements and additional elements have been 
identified for these trainings. One of these 

elements is the use of ICT integrated in IBSE 
lessons. For this element a variety of support 
materials has been developed. These materials 
are organized in a Moodle environment and 
meant for blended settings, enabling an efficient 
course with limited life meetings.  
Course materials are applied by several partners 
of Establish in different settings (up to now in 
Slovak Republic, Italy and The Netherlands). The 
aims and set-up of course the ICT in IBSE course 
and first experiences with the courses like 
learning results of participants based on PhD 
research will be discussed. 

Keywords. IBSE, ICT, Science education, 
Teacher training  

1. ESTABLISH teacher education 
program 

Inquiry-based teaching is an organized and 
intentional effort on behalf of a teacher to engage 
students in inquiry-based learning. The goal of 
inquiry teaching is not solely to transfer 
scientific knowledge, facts, definitions, and 
concepts, but rather to enhance students’ ability 
to reason and to become independent learners 
who are capable of identifying main questions 
and find relevant answers by a gradually 
acquisition and expansion of a body of scientific 
knowledge and abilities. It is a student-cantered 
approach to science learning and a range of types 
of inquiry activities exist which correspond to 
the degree of teacher’s guidance and student 
independence involved.  
The overall model of the ESTABLISH teacher 
education program has been designed to 
accommodate cultural variations among 
beneficiary countries and to be adaptable to 
facilitate both the timing of science teacher 
education workshops and to also cater for the 
varied experiences of the teacher participants. It 
is specifically built around the IBSE units that 
have been developed within the ESTABLISH 
project and consists of a common core supported 
by additional materials and resources to address 
aspects of implementation of IBSE within real 
classrooms. 
Teachers’ professional development includes 
development of both their understanding of IBSE 
and their ability to develop students’ skills in 
IBSE. The aim of the program is that the teachers 
develop general skills and competences to 
implement IBSE and to also be able develop 
their own materials aligned with the IBSE 
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framework. The overall structure is shown in 
Fig. 1. 

 

Figure 1. Framework for ESTABLISH Teacher 
Education 

The model involves a core number of elements 
(four elements) that form the backbone of all 
ESTABLISH teacher education programs. The 
core is then supported by a number of other 
elements (V to XII) that can be implemented as 
required to suit local teachers, environment, 
curriculum etc. At the very center of all science 
teacher education programs are the exemplary 
inquiry units that have been developed by 
ESTABLISH. These units will be used as 
exemplars of good inquiry practices. 
Each element is not necessarily of the same 
extent and duration during implementation. Each 
element addresses a different topic and forms the 
basis of background information for some 
science teachers or can be a component of the 
science teacher education program in other cases. 
The length of time devoted to each element is at 
the discretion of the science teacher education 
program providers, based on the experiences and 
background in IBSE of the particular teacher 
group. 

a) A short description of these elements: 

I. ESTABLISH view of IBSE – outline 
ESTABLISH view of inquiry, benefits to 
learning, role of inquiry in curriculum, provide 
direct experience of inquiry, ethical issues 
II. Industrial Content Knowledge (ICK) – 
industrial linking – provision of authentic 
experiences informed by industry or real 
applications. 
III. Science Teacher as Implementer - followed 
by implementation in classroom.  
IV. Science Teacher as Developer – evaluation 
of classroom experience; identification of further 
needs.  

V.  Classroom Management – address issues of 
developing and managing a student-centred 
classroom.  
VI. ICT – develop confidence and competence in 
the effective use of ICT in teaching and learning 
of science and appropriate use in inquiry-based 
teaching/learning in inquiry. 
VII. Argumentation in the classroom – 
address skills to develop and manage effective 
argumentation in the classroom. 
VIII.  Questioning Skills for Inquiry – address 
the posing of questions that lead to inquiry 
activities and also to develop skills to ask 
appropriate questions to guide the inquiry 
process. 
IX. Research and design projects for students – 
providing authentic experiences – address the 
development of these ideas, what aspects provide 
authenticity, student ownership and endorsement. 
X. Assessment of IBSE – address assessment of 
many aspects of inquiry; how assessments can be 
changed to provide value to the skills (cognitive, 
affective etc.) linked to IBSE. 
XI. Critiquing activities for IBSE – key area to 
be addressed is to critique activities to identify 
the areas of inquiry that are connected with 
particular activities. 
XII. Evaluating evidence – address the 
evidence from scientific experiments to 
determine the conclusions that can be made from 
the data, and how these can lead to further 
investigations. 

b) The element VI: The use of ICT in IBSE 

For a long time we know ICT might stimulate 
and enable Science education in a direction that 
brings (high school) students in a similar position 
as researchers in science. Within the Establish 
project the learning environment Coach is used. 
Coach combines the powerful tools for 
measurement with sensors, advanced video-
analysis up to numerical modelling and 
facilitates realistic and authentic research 
projects by students. 
Detailed information about the Coach Learning 
Environment can be found in Heck et al (2009) 
or in Ellermeijer (2013). Several learning units 
developed in the framework of Establish do have 
integrated activities in which the Coach 
environment and its related hardware (interfaces, 
sensors) are used. 
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2. Preparing teachers for the use of ICT in 
IBSE through a training course 

2.1. Course background and boundary 
conditions 

Our project aims to develop a training course for 
both pre-service and in-service secondary 
science teachers on the integration of the Coach 
tools (Figure 2) into IBSE lessons. Participants 
will not only learn to use the ICT tools to study 
Physics/Chemistry but also learn to apply them 
to teach inquiry-based Physics or Chemistry 
lessons. This is a deep learning process whereas 
the area of ICT skills and ICT application in 
IBSE is very large. Participants may face science 
and ICT conceptual issues of using a particular 
ICT tool. They may also have to deal with the 
issue of getting students mainly focused on 
minds-on science learning and meaning making 
rather than solving ICT problems. In this 
process, participants will need not only the ICT 
facilities but also much time and proper support. 

 

Figure 2. The three ICT tools: data logging, 
video measurement, and modeling within the 

Coach learning environment (source: 
http://www.cma-science.nl/)  

In the Netherlands, to balance among many 
courses, teacher education institutes cannot 
allocate many more credits to the ICT course. It 
is also hard for teachers and schools to invest 
much time for intensive in-service courses 
because of the demanding job in daily school 
practices. Therefore, to achieve effectiveness of 
participants' learning on integration of ICT into 
IBSE, the time constraint should be taken into 
account.  
Data from our studies in context of the 
Netherlands show that participants of the ICT-
IBSE course have considerably different 
experience, interest, and teaching conditions in 

school. Generally, they are teachers of different 
subjects (physics, chemistry, or biology) with 
various teaching experience (no teaching 
experience; few months of teaching as 
internship; few years of teaching as paid 
teachers; or many years of teaching as in-service 
teachers). Especially, some new pre-service 
teachers left the university 10 – 20 years ago and 
are now shifting career to teaching. About 
mastery of the ICT tools, some teachers are quite 
familiar or moderately familiar, whereas some 
others have no experience with data logging, 
video measurement, or modeling. Familiarity 
with particular tools is also different: more to 
data logging, less to video measurement and 
modeling. Additionally, some participants' 
schools have sufficient software, sensors, 
interfaces, computers, etc. for learning and tryout 
of ICT in IBSE, but some others do not have 
sufficient ICT facilities. Participants teach at 
various levels of students, first or last years of 
HAVO (high) or VWO (medium), so 
possibilities and demand for application of the 
ICT tools in class are different as well. In brief, 
participants turn out to have heterogeneous 
backgrounds, so this boundary condition should 
be taken into account in designing the ICT-IBSE 
course. 

2.2. Principles underlying the course 
design 

2.2.1. Design principle 1 about a complete 
cycle of designing, executing, and 
evaluating an ICT-IBSE lesson 

Literature on effectiveness of PD shows that 
traditional training course will only be effective 
when supplemented by expert or peer coaching 
and other school-based activities (Fullan, 2007). 
According to Joyce and Showers (2002), 
effective training generally includes an 
exploration of theory, demonstrations or 
modeling of skills, simulated practice, feedback 
about performance, and coaching in the 
workplace. Changes in teachers' attitude, the 
transfer of training, and the appropriate, 
consistent use of new strategies in the classroom 
should be considered as well. Moreover, hands-
on practice is more critical than theory and 
demonstration in a technology-based training 
course (Thurston et al., 1997). It is essential to 
create the proper conditions for teachers 
personally to prepare work plans and teaching 

Data logging: enable you to collect data 
via interfaces and sensors

Video measurement: enable you 
to make measurements on video 
clips

Modeling: enable you to use & create 
numerical models of dynamical changing 
systems 



10th International Conference on Hands-on Science 
Educating for Science and through Science 
© 2013 HSci. ISBN 978-989-98032-2-0 

 

 

293 

materials for their students (Borghi et al., 2003). 
Applying ICT as lab tools in IBSE, science 
teachers may face fundamental, practical issues 
related to laboratory in science education. In a 
review of decades of laboratory use in science 
education, Hofstein and Lunetta (2004) reported 
that many activities in laboratory guides continue 
to offer “cook-book” lists of tasks for students to 
follow ritualistically. They do not engage 
students in thinking about the larger purposes of 
their investigation and of the sequence of tasks 
they need to pursue to achieve those ends. 
Students often perceive that the principal purpose 
for a laboratory investigation is either following 
instructions or getting the right answer. Students 
often do not connect the experiment with what 
they have done earlier. Therefore, teachers need 
to devote a greater proportion of the lesson time 
to helping students use ideas associated with the 
phenomenon they have produced rather than 
seeing the successful production of the 
phenomenon as an end in itself (Abrahams & 
Millar, 2008). Additionally, Marx et al. (1998) 
argued that science teachers often have difficulty 
helping students ask thoughtful questions, design 
investigations, and draw conclusions from data.  
It should be a priority for participants to go 
through at least one complete cycle of designing, 
executing, and evaluating an ICT-IBSE lesson. 
This provides a condition for hands-on practice 
and classroom experiences for participants with 
all aspects of integration of ICT into IBSE. It 
also creates opportunities for participants to 
recognize and deal with the issue of cookbook 
vs. inquiry use of the ICT tools or science and 
ICT issues in using a particular tool (modeling, 
video measurement, or data logging) in class. 
Through this cycle, participants may be more 
able to analyze factors of the ICT integration in 
IBSE, so getting more motivation to apply the 
ICT tools in science teaching in an innovative 
manner.  
All in all, because of boundary conditions of the 
course and above arguments from literature, we 
define a principle underlying the course design 
that: If you want to develop an effective training 
course for science teachers to master integration 
of ICT into IBSE, then you are best advised to 
make proper conditions during the course for 
participants to try out classroom activities 
through a complete cycle of designing, executing, 
and evaluating an ICT-IBSE lesson.  

2.2.2. Design principle 2 about awareness 
of possibilities of the ICT tool and a focus 
on deeply learning only one tool by choice 

Training courses typically include large group 
presentations and discussions, workshops, 
seminars, colloquia, demonstrations, role-
playing, simulation, and microteaching that share 
large-scale ideas and expertise among teachers 
and teacher trainers (Guskey, 2000). Through the 
training course, it is possible for participants to 
achieve awareness of possibilities of the ICT 
tools in science teaching, which is the first level 
of learning on integration of ICT into IBSE. This 
awareness will bring the motivation of the 
participants to learn further on their own beyond 
the course. In the time constraint condition of the 
course, participants cannot learn all the ICT tools 
deeply. However the awareness of possibilities 
will help them to choose a first priority tool that 
they really desire or need to learn. 
With only one tool by choice, a participant will 
have more time to achieve real mastery of the 
particular tool in both TCK and TPCK aspects. 
Furthermore, the three ICT tools, taught in the 
course, are integrated in the same computer 
environment, Coach. As a feature of Coach, a 
user, who has experience with one tool, can learn 
other tools easier and faster. Hence, once the 
participant specializes in one of the Coach tools, 
the perspective of using Coach makes it possible 
that later, based on experience of deeply learning 
in one tool, she/he can learn and apply other 
tools on her/his own.  
In brief, because of boundary conditions of the 
course and the features of the computer 
environment, we define another principle 
underlying the course design that: 
If you want to develop an effective training 
course for science teachers to master integration 
of ICT into IBSE, then you are best advised to 
make proper conditions during the course for 
participants to become aware of possibilities of 
the ICT tools in science teaching and to focus on 
learning and applying only one tool by choice.  

2.2.3. Design principle 3 about a blended 
setting including training sessions, in-
between tasks, and an online platform 

Many researchers argue that just training in 
an isolated event is not effective. A 
shortcoming of training is that it offers few 
opportunities for choice or individualization, 
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so it may not be appropriate for varied levels 
of teachers' skills and expertise (Guskey, 
2000). Moreover, the application of skills is 
much higher when professional development 
includes theory, demonstration, practice with 
feedback, and peer coaching with follow-up 
(Joyce & Showers, 2002). Thus, in order for 
participants to retain and apply new 
strategies, skills, and concepts, they must 
receive coaching while applying what they 
are learning. Training sessions, therefore, 
also must be extended, appropriately spaced, 
or supplemented with additional follow-up 
activities to provide the feedback and 
coaching necessary for the successful 
implementation of new ideas (Guskey, 
2000).  
The blended setting that emphasizes in-
between tasks with supporting materials 
(besides training sessions) may suit to the 
boundary conditions of the course. It may be 
appropriate for considerable differences of 
participants' experience, ICT expertise, and 
teaching conditions in schools. Although 
following the same learning scenario, 
participants will go in different directions by 
flexible options of learning contents, pace, 
materials, and time with which they feel most 
convenient, confident, and effective. However, a 
crucial issue is how to keep participants on task 
while participants will mostly work in distance 
learning mode. In this case, participants need an 
online platform where they can access various 
supporting materials and receive timely feedback 
and coaching from teacher trainers. 
In conclusion, because of boundary 
conditions of the course and above 
arguments from literature, we define another 
principle underlying the course design that: 
If you want to develop an effective training 
course for science teachers to master integration 
of ICT into IBSE, then you are best advised to 
support participants' learning through a blended 
setting including the course sessions, in-between 
tasks, and an online platform with supporting 
materials and with close supervision. 

2.2.4. Course design 

The training course design is a proposal for 
implementation of the design principles. The 
right part of Figure 3 shows the proposed 

training process that includes sequences of 
training sessions (in contact time) and in-
between tasks (out of contact time). The left part 
presents proposed participants' learning scenario 
that matches with the training. 

 
 Activities at the course venue (in contact 

time) 
 Activities at schools (out of contact time)  

Figure 3. Participants' learning scenario 

Participants firstly get an overview of the ICT 
tools for IBSE (going broad on surface). Then 
they will personally choose which particular tool 
they want to learn and apply in classroom as a 
part of IBSE (going narrow & deep to the core). 
Participants are expected to fulfill the learning 
scenario with proposed main activities shown in 
Table 1. For this learning scenario, the time for 
in-between tasks is broadened for participants to 
be able to work with their own competence, 
experience, and interest flexibly. However, 
working on their own is the hardest time for 
participants because of distractions and 
difficulties. Therefore, we offer supporting 
materials and timely help via a Moodle platform. 

Training 
process 

Main activities 

Session 1 Getting basic concepts, skills, and 
possibilities of the ICT tools in 
science teaching (Fig. 4a) 

1st in-
between 
task 

Practicing only one tool (data 
logging, video measurement, or 
modeling) to get the advanced skills 

Session 2 With the chosen tool, preparing an 
ICT-IBSE lesson plan and a related 
ICT activity (Fig. 4b) 

2nd in-
between 
task 

Trying out the ICT-IBSE lesson in 
class (Fig. 4c) 

Session 3 Presenting and evaluating the ICT-
IBSE tryout (Fig. 4d) 

Table 2. Main activities during the course that 
links to the figure 3 
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I. Questionnaires: Pre-course questionnaire, 
Post-course questionnaire, Follow-up 
questionnaire 
II. Observation: Observation of course sessions 
by the researcher, Observation of course sessions 
by the teacher trainers, Observation of classroom 
tryouts 
III. Documents: The 1st task report with the 
Coach result files; The 2nd task reports: an ICT-
IBSE lesson plan, a Coach activity, a classroom 
video, and a tryout evaluation; Students' learning 
products; Emails among participants and teach 
trainers 
IV. Interviews: Interview to participants, 
Interview to teacher trainers 

Figure 6. The optimization process of the course 
general through case studies (adjusted from 

Knippels, 2002) 

3.2 Participants' learning process and 
outcomes 

In this paper, we present some of the data from a 
case study in context of an ICT-IBSE course for 
12 pre-service physics, chemistry teachers from 
VU University Amsterdam and Utrecht 
University, The Netherlands. 
Participants spent about 2 hours for pre-course 
preparation, 3.5 hours and 7 hours for the first 
and second tasks. That 12.5 hours in total for 
learning in distance compares are more than 9 
hours for contact time is reasonable good. We 
defined some factors (Table 3) that influence the 
participant's distance learning. Three most 
influential ones are about awareness of benefits 
of performing the tasks; sufficient learning 
conditions such as time, equipment, and school 
supports; and timely help from teacher trainers. 
All participants proved that they are able to 
design a lesson plan for application of ICT tools 
in inquiry manner. 11/12 participants 

accomplished tryouts in schools. In other words, 
they went through a complete cycle of designing, 
executing, and evaluating an ICT-IBSE lesson. 
The course sessions went quite well, but 
participants desired more time for hands-on 
activities (Fig. 7) such as in-group learning of 
basic skills with particular tools (in first session) 
and in-group preparation of a Coach activity and 
an IBSE lesson (in second session). 

 
Less = - 1, Unchanged = 0, More = 1 

Figure 7. How participants prefer to change the 
time consumed for each activity in each session  

Participants' familiarity with the Coach tools 
increased reasonably through the course (Figure 
). A few participants gained advanced level of 
using ICT tools as they developed their own, 
new Coach activities with little or no support 
from the teacher trainers. The ways participants 
applied the ICT tools in inquiry-based science 
teaching were quite different. Depended on ICT 
facility, the teaching agenda, the topic of ICT-
IBSE lesson, the level of students, etc., 
participants could try out in context of a school 
project, a whole class, or a small group following 
different types of IBSE such as interactive 
demonstration, guided inquiry, or open inquiry. 
With experience and success of learning to use 
and apply a Coach tool during the course, most 
of the participants are confident to learn and 
apply other tools on their own (Figure ). 

 

Figure 8. Participants' familiarity with the ICT 

 
Theoretical 
& practical 
exploration 

Design principles underlying the ICT-IBSE course 
 

Course 
design 1 

Course 
design 2 

Course 
design n 

Case 
study 1 

Case 
study 2 
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First 
cycle 

Second 
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tools 

 

Figure 9. How confident participants are in 
learning & using the other tool(s) which they did 

not study during the course 

 Factors Rating 
Your awareness of benefits of 
performing the tasks 

3.83 

Sufficient learning conditions such as 
time, equipment, and school supports 

3.67 

Timely helps from teacher trainers 
when you encounter difficulties, and 
then ask them 

3.5 

Emails somehow reminding you about 
the task  

3.42 

The requirement that you must present 
your task results in the meetings 

3.33 

Obvious task descriptions including 
clear deadline 

3.18 

The convenient online platform where 
you can find solutions for your 
problems by yourself  

2.5 

1 = not at all influential, 2 = slightly influential,  
3 = moderately influential, 4 = very influential,  
5 = extremely influential 

Table 3. Factors influence the participant's 
distance learning 

4. Conclusion 

The first try-outs with the course showed us it is 
possible within a limited time to bring teacher-
students to a reasonable level of competences 
regarding the use of ICT in their IBSE-lessons. 
The blended set-up seems to contribute to this 
result, under the condition students really spent 
considerable time outside the meetings. 
Already the course is trialed for an in-service 
course in Kosice, Slovak Republic. Other case 
studies are planned in Palermo and Hanoi, and 
further rounds of development are planned based 
also on trials in The Netherlands.  
Final conclusions on the effects of the course 
will be based on long-term effect measurements: 

will the teachers be able to learn the other tools 
on themselves, how strong do they really 
implement ICT in their lessons. These results 
will be published in coming years. 
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Abstract. Inductive approach to a science 
content is a prerequisite to a critical way of 
thinking and scientific literacy. It is important 
not only to understand the basic science concepts 
but it is also essential to learn how to acquire 
them so they become useful in one’s life. 
A set of interconnected inquiry based activities 
from the field of biochemistry for pupils at lower 
secondary level (ISCED 2) is presented. 
Activities dealing with invisible world of 
microorganism offer opportunities to practice 
science process skills through number of 
stimulating situations.  
The series was developed as a part of continual 
professional development training for in-service 
science teachers. 

Keywords. Science process skills, critical 
thinking, scientific literacy, inductive way of 
teaching, microorganisms. 

1. Introduction 

Instructions leading toward a critical way of 
thinking and a scientific literacy are the key 
goals in today (not only) science education. It is 
important not only to understand the basic 
science concepts but it is essential to learn how 
to identify the evidence which supports or 
declines an explanation (theory) and by doing so 
to make the relationship between the evidence 
and an explanation. Theoretical knowledge is to 
be connected with the real world, it is supposed 
to explain phenomenon and also to provide a 
useful tool for manipulating and controlling it. 

Those skills are important features of scientific 
literacy [1], [2]. That way an understanding 
becomes useful in one’s life. Inquiry based 
approach to a science content offers an organized 
plan for gathering, organizing, and 
communicating information by pupils. By using 
scientific methods it solves a problem or leads to 
better understanding of observed event. The 
approach puts a pupil in a charge of his / her own 
learning and searching for understanding. 

2. Science process skills 

The science process skills enable to sort out and 
describe studied objects or phenomena (the basic 
process skill), to test stated predictions, analyse 
and make conclusions (integrated science 
process skills). They allow students to 
conceptualize a question and then seek possible 
explanations that respond to posed question. In 
everyday life they are skills which help us to 
solve problems, communicate about them, and 
think in a logical manner. Science process skills 
acquired by pupils are understood as 
comprehending ways, methods and procedures 
how to reach an explanation to the problem 
supported with evidence and arguments. They 
represent understanding how science works [3], 
[4]. 
Essential feature of an inquiry is an ability to 
identify and pose questions that can be answered 
through scientific investigation, and propose 
preliminary explanations or hypotheses based on 
one’s previous knowledge, experience or 
observation. 
• What caused food to get spoilt?  
• When / How can we see microorganisms?  
• How can we preserve food? 

• What is essential ingredient(s) which 
activates yeast? 

• What makes dough rise? 
Observing the object or phenomenon provides 
information for further investigation. Inferring 
about a subject or an event is making a statement 
or “educated guess” based on previous 
observation. It is proposing of a possible 
explanation which is tested in further 
investigation. The ability to conduct an 
investigation requires from pupils to keep 
everything in the setting constant while changing 
a single variable. This ability provides a 
powerful general strategy for solving many 
problems encountered in everyday life. 
Information or data is gathered and recorded by 
using an appropriate tools and techniques. Data 
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clearly the relationship they are about to prove or 
disprove. 

Which factor 
have you 

eliminated / 
changed? 

What do you 
expect to 
happen? 

Did you prove 
your 

expectation?  

Table 1. Relationship between variables (from 
pupil’s worksheet) 

The task demonstrates the way of getting 
familiar with identification and manipulation of 
variables typical for experimental work. It is also 
stressed and analysed why just one factor can be 
altered.  
Following session gives students very similar 
opportunity to identify factors which enable 
growth of microorganisms so they can observe 
them with a naked eye. They are asked where 
microorganisms can be found and why we do not 
see them. Another question challenges them to 
come up with the way how we can notice or 
observe them except using a microscope. In 
order to multiply them they use analogy with 
their own needs for living in order to prepare 
very simple soils solidified by jelly where they 
can grow. Pupils shortly expose prepared soils to 
items or environment where they expect presence 
of microorganisms and close the vessel (jar or 
Petri dish). Invisible world becomes identifiable 
by actually seeing colonies of moulds after 
several days. Pupils are asked to provide 
arguments and explain why they can see colonies 
of moulds on prepared soils but they do not see 
any microorganisms on items they expected them 
to be present.  
Notes about composition (nutrition requirements) 
and conditions in which microorganisms grow 
and multiply help in another task to prevent food 
from spoiling (session 3). They are expected to 
manipulate with variables identified earlier. 
In session 4 pupils work with yeast. They are 
familiar with it from home when it is used for 
baking. Pupils are ask to propose essential 
ingredients and conditions which are needed to 
activate this kind of microorganisms. Pupils are 
expected to combine information they have about 
using yeast from home and knowledge about 
nutrients which microorganisms need they learnt 
in previous sessions. 

 
Ingredients Conditions Yeast activity 

1. Yeast* +   

2.Yeast* +   

3. Yeast* +   

* The same amount of yeast in all settings 

Table 2. Ingredients and conditions for life 
activity of yeast (from pupil’s worksheet) 

4.4. Operationalization and taking data 

Presence of microorganisms in environment is 
observed not only directly but also by noticing 
their metabolic activity in form of spoilt food, 
produced gas or raised dough. Pupils are asked to 
work with variables witch represent 
operationalization of living activities of 
microorganisms when they are asked to prevent 
food from spoiling. They do not see 
microorganisms with their naked eye but they 
know about the outcomes of their metabolic 
activity. They define it and manipulate with their 
living conditions. Dependable variable is 
previously defined measurable manifestation of 
their vital activity – change of food colour, 
change of consistency, smell, etc.. It is 
appropriate to mention here that observing 
decaying paper is also the matter of 
operationalization.  
Another example of operationalization is an 
attempt to quantitatively express metabolic 
activity of yeast by measuring of produced 
carbon dioxide in certain time. Assuming that the 
amount of fermentable sugar is sufficient, then 
the formation of CO2 is directly dependent on the 
amount and activity of fermentative enzymes. 
Amount of enzymes is directly dependent on the 
number of healthy yeast cells.  
Pupils are familiar with the way yeast exhibit 
certain change when it is used in baking. They 
observed increasing of volume when making 
dough. Pupils are asked to design the way how to 
measure or how to catch and measure produced 
gas. Pupils learn here to take data and make 
notes about them in a predefined organized way 
(the table for them is suggested) and plot a graph. 
Pupils still need to come up with appropriate 
tools and techniques to gather data which can be 
further analysed and interpreted.  
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Time 
(…)* 

       

Amount 
of gas 

produced 
()* 

       

* Add a unit 

Table 3. Example of a predefined table for pupils 
(from pupil’s worksheet) 

Variety of methods with a different accuracy 
leads to different results even when measuring 
was done with the same amount of yeast, sugar 
and water in every group. Discrepancy leads to 
identifying an error and reliability of particular 
methods. This step requires discussion of all 
groups in the classroom. 

5. Conclusion 

Essential features of science process skills 
introduce students to many important aspects of 
science while helping them develop a clearer and 
deeper understanding of some particular science 
concepts and processes. The path from 
formulating scientific questions, to establishing 
criteria for evidence, to proposing, evaluating, 
and then communicating explanations is an 
important set of experiences for school science 
programs. 
The research literature indicates that when 
science process skills are a specific planned 
outcome of a science program, those skills can 
be learnt by students. Those skills are broadly 
transferable abilities and characterize 
scientifically literate person. It is therefore 
desirable they become essential part of science 
curriculum in the country. 
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Abstract. The article is devoted to the analysis 
of the causes, why most pupils consider natural 
sciences, especially physics, boring, difficult and 
unhelpful. The authors present a brief overview 
of Jean Piaget's theory of cognitive development 
and the resulting pedagogical practices of pre-
school children education. Methods invented by 
Maria Montessori and Boris Nikitin enable to 
fully develop the children’s creative potential 
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and thus to facilitate their schooling. A set of 
development games created by Nikitin, envisages 
the full use of sensitive phases in the cognitive 
development of the child. The authors describe 
the current state of education in Slovakia. The 
reform of elementary and secondary education 
had ambitions to improve Slovak educational 
system. After five years of reform, it was found 
that not all reform objectives have been met. 

Keywords. Piaget’s theory, Montessori, 
Nikitin’s development games, school reform in 
Slovakia. 

1. Introduction 

Subjects like mathematics and physics are not 
very popular at primary and secondary schools. 
Students consider them to be too difficult, 
tedious and of little need for life. Public opinion 
largely contributes to their beliefs, supported by 
television and other mass media. This reflects not 
only in the declining ability of young people to 
think critically, but also in the lack of interest in 
studying science and engineering disciplines at 
universities. The result is a decreasing average 
level of technically oriented graduate faculty 
alumni; industry, and particularly the 
development intelligence is in lack of skilled 
workers. The causes of this condition are many; 
in this paper we shall analyze some of them. 

2. Patterns of development of children's 
thinking 

Natural cognitive development of children's 
thinking in accordance with the theory of Jean 
Piaget [1, 2] can be divided into several phases, 
which are interlinked. Piaget studied how the 
relationship between the child (cognizant entity) 
and environment (learning objects) is evolving in 
different age. Piaget distinguishes specific stages 
of cognitive activity in the development of an 
individual, with each stage to be assigned 
specific structures of thought. These structures 
change in the course of the development. Piaget 
demonstrated that any particular level of 
knowledge is a result of previous development. 
It's not just adding more elements to the previous 
level, but its depth reorganization and 
transformation.  
According to Piaget a child is, in its nature, an 
investigator – he makes experiments with things 
and people around, tries to find out, what 
happens after he’s done something. Based on his 

experience he conceives working theories – the 
so-called schemes that illustrate how the world 
works. The child is keen to attribute every new 
object or experience into an already existing 
scheme (assimilation). If a new object or event 
doesn’t fit into any scheme, the child tries to 
adapt (accommodate) it to the new situation 
(accommodation). The child’s thinking and their 
perception of the world arises as the equilibrium 
between assimilation and accommodation. Some 
incentives, by their novelty and demands on the 
child’s behalf, create a state of disequilibrium in 
his cognitive system. The child tries to renew the 
equilibrium. Equilibration is the movement back 
and forth between equilibrium and 
disequilibrium that promotes development of 
more complex thought and understanding. It is 
a dominant mechanism in the development of the 
child’s cognitive abilities. The child’s strive 
towards a cognitive maturity is, according to 
Piaget, gradual (successive) and encompasses 
four consecutive evolution stages. Each stage can 
be described as a set of organized cognitive 
structures or schemes. We distinguish four 
evolution stages: sensorimotor, pre-operational, 
concrete operational and formal operational 
stage. In the sensorimotor stage infants construct 
an understanding of the world by coordinating 
experiences (such as seeing and hearing) with 
physical, motoric actions. The next stage - pre-
operational – is characterised in that the child do 
not yet understand concrete logic and cannot 
mentally manipulate information. In the concrete 
operational stage are children able to solve 
problems that apply to concrete events or objects, 
but hypothetical thinking has not yet developed. 
The fourth stage – formal operational stage – 
finish the cognitive development. The young 
man/woman is able to think about abstract 
concepts.  

3. Application of Piaget’s theory in 
educational practice 

Piaget’s works have theoretically justified 
educational basics, that were already in the past 
formulated by renowned pedagogues, such 
as...Jan Amos Comenius in his opus Didactica 
Magna [3] accentuates the principle of evidence 
(clearness) and activity, the pupil is to retrieve 
new information by means of his direct 
experience and to use them in practice. 
According to Comenius the principle of 
adequacy – the teacher should consider age- and 
individual abilities of pupils. Equally, he points 
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out the need of constant revision of gained 
knowledge. 
Already by the beginning of the 20th century 
Maria Montessori developed a wholesome 
program for a pupil’s self-realization. Her 
didactics and methodology are being applied in 
many Montesssori schools worldwide [4, 5]. 
Montessori discovered, that in early stage of a 
child’s development there exist the so-called 
sensitive phases – periods of enhanced 
sensitivity, when a child is extraordinarily 
sensitive in terms of perception and 
understanding of certain external phenomena, in 
order to acquire character traits, abilities or 
knowledge. These stages persist for a limited 
time and get lost forever, disregarding of their 
being used or not. 
During the sensitive phase the child learns very 
quickly and easily, with joy and interest. 
According to Montessori sensitive phases are 
age-limited as follows: movement stage (1 to 4 
years), stage of order (up to 3 years), language 
(spoken utterance) stage (up to 6 years), stage of 
fascination with little objects (up to 2 years), 
social relationships stage (2 to 6 years), 
sharpening of senses‘ stage (0 to 6 years). These 
periods endure for a limited time and get lost 
forever, disregarding of whether they’ve been 
used or not. 
Maria Montessori discovered that all children 
discern natural tendencies towards improving 
their abilities by means of handling objects they 
find in their immediate environment and are 
strongly attracted to them. Children use these 
objects spontaneously, independently and 
repeatedly returned to them, working with 
admirable concentration. At the same time, 
children don’t like adult interfering, they are 
most content on condition of independent 
concentration on tasks set out.  
After achieving their work children feel relaxed, 
happy, internally content and full of energy. 
Children, that have fully used their sensitive 
phases, get a much better starting position in 
their future life, than other children – they easily 
understand, their gifts (wits), be they artistic, 
manual or scientific, develop harmonically. 
Success motivates children for other activities. 
A content child spontaneously develops its inner 
discipline. 
Another pedagogical school to accentuate pre-
school children’s development is the school of 
Boris and Lena Nikitin [6,7]. Their school is 
derived from the works of M. Montessori, with 
their further modifying and enriching by 

Nikitin’s proper ideas. Their methodology has 
been successfully tested on their own seven 
children. The Nikitins developed a whole set of 
developing games and activities, targeted on the 
child’s physical and spiritual evolution. They 
accentuate mutual interconnection of spiritual 
and physical activities, principal to a harmonious 
evolution from early childhood. Their games are 
destined for children from 2 years age, whereas 
each game has so many different difficulty levels 
to be considered interesting even for older 
children, adults included. Their development 
games, such as attern cubes, unicubes, geocubes, 
logical lines, squares, number towers and other 
are sold under the name “Nikitin-materials” [8].  
Nikitin’s methodology effectively uses the 
phases of sensitive development. All of Nikitin’s 
children have, by means of plays, mastered 
reading already by the age of 3-4, reading was 
very amusing and provided them with many new 
useful information.  
The Nikitins, similarly to the Montessori school, 
point out independent creative activity, without 
useless interference of adults. Parents (i.e. 
teachers in kindergartens) are only to create an 
appropriate environment, with as much stimulus 
as possible. Children should deal only with what 
they like to do and for as long, as they feel 
distracted. The parent should only direct their 
activity and respond to children’s questions. 
Under no circumstances the child should be 
forced to such activities, neither get overfed by 
them. With first signs of lowering interest the 
Nikitins recommend that the game be ended and 
promise be given to repeat the game tomorrow. 
The child should look forward for the game. It is 
very important to set out appropriate time for 
developing games, depending on the age and 
dispositions of a child, and on its momentous 
mood. 

4. Actual situation of education in 
Slovakia 

According to estimations, over 90% of children 
that start school tuition are smooth, with their 
cognitive evolution level corresponding to their 
age. Only a little percentage of children can be 
attributed to a group of exceptionally gifted, 
precisely said – it is those children, that have 
been happy enough, thanks to their parents, to 
fully exploit the sensitive stages of their 
evolution. In our population, from year to year, 
there rises the ratio of smooth (problemless) 
children. Their majority originates from socially 
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feeble or incomplete families, especially the 
Roma minority. These children didn’t yet get a 
chance to normally develop, such handicap is 
very difficult to eradicate in school age. Very 
few of them is objectively dysfunctional by 
physical or mental diseases. A big problem is 
their lacking behind in social development and 
insufficient moral education. 
Similar to early neglecting of prevention leading 
to further incomparably high costs of a patient’s 
treatment, neglecting of pre-school education 
may cause the state to necessarily spend much 
higher costs, related to lower education achieved, 
less opportunities for self-realization on the labor 
market, agressivity and criminality of such 
handicapped children. 
The state must not economize on the means of 
enlightenment activities amidst parents. It is 
essential to find appropriate ways (depending on 
the level and social status of parents) how to best 
facilitate (literature, schoolings, evident case 
studies) working essentials of children from 0 up 
to 6 years of age. The state should financially 
support developing games and utensils, invest 
into equipment of school facilities and education 
of personnel.  
Whereas during pre-school age it is the parents 
who are responsible for a healthy 
children‘development, in the course of school 
tuition this role is delegated, at least partially, to 
the school. Of course, the family bears its part of 
responsibility. Almost all of the children come to 
school with interest and big expectations, they’re 
proud to be pupils already. They discern a very 
positive affection for the teacher; learn with joy 
without experiencing any negative emotions. The 
school mostly provides enough space to master 
new knowledge, its methodology and didactics is 
for the better part in accordance with newest 
knowledge. But gradually there comes into place 
a predominance of education by means of 
delivering utter, complete information, pupils get 
overburdened with useless facts without 
accenting their interconnection, the interpretation 
isn’t sufficiently comprehensible and attractive. 
Pupil’s incentive gets repressed and quite 
contrary – obedience and memorizing is 
required, no impact is given to the development 
of creative thinking. By transgressing to the 
second level of primary education (ISCED 2) 
some of the children experience problems with 
progress, several subjects (especially natural 
sciences) become incomprehensible, resulting in 
apathy and losing interest. 
A break point is achieved, with interest in math’s 

and natural sciences lowering inevitably. Such an 
attitude is supported by media propaganda, with 
the latter advertising such professions as 
manager, lawyer, economist or surgeon, to the 
very disadvantage of technical vocation. 
The academic community was very aware of 
these problems, therefore it was clear for 
everyone, that it is inevitable to principally 
reform the educational system. The school 
reform was launched in 2008 with the Law on 
education and tuition [9]. Its aim was to enforce 
democratization, individualization and 
participation in the decision-making of school 
practice. The school reform emphasises the 
importance of discovering and implementing 
effective means of personality development. The 
reform has brought about more liberty and 
independence for schools in the educational area, 
and provided space for creativity (up to 30% in 
the educational content is beheld in 
schools‘competence, striving for their creating 
own educational programs. An important 
positive improvement was the lowering of the 
amount of pupils in classes. 
As for natural sciences, reform priorities have 
been set such as active knowledge, conceptual 
knowledge, active feedback, motivating 
scientific knowledge, implementation and 
development of basic knowledge by means of 
own cognitive activity. On the field of physical 
education the reform was targeted on developing 
pupils‘competence. That means – transition from 
lectures (direct knowledge delivery) to an 
experimental approach, by means of active 
physical phenomena comprehension. 
These goals were to be attained by reducing of 
educational content, lowering the pupils‘number 
in classes and division of classes when lessons, 
containing experimental activities. Such an 
approach requires more efforts and readiness 
from the teacher, enough time and appropriate 
conditions (good equipment of physical labs, 
teachers‘schooling of new methods). 

5. Conclusions 

After five years of reform have passed in 
Slovakia, one discovers that in 
physics‘educations the goals have not been met. 
In a pedagogical survey, conducted amidst more 
than 160 physics teachers on secondary schools, 
some 90% of teachers state that the level of 
pupils, arriving from elementary schools, has 
lowered considerably and more than 80% of 
teachers is convinced, that the results of leaving 
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physics examination has decreased. 
Partially the failure of the reform has objective 
causes. One overestimates the importance of 
schools‘equipment with new computing 
technology and multimedia tools, whereas in 
some schools one lacks experimental tools. 
Teachers are overcharged, due to low salary they 
must have additional lessons, or they get side 
jobs.  
An important momentum is the insufficiency of 
adequate schoolbooks and methodological 
materials. In many schools directors prohibit 
divisions of classes for physics, thus the teacher 
is unable to follow the methodology goals of the 
reform. Big importance is attributed to subjective 
factors – many physics teachers haven’t innerly 
accepted the need to provide children with the 
chance of actively acquiring new knowledge.  
Of course, such way of teaching requires more 
time, very good preparation, patience and the 
ability to estimate the limits of the 
children‘creative abilities. They are not aware, 
that knowledge, which one acquires 
independently himself, is much more precious, 
than a much bigger amount of knowledge served 
by direct tuition. The authors of the reform 
committed mistakes in underestimating the 
importance of special teachers‘schooling, and in 
launching the reform widely for all schools 
without preliminary testing such form of tuition 
in schools, whose teachers have the required 
capabilities. 
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Abstract. The test is a very effective and 
objective way to prove the students' results in 
educational process. Although the tests are the 
inherent part of evaluation, in practice it seems 
that teachers aren't well prepared for creation of 
test items. Many teachers don't know that the test 
items creation have strict rules which must be 
observed. Marginalization of rules for test items 
creation can lead to misunderstanding, to 
frequent errors and students' questions.  
In this article there are demonstrated common 
mistakes in test items and main rules for the 
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creation of different types of test items. It is 
summarized in several recommendations for 
teachers. 

Keywords. Type of test item, rules for test 
items, norm-referenced measurement, criterion-
referenced measurement. 

1. Introduction 

The test is a very effective and objective way 
how to prove the students' results in educational 
process especially when the large number of 
students is in class. Currently the tests are an 
inherent part of the evaluation in educational 
process, but in practice it seems to be very 
difficult to create the correct test item and to 
assemble the whole test. 
Some teachers create themselves both – the test 
items and also the whole tests – but many of 
them don't know that creation and formulation of 
the test items have strict rules that must be 
observed. Other teachers are inspired by their 
colleagues or choose the test items from the 
books and internet sources, but it's also necessary 
to have elementary knowledge about testing and 
make control of chosen items. 
Marginalization of the strict rules for test items 
creation can lead to misunderstanding of test 
items, the frequent errors and students' questions.  

2. Courses associated with testing 

In the tests obtained by many different internet 
sources or from printed books it could be seen 
that their authors don't comply requirements with 
the elementary testing rules. This fact relates to 
the question whether the preparation of future 
teachers of chemistry is sufficient in creating test 
items and whole test.  
Therefore we have decided to make a 
comprehensive overview of courses or subjects 
associated with testing which are taught at Czech 
universities. Based on the list of study programs 
published by Ministry of Education, Youth and 
Sports of the Czech Republic we've found all 
study programs (focused on chemistry education) 
and we've studied their study plans and courses 
(subjects). From the available internet sources 
we´ve found in the end that courses directly 
related with testing or creating of test items 
almost haven´t been taught at Czech universities 
and faculties for prospective teachers or 
graduated practicing teachers of chemistry. But 
it's necessary to say that it isn't possible to find 

any overview of taught courses on web site of 
some universities. 
Practically the only universities offering courses 
focused on testing and creating of tests' items are 
Pedagogical faculty at Charles University in 
Prague – general courses of testing – and the 
Faculty of Science at Charles University in 
Prague – special courses of testing in chemistry.  
At the Faculty of Science there works Chemical 
Section the Department of Teaching and 
Didactics of Chemistry which is designed 
especially for chemistry teachers. There are 
offered three special courses associated with 
testing (all of them are optional): 

1) Theory and practice of forming chemical 
educational tasks 
2) Formulation and statistical processing of 
chemical tests  
3) Organic chemistry and Biochemistry in 
problems. 

Some elementary rules of creating tests and tests' 
items are the part of compulsory didactic courses 
and subjects at many pedagogical faculties in our 
republic. But what does the results from 
information listed above mean? The offer of 
courses associated with testing and test items 
isn´t sufficient for teachers, especially for 
chemistry teachers. Due to this conclusion we 
have decided to summarize some basic rules for 
test items creation. Also there will be shown 
some basic mistakes in test item creation in this 
article. 

3. Achievement test  

Generation and assembling of objectively correct 
didactic test focused on success is very difficult 
and time-consuming work.  
At first it is necessary to understand whether the 
prepared didactic test should be used for 
comparison of students' relative performance – 
so-called differentiating test (norm-referenced 
measurement) or if test measures the absolute 
performance of a student with pre-determined 
criteria – so-called verifying test (criterion-
referenced measurement). 
The first type of the test is appropriate for 
determining the order of performance achieved 
by students. It is most suitable for Chemistry 
Olympiad or entrance exams.The second type of 
the test is more used in common school testing. It 
means that the test and its evaluation are focused 
on actual student performance and it isn't scaled 
with the performance of other students [1]. The 
rules for evaluation and classification are 
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determined in advance. The part of these rules is 
so-called minimum performance test or cut-off 
score. It's minimum score which is necessary to 
successfully execute the test.  
For compilation of an achievement test is 
important to accurately define the expected 
knowledge and skills of student. For it there is 
necessary to build so-called specification table 
[1]. This specification table has to reflect these 
following factors: 

1) description of the tested sample 
2) time required to solve the test 
3) the overall number of test items 
4) representation of thematic units 
5) representation of tested skills 
6) representation of different types of test 
items 
7) representation of answers (e.g. frequency 
of answer A or B) 
8)  item difficulty of each test item, if it's 
possible. 

Representation of thematic units is determined 
by the ratio of hours which are dedicated to these 
thematic units.  
For example: if in some form of learning process 
of biochemistry is dedicated the ratio of thematic 
units in this manner: bio-macromolecules are 
discussed in 75 % lessons and the biochemistry 
cycles are discussed in 25 % lessons  � then it is 
not right to focus most of question in test on the 
biochemistry cycles. This ratio is given by 
curriculum as the representation of tested skills 
[2]. Representation of different types of test 
items should be balanced. It means that one 
thematic part may not be composed only by 
multiple-choice test items and the other one only 
by opened items. It isn't too correct to compile an 
achievement test from the test items of the same 
type only: it isn´t right to test only contained 
multiple-choice items, because when the test 
item has 4 question offers, it´s 25% probability 
of guessing. It means that cut-off score has to be 
greater than 25 %. The possibility of guessing is 
always reduced by inclusion of opened items. In 
opened items student has to show activity of his 
knowledge or skill and no possibility of guessing 
exists. 

4. Specification table 

Following specification Table 1 shows an 
example of thematic plan of one school year at 
high school in which biochemistry is taught and 
discussed [3].

Based on the Table 1 there is possible to 
assemble a specification Table 2 for the final test 
at the end of the school year which is criterion-
referenced measurement. This means: it can 
measure the level of acquired knowledge and 
skills in thematic unit of biochemistry. 

Nr. theme number of 
lessons 

lessons in 
% 

1 lipids 3 6,1% 
2 terpenes 2 4% 
3 alkaloids 4 8,2% 
4 heterocycles 4 8,2% 
5 carbohydrates 6 12,2% 
6 proteins 6 12,2% 
7 nucleic acids 6 12,2% 
8 vitamins 4 8,2% 
9 enzymes 4 8,2% 

10 metabolism 10 20,4% 

Table 1. Thematic plan of biochemistry 

sample: 7. B, 28 students Fre- 
quenc
y time: 90 min 

themeNr. 1 2 3 4 5 6 7 8 9 1
0 

% 

knowledge 
1  1 1 2 1 2 2 2 5 

47,2
% 

application 
of 

knowledge
1  1 1 1 2 2 1  3 

33,3
% 

work with 
informatio

n 
 1 1 1 1 1   1 1 

19,4
% 

Table 2. Specification table 

The following Table 3 shows the distribution of 
types of test items in the final test in thematic 
unit of biochemistry. 

sample: 7. B, 28 students Fre- 
quenc
y time: 90 min 

theme Nr. 1 2 3 4 5 6 7 8 9 1
0 

% 

multiple-
choice 
items 

1  2  2 2 2 2 1 5 
47,2 
% 

opened 
items 

1   1 1 1  1 1 2 
22,2 
% 

true-falls 
items 

 1  1  1 1  1 1 
16,2 
% 

matching 
items 

  1 1 1  1   1 
13,9
% 

Table 3.Type of test items 
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5. Basic rules for test items creation 

For creation of test items there exist general 
rules, which are applied on all types of test items.  

1) If there is any task negative it´s necessary 
to make it bold and underlined the negative.  
2) The test item may not be a “catch 
question”. 
3) The test item must not test the knowledge 
or skills from other subject which have no 
relationships to the test subjects. 
4) It isn´t right in distractors to use the word 
like always, never, each, all, no and so on. 
Distractors (= marking for incorrect solutions) 
with these words usually show differing 
measurement, they are selected excessively 
often or aren´t selected at all. 
5) The test item shouldn´t contain text 
which isn´t necessary to find correct answer. 
Unnecessary text can be confusing and it 
could impede the student in solving the test 
item. 
6) The assignment of test item must be 
absolutely clear and unquestionable. The 
author of test items must suppose that student 
filling an achievement test doesn´t always 
have a possibility to ask questions and to 
solve uncertainties. 

5.1. Multiple-choice items 

Multiple-choice test items are used very often 
due to their easy measurability. Let´s have a look 
at some mistakes in creating of test items in 
selected examples. 

Task 1[4] 

Amino acids are: 
A) substituted derivatives of carboxylic 
acids 
B) functional derivatives of carboxylic acids 
C) basic structural units of nucleic acids 
D) all essential 

The correct solution of this test item is an offer 
A. 
Distractors (= marking for incorrect solutions) 
are B, C, D. Offers A and B are the first 
structural mistake in this test item because they 
can be mutually preclusive. Also if the students 
know that there exists only one correct solution 
for the test item then it is very common that the 
multiple-choice test item becomes only 
dichotomous item. The students decide only 
between offers A and B and the probability of 
guessing the correct answer will increase from 

25 % to 50 %. This fact is confirmed by the 
structure of distractor D where the word all is 
used. Students used to solve test items can know 
that distractors like this one are false because 
there are usually some exceptions.  

Task 2[5] 

Sulphur containing amino-acids are: 
A) serine and cysteine 
B) cysteine and methionine 
C) methionine and serine 
D) only serine 

The correct solution of this test item is an offer 
B. 
Basic structural mistake in this test item is the 
fact that in three distractors (A, C, D) appears the 
amino acid serine. So if the students know that 
serine is the amino acid without sulphur atom 
they will not think about all offers because the 
correct solution is clear. Therefore it´s better to 
offer one or two different amino acids in each of 
distractors. 

Task 3 [6] 

Which toxic gas is generally produced by 
incomplete combustion of carbon compounds? 

A) carbon dioxide 
B) carbon monoxide 
C) hydrogen sulphide 
D) hydrogen cyanide 

The correct solution of this test item is an offer 
B. 
This is a multiple-choice item but it´s true that 
from the formulation of introduction text we can 
deduce that students will decide only between 
offers A and B. They exclude distractor C 
immediately because the offered compound 
doesn´t contain any carbon atom. Therefore it´s 
necessary to change distractor C in this test item 
at least. 
From previous examples we can formulate some 
basic rules to create multiple-choice test items:  

1) The distractors have to be balanced. They 
must relate to the same subject and it is also 
recommended the same or similar length of 
each distractor.  
2) It isn´t right to use the distractor e.g. all 
statements are correct or incorrect. Statistic 
measurement shows deviation in these 
distractors because they are very different 
from the others and therefore they are 
excessively selected or are not selected at all. 
3) One distractor should not exclude the 
other distractors. 
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5.2. Open items 

Although the evaluation of open items is more 
time-consuming than the evaluation of closed 
test items, the opened items are used very often 
in testing of chemistry, too. Their main 
advantage is impossibility to guess the correct 
answer. But it seems to be very difficult for 
authors to create a correct opened test items with 
the single clear solution. 
Here are some rules for creation open test items: 

1) If the open item has more parts, it´s 
necessary to mark clearly the places for each 
part to avoid confusion. 
2) The test item must have only one correct 
answer. When more than one possible correct 
solution of one item occurs, the evaluation is 
very difficult and not enough objective.  
3) It isn´t possible to create an open item 
when you know the fact that only one, two or 
three answers could be considered. For 
example – if there are assessed only two or 
three possible answers, the open item 
becomes easier than multiple-choice item 
with four offers.  

5.3. Matching items 

Creation of correct matching items is difficult 
and time-consuming work, too. But matching 
items are good parts in the achievement test 
because they can exercise the other type of 
students' thinking then multiple-choice items, 
opened items or true-false items can. 

Task 3 [7] 

Pair the properties of sulphuric acid and specific 
examples of their application: 

A) oxidative effect of concentrated sulphuric 
acid 
B) acidic properties 
C) dehydration effect of concentrated 
sulphuric acid 
D) analytical reagent for precipitation 
reaction 
E) oleum creation 
 
(1)  blackening of sugar cubes 
(2)  H2SO4 + 2 SO3 → H2S3O10 
(3)  Cu + 2 H2SO4 → CuSO4 + SO2 + 2 H2O 
(4)  Zn + H2SO4 → ZnSO4 + H2 
(5)  BaCl2 + H2SO4 →BaSO4 + 2 HCl 
 

The correct solution of this test item is A � (3), 

B � (4), C � (1), D � (5), E � (2). 
Three structural mistakes are in this test item. 
The first is the offer E. In test item of Task 3 
students have to demonstrate their knowledge 
about the chemical properties of the sulphuric 
acid, but the offer E (oleum creation) isn´t 
possible to mark like a chemical property.  
The second problem is the offer (1). It is 
different from the others which are expressed in 
form of chemical equations.  
The last problem is the same number of offers 
marked as A – E with offers marked as (1) to (5). 
The test item in this form is very easy for 
students. Students´ knowledge can be tested 
better when the ratio of offers isnot 5:5 but e.g. 
3:5 (it's also better with regard to scoring item). 
Here are some rules for creating of matching 
items: 

1) It´s better when the number of offers is 
greater than the number of claims which 
should be assigned. It makes the test item 
more difficult.  
2) All offers should be balanced, no one can 
deviate however. 
3) No one offer should be primarily 
excluded. For example all of offers A to E 
must be theoretically paired to offers 1 to 3.  

6. Conclusion 

Due to the probe into plans of courses and 
subjects suitable for our prospective teachers of 
chemistry there was found that only one Czech 
university (Charles University in Prague, Faculty 
of Science) is offering three courses associated 
with testing for future teacher. If the testing in 
school is taught at the other universities, it is 
probably a part of some didactic courses. 
Unfortunately it isn´t possible to find out any 
courses associated with testing which are based 
on web sites of that faculties. It was found 
definitely that testing in school isn´t mandatory 
subject for prospective teachers, that it is maybe 
the reason of often construction mistakes in 
achievement tests which are available especially 
from internet sources. In this article there was 
made an analysis of some test items from internet 
sources. Based on this analysis there were 
formulated basic rules for creation of the 
different type of test items.  
It would be good to strengthen the teaching 
associated with testing for prospective teachers 
in future. Many students´ mistakes by solution of 
test items could be caused by construction 
mistakes. The creation of construction mistakes 
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in test items brings any risk that the test item 
does not test desired evaluation task. 
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Abstract. This contribution deals with the State 
curriculum at lower secondary education in 
Slovakia and its current innovation efforts 
focused on natural sciences. 
Educational standards of individual courses 
have always been perceived as documents open 
to modifications subject to experience from their 
practical implementation in fieldwork. 
The update of the curriculum takes place in the 
framework of self-reflection of the past 
experience with the State education programs. 
Increase in time allocation for the subjects 
“Mathematics and Informatics” and subjects in 
the area “People and Nature” (physics, 
chemistry and biology) is foreseen. However, the 
principal and key innovation in al subjects is 
related to the content and performance 
standards. 

Keywords. Competencies, content standards, 
framework curriculum, State curriculum, 
performance standards, educational areas, 
educational standards. 

1. Introduction 

With four years of the education reform being 
under way Department of Education of Slovak 
republic has asked National Institute for 
Education (herein as SPU) to elaborate on the 
state curriculum. Innovation of state curriculum 
has been approached more thoroughly rather than 
via mechanical update of contents in individual 
subjects. Discussions were activated and answers 
sought to both theoretical and practical questions 
related to structuring and executing educational 
programmes in practice across expert groups of 
employees, members of curriculum committees, 
member of working groups and management. 
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The task force on innovation of the state 
curriculum was titled “Retrospection” [1]. 

2. Innovation basis 

“Retrospective” self-reflection at the state 
curriculum comprised of: 

- Harmonization of definitions within 
educational fields and thematic areas of pre-
primary, primary and lower secondary 
curricula, 
- Innovation of curriculum framework  
- Innovation of educational standards. 

3. Innovation of education programme 
Human and Nature 

The central issue and the most discussed general 
problem in innovating education programmes in 
any subjects in primary schools has been a time 
allocation within a framework curriculum. Based 
on the recent (2009) PISA results, where 
Slovakia ranked well behind the top performing 
countries within OECD, Department of 
education had asked to put more weight in terms 
of time allocation on natural science 
programmes. 
Modified framework education scheme has been 
designed with increased weekly time allocation 
to the subjects in education programme Human 
and Nature: Physics to 6 classes, Chemistry to 5 
classes and Biology to 7 classes. Time allocation 
for Physics was increased by one class per week 
following a schedule 0-2-1-2-1 as of sixth grade. 
Time allocation for Chemistry was increased also 
by one class per week following a schedule 0-0-
2-2-1 as of seventh grade. Finally, time 
allocation for Biology was increased also by one 
and a half class per week following a schedule 2-
1-2-1-1 as of fifth grade. 

4. Innovation of aims within education 
programme Human and Nature  

The aim of the state curriculum in education 
programme Human and Nature is to modify 
existing model of education, where students 
passively capture new terms and notions from a 
teacher based on a delivery of information. 
Contemporary model of education puts more 
emphasis on active adoption of concepts and 
contents by students. Teachers’ role is 
transformed to help comprehension of natural 
phenomena, construct new terms and understand 
links between them [3]. 

Such process of education entails more research 
and experiment based approach to objects and 
phenomena by the means of active participation. 
Task to create and comprehend relevant links is 
hence transferred to students. Optimal methods 
to involve students to individual activities, where 
students practice their knowledge, are then left to 
a teacher. This is in line with a long-run process 
to build the knowledge base [2]. 
The primary goal of education programme 
Human and Nature is to develop natural science 
literacy. It aims to enhance students’ personality 
in terms of his/her activity and attitude.  
Natural sciences education shall allow students 
to improve their capabilities to: 

- Explain natural phenomena in their 
imminent environment and propose methods 
to verify explanations, 
- Defend own statements and procedures 
by using logical argument based on evidence, 
- Communicate their knowledge in the 
field of natural sciences both verbally and in 
writing, 
- Collect, classify, analyse and assess 
information from various information 
resources, use information to solve problems, 
- Differentiate arguments based on 
expertise and personal views, reliable 
information from unreliable, practice critical 
thinking, 
- Understand that there are mutual and 
complex inconclusive relationships between 
science, technology and society, 
- Understand different angles of science as 
political, economic, moral or ethical and their 
specific and/or global consequences, 
- Cooperate in problem solving  
- Critically assess and foresee use of 
expertise to benefit of society and possible 
issues related to their application, e.g. for 
environment. 

Students shall acquire the following interests and 
attitudes: 

- General interest in nature and world of 
technology, 
- Positive attitude towards problem 
solving, 
- Open mind towards new discoveries in 
science and technology, 
- Positive relationship towards health 
protection and healthy life style. 

In the following section of this contribution, we 
will compare goals of natural science subjects as 
of 2009 with those proposed in the modified state 
curricula, based on aims within education 
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programme Human and Nature. 

4.1. Goals in physics  

Goals in physics were elaborated in four areas in 
2009, namely in intellectual area, in skills and 
capabilities, in the area of attitude and in social 
area.  
We propose eleven general goals for the subject 
of physics in the currently innovated state 
curriculum. 
Students 

- apply empirical methods – observation, 
performing experiments, measuring and 
processing the measured quantities 
- explain selected phenomena in physics in 
their immediate environment and propose 
methods to verify their explanations, 
- present and defend their procedures and 
statements by evidence based reasoning 
- communicate both verbally and in 
writing, master symbolic, tabular and 
graphical presentation 
- apply in practical exercises their 
knowledge of concepts, laws of physics, facts, 
learned mathematic procedures and other 
information from relevant resources, 
- differentiate reliable information from 
non-reliable – think critically, 
- solve problems, which require merging 
knowledge acquired in various areas of 
natural science, 
- understand historical timeline and 
evolution of physics within sciences and 
influence of technology on its development 
and progress in society, 
- assess usefulness of scientific knowledge 
and technical discoveries for social 
development as well as issues related to their 
use and environment, 
- learn to be open to new discoveries in 
physics and technology, 
- acquire positive approach to health 
protection and environmental protection. 

4.2. Goals in chemistry 

Goals in chemistry were elaborated in two areas 
in 2009.  
We propose eleven general goals for the subject 
of chemistry in the currently innovated state 
curriculum. 
Students 

- encounter with basic information about 
substances important in daily life, 

- discover properties of substances and 
their transformation by observation, 
measurements and experimenting, 
- will understand chemical phenomena and 
processes, 
- use technical terminology to describe 
chemical phenomena and processes, 
- understand instructions given to them to 
undertake tasks and are able to complete them 
accordingly, 
- process and evaluate data from 
observations, measurements and experiments, 
- acquire motoric skills, intellectual and 
social capabilities to undertake appropriate 
experiments, 
- plan and undertake observations, 
measurements and experiments, 
- adopt and practice principles of safe 
handling of substances, 
- search relevant information about use of 
various substances in industries, agriculture 
and daily life and their value for humans, 
environment and health safety, 
- use knowledge and experience acquired 
in chemistry to protect health and 
environment. 

4.3. Goals in biology  

Goals in Physics were elaborated in four areas in 
2009. Besides, competences in natural science 
were also a part of the state curriculum.  
We propose eleven general goals for the 
innovated state curriculum for biology. 
Students 

- gain basic understanding about nature as 
an interaction of its individual components, 
- will understand natural phenomena, 
processes and objects in their interrelated 
context, 
- acquire information about nature by 
observation and search with use of different 
means of resources, 
- analyse, interpret, classify and assess 
information about organisms, systems and 
nature, 
- use proper technical language to describe 
processes and phenomena in living and 
inanimate nature, 
- plan, execute, record and evaluate simple 
biologic observations and experiments, 
- discuss importance of practical 
consequences of selected scientific 
discoveries, 
- apply acquired capabilities and 
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knowledge to promote their health, 
- protect environment and economise on 
natural resources, 
- plan and execute simple projects in the 
field of biology, 
- present and defend output of their work. 

5. Innovation of performance and 
contextual  

Educational standard in individual subjects 
comprises of two parts. Performance standard 
refers to a complex system of gradual mandatory 
requirements, which student needs to fulfil. 
These are assumed knowledge, capabilities and 
attitudes, which student has to achieve 
proportionate to his/her abilities. A teacher may 
specify and enhance these in terms of various 
activities and tasks and may suit them to the 
level of students in a given class or equipment 
availability in given school.  
One of the most important changes, which are 
integral part of innovated standards, is more 
careful focus on the output of education. 
Performance standard requirements are listed 
first in the table of educational standards due to 
conceptual superiority. Performance standard 
specifies subject goals. Compared to former 
educational standards, performance standard 
contains cognitive, affective and also psycho-
motoric goals.  
Performances listed in standards are being 
developed gradually. For this reason, teacher sets 
more specific goals for individual performance 
standards. Relevant goals are being achieved 
step-by-step so that students master standard 
performance at the end of relevant academic 
year. On the other hand, given standards shall not 
constrain teacher to set additional goals, which 
(s)he assumes useful and appropriate to 
contemporary knowledge base and level of 
thinking of his/her students.  
Achieving individual performance standards is 
specified by the means of contextual standards. 
Contextual standard defines content of material 
to be learned underlying relevant prescribed 
performance. Essential body of information and 
technical terms that student should comprehend 
and is able to explain and actively use is defined 
here. 
Teacher may intervene into the thematic units of 
educational standard and modify and shift 
individual blocks within the academic year 
according to the interest of students, teachers or 
to the school needs.  

5.1. Educational standard of physics  

New approach to teaching physics carefully 
builds knowledge base of students based on their 
previous experience. Experimental activities of 
student dominate. Student is guided to formal 
understanding of the contents, and eventually to 
mathematic relationship and/or to generalised 
theoretical terms. 
Research capabilities are being developed, 
mainly through observation, measuring, 
experimenting and processing measured data into 
tables and charts. Manual and technical 
capabilities of students, ability to formulate 
hypothesis, conclude findings, generalize, 
interpret data and describe their dependences are 
integral part of these capabilities.  
In the following section, we introduce examples 
of former and innovated standards. 
Example of the standard from 2009: 
Thematic unit:  Behaviour of bodies in liquids 
and gases 
Contextual standard: 
Measurement of volumes and weight of bodies 
floating, suspending and diving in water, 
definition of m/V 
Term – density. Units of density: g/cm3, kg/m3.  
Relationship between volume and weight of 
bodies from identical substance… 
Performance standard: 

- proceed according to the strategy: 
formulate problem – express hypothesis – 
make experiment and measurements – 
process, evaluate and interpret results 
- produce density chart for bodies of 
identical substance, determine density value 
from the chart 
- apply finding that weight of the body 
floating in water and weight of the volume of 
water discharged is identical 
- determine density of small bodies 
- work with MFCHT tables... 

Example of innovated standard: 
Thematic unit: Behaviour of bodies in liquids 
and gases 
Performance standard: 
Students 

- Solve problems by the following 
procedure: formulate problem – express 
hypothesis – do experiments and 
measurements – process, evaluate and 
interpret results and measurements,  
- Present results of observations and 
measurements on front of the class,  
- Determine density of solid bodies and 



10th International Conference on Hands-on Science 
Educating for Science and through Science 

© 2013 HSci. ISBN 978-989-98032-2-0 

 

316 

liquids from measured values of their volume 
and weight,  
- Produce chart of weight dependency on 
volume for bodies of homogenous substance,  
- Elaborate and present a project, in which 
new findings are used and commented,... 

Further selected examples of performance 
standard: 
7th grade: 

- Discover difference between evaporation 
and boiling and properties of boiling based on 
results of experiment, 
- Model production of thermometer by 
experiment, formation of rain, 
- Execute and evaluate meteorological 
observations and measurements,... 

Contextual standard: 
- Floating, levitating and diving bodies in 
water, measuring their weight and volume  
- Density. symbol ρ, density unit g/cm3, 
relationship ρ = m/V  
- Relationship between volume and weight 
of bodies from identical substance  
- Comparing weight of two bodies floating 
in liquid with weight of liquid they 
discharge,... 

5.2. Educational standard of chemistry 

Contextual standard of chemistry in lower 
secondary education has been also partially 
modified. Contents has been somewhat reduced 
and structure simplified. Educational standard 
consists of five thematic units. Two of them, 
“Substances and their properties” and 
“Transformation of substances” have been 
allocated two classes per week in the 7th grade, 
further two, “Composition of substances” and 
“Important chemical elements and their 
compounds” have been allocated also two classes 
per week in the 8th grade and “Carbon 
compounds” has been allocated one class per 
week in the 9th grade. 
Educational standard does not include thematic 
unit “Chemical calculations”, however this topic 
is partially covered in the 7th grade (mass 
fraction). 
In the following section we introduce examples 
of former and proposed standards. 
Example of the standard from 2009: 
Thematic unit: Transformation of substances 
Contextual standard: 
Chemical reaction, law of mass retention in 
chemical reactions, burning, combustibles, 
reactant, product, chemical decomposition, 

chemical compounding,… 
Performance standard: 

- Differentiate between chemical and 
physical event 
- Understand burning as chemical event 
- Name examples of flammable and non-
flammable substances, 
- Explain the essence of extinguishing a 
burning substance 
- Describe methods how to correctly 
extinguish fire of individual substances, 
- Be aware and understand symbols of 
combustibles and flammables,…  

Example of innovated standard: 
Thematic unit: Transformation of substances 
Performance standard: 
Students 

- Undertake simple experiments of 
chemical compounding and chemical 
decomposition following the guidelines, 
- Name examples of exothermic and 
endothermic reactions familiar from daily life, 
- Make measurement experiments of heat 
changes in chemical reactions, 
- Record results of their experiments into 
tables and interpret them, 
- Reason principles of fire extinguishing of 
substances based on examples from daily life, 
- Follow principles of safe handling with 
flammables, 
- Propose modelled experiment of fire 
extinguishing with teacher’s assistance 
- Execute and evaluate impact of various 
factors to speed of chemical reaction in 
experiments,… 

Further selected examples of performance 
standard: 
8th grade: 

- Practically verify process, features, and 
results of neutralisation and oxidation 
reducing reactions, 

9th grade: 
- Make simple experiments to differentiate 
and identification of inorganic and organic 
substances,... 

Contextual standard: 
- Observation of chemical events 
(chemical reaction, reactant, product) 
- Law of mass retention 
- Chemical compounding, chemical 
decomposition 
- Heat changes in chemical reactions 
(exothermic and endothermic reactions) 
- Ignition temperature 
- Flammables / combustibles 
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- fire,... 

5.2. Educational standard of biology 

Educational standard in biology was innovated in 
several areas.  
In the area of goals related to “”Human and 
nature”, formulation has been modified and 
reduced and both performance and contextual 
standards have been made more compact. 
Thematic units have also been partially modified.  
Proposal to swap curriculum between 8th and 9th 
grade is a large intervention into the state 
curricula. The aim of this swap is to allow 
smooth transition between thematic units and 
following logical sum up and generalization of 
curriculum about live organisms in the 8th grade. 
When curriculum on live nature is completed, the 
one dealing with inanimate nature follows in the 
9th grade.  
In the following section we introduce examples 
of former and proposed standards. 
Example of the standard from 2009: 
Thematic unit: Life in the woods 
Contextual standard: 
Life of the woods, Structure of woods, Year 
round changes in the life of woods 
Forest trees, coniferous and deciduous trees, 
bushes, year round life of trees,… 
Performance standard: 
Mention examples of plants or animals living in 
the woods. Name layers of woods using a 
guiding figure. Describe changes in the woods 
across seasons of year. Compile and example of 
a food chain of organisms living in woods,…  
Example of innovated standard:  
Thematic unit: Community of organisms 
Performance standard: 
Students 

- distinguish communities according to 
their representation, 
- explain how do organisms adjust to their 
environment, 
- reason food chain relationships between 
organisms living in a community, 
- compile a single food chain for each 
community, 
- formulate principles of safe behaviour in 
the woods and principles of health protection, 
- accept principles of mushroom picking 
and collection of plants in nature, 
- present their own output (posters, 
models, presentations),… 

Further selected examples of performance 
standard: 

6th grade: 
- propose and record observations of 
selected invertebrate, 

7th grade: 
- find out what is happening inside human 
body when physically active (physical work), 

8th grade: 
- plan observation of basic signals driven 
by senses and basic processes of organisms in 
multiple ways, 

9th grade: 
- organise water protection and 
economising activities, or economising on 
energy use int heir environment,... 

Contextual standard: 
- communities of the woods, water, fields, 
meadows, 
- bacteria, mushrooms, plants, animals, 
- food chain 
- wood plants, trees, bushes, herbs 
- outer structure of wood plants and herbs 
- woods layers 
- mosses and ferns 
- outer structure of mosses and ferns 
- sexual duplicity, nesting... 

6. Conclusion 

Changes in the framework curricula of lower 
secondary education related to time allocation of 
human sciences and proposed concept as such 
allow for more room to apply creative methods 
and forms of teaching, while active approach of 
students and research and experiment based 
findings are dominating. Experience with this 
method of teaching human sciences do document 
significant influence in development of students’ 
competences as well as their critical thinking, 
problem solving, formulating hypothesis, 
argumentation and coherent conclusion upon 
their findings. [4,5,6]. This approach allows 
room for shifting the concept from deductive to 
inductive style of education. 
Besides high quality programmes, division of 
classes guaranteed by state is also a factor to 
support the advance of new concept. This 
however incorporates another area of issues, 
which relate to necessary legal amendments.  
We assume that proposed educational 
programmes of subjects within human sciences 
for lower secondary education will be approved 
and adopted as an integral part of state 
curriculum (including comments) by 1st 
September 2014. 
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BLENDED LEARNING FOR 
SCIENTIFIC INQUIRY: 

RESEARCH EVIDENCE FROM A 
US CLASSROOM 

Eva Erdosne Toth 
eva.toth@mail.wvu.edu 

 
Abstract. Designing classroom learning 
environments that support the development of 
scientific understanding by way of 
experimentation and inquiry is a global concern 
for science teachers and science teacher 
educators. Due mainly to cost, time and safety 
factors, hands-on learning often results in a 
“protocol-based” activity where research 
questions, experimental design and 
methodologies to examine data are prescribed 
rather than actively invented by learners. Virtual 
laboratories that simulate real-life processes of 
scientific inquiry are powerful digital tools to 
overcome this economic hurdle.  
But can these tools replace hands-on-inquiry 
learning? What are best ways to integrate hands-
on and virtual inquiry into classroom learning 
environments? These are the questions that this 
study was aimed to answer. This proposal for 
HSCI 2013 describes a study that employed two 
learning environments for inquiry. It used a 
third-party virtual laboratory (VRL) available on 
the internet and a hands-on laboratory (HOL) 
that is commonly available in the US for 
purchase classroom teaching. The aim of the 
study was to compare and contrast college 
students’ inquiry learning experiences with the 
two environments. With this method, the study 
aimed to contribute research data to support the 
instructional design decisions of practitioners 
aiming to develop learning environments with 
the blending of virtual and hands-on 
experimentation. 
The participants of the study were 32 college 
students, in their first year of study of science at 
research and teaching focused private university 
in the United States of America. The study used a 
quasi-experimental approach for experimental 
design and used a mixed method approach that 
coordinated the collection of quantitative and 
qualitative data from the beginning of the work.  
The results illustrated the significant advantage 
of using virtual laboratories before hands-on 
experimentation as measured by students’ post-
inquiry conceptual and procedural knowledge. 
Furthermore, the analysis also illustrated the 
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benefit of starting with the VRL as measured by 
students’ inquiry progress score. In addition to 
detailing these findings, the presentation will 
also consider some of qualitative students’ 
responses that illustrated differences in students’ 
approach to the two different (virtual and hands-
on) learning environments. For example, after 
working with the “real” (hands-on laboratory) 
some students felt that it was unnecessary to 
work with the “mere simulation” of reality and 
the virtual laboratory.  
The significance of these results is that the data 
to be presented at HSCI 2013 supports the 
development of instructional design decisions for 
inquiry-based learning and teaching with the 
combination / blending of hands-on and virtual 
laboratory environments. The study has been 
successfully shared with science teachers and 
science education researchers in the US and the 
goal of sharing it at HSCI 2013 is to receive 
feedback from international colleagues towards 
the further refinement and development of the 
approach that may lead towards more 
generalizable information about the use of 
blended-learning across the globe. References 
related to this work have been omitted due to 
space constraints but will be shared at the 
conference. 

 

PRESERVICE SCIENCE 
TEACHERS PERCEPTIONS 

ABOUT USING SCIENCE 
NOTEBOOKS: A 
COMPARATIVE 

INVESTIGATION OF UNITED 
STATES AND TURKEY SAMPLE 

İlke Çalışkan 
ilkeonal@hacettepe.edu.tr 

 

Abstract. Science notebooks are an effective 
formative assessment tool that allows teachers to 
assess students’ understanding and provide the 
feedback students need for improving their 
performance (Ruiz-Primo, Li, & Shavelson, 
2002, p. 24). The student science notebook serves 
as an important link between science and 
literacy when it is utilized in the classroom as a 
knowledge transforming form of writing that 

provides an appropriate opportunity for students 
to develop voice in the process of constructing 
meaning from their experiences with the science 
phenomena. (Klentschy and Molina-DeLa Torre, 
2004; p. 352). 
The aim of this research study is to find out the 
perceptions of preservice science teachers’ about 
using science notebooks in their Science 
Teaching methodology course and make a 
comparative investigation of United States and 
Turkey sample.  
The research design is based on qualitative 
methodology. Both Turkey and United States 
sample was chosen by purposeful sampling. 
United States sample was chosen from University 
of Iowa Science Education Center and consists 
of 20 third grade preservice science teachers and 
Turkey sample was chosen from Hacettepe 
University Department of Science Education and 
consists of 40 third grade preservice science 
teachers. From totally 60 preservice science 
teachers, 12 of them (six of them from United 
States and six of them from Turkey) selected by 
looking at their academic achievement and 
voluntariness. The process lasted fifteen weeks in 
both countries during Science Teaching 
Methodology course. Observation checklist, 
science notebooks and focus group interview 
questions were used as data collection tools. 
Observation checklist constructed by the 
researcher consists of ten semi-structured items 
which cover the tendencies and skill development 
processes during the usage of science notebooks. 
Science notebooks consist of four stages. First 
stage is introduction part and students state their 
expectancies about science teaching 
methodology course. Second stage is the student 
teachers’ diaries about the general reflections 
about the course. Third stage is related to course 
qualifyings. Instructor gave critical thinking 
questions or a problem scenario and student-
centered activities like constructing an 
experiment in this stage with the help of colorful 
materials. Student teachers adapt this materials 
into their science notebooks. Fourth stage covers 
the general assessment of the using science 
notebook process and course dynamics. Student 
teachers state reflections about the course, 
instructor and their own performances. Semi-
structured interview consists of six open ended 
questions prepared by the researcher identfy 
student teachers’ perceptions about using 
science notebooks during their science teaching 
methodology course and their future 
implications. Document analysis, observation 
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and interview methodologies were used for 
describing qualitative data. Both descriptive and 
content analyses were used as qualitative data 
analysis techniques. Themes were identified by 
looking at related literature and corresponded 
with the codes coming from qualitative data. 
Triangulation was used for data analysis 
verification. 
Results show that science notebooks are effective 
tools and instructional technique in teaching and 
learning environments for developing and 
assessing science process, problem solving and 
teaching-learning skills of student teachers. All 
of the student teachers claim that they plan to 
use science notebooks in their future science 
classrooms. 

 

PRESERVICE SCIENCE 
TEACHERS EXPERIENCES 

WITH THE IMPLEMENTATION 
OF PROJECT BASED LEARNING 

Dogan Dogan, Eylem Eroglu Dogan 
ddogan@ibu.edu.tr 

 

Abstract. The rapid developments in science 
and technology has greatly influenced teaching 
and learning process in education. Traditional 
science teaching relied mainly on teacher-
centered teaching strategies such as lectures and 
questioning or teacher-led discussions and 
demonstrations. Hovewer, twenty-first century 
teachers are expected to facilitate the learning 
process through learner-centered, active 
teaching strategies. Project-Based Learning 
(PBL) is one of the learner-centered approach to 
teaching science and has gained much attention 
over the last few decades. It is a hands on and 
interactive approach that allow students to pose 
problems, ask questions, make predictions and 
decisions, design investigations, collect and 
analyze data, use information technology, share 
ideas (Krajciket al., 1999), and take 
responsibility in building their own knowledge by 
active learning. Like other instructional 
approaches, PBL have also various advantages 
and disadvantages. 
PBL is an innovative approach to learning that 
teaches a multitude of strategies critical for 

success in the twenty-first century (Bell, 2010). 
Preservice science teachers of this new era are 
expected to know how to implement PBL in 
schools when they become real teachers. As for 
every science teacher, it is important to have the 
knowledge and experience of how to design and 
implement PBL in her/his science course. The 
purpose of this study, therefore, is to examine 
preservice science teachers’ experiences in 
implementing the PBL during their teaching 
practice in application schools. The course, in 
which the research was carried out, is a one-
semester elective course and is part of the 
students’ teacher training in primary science 
education. The study is based, mainly, on 
qualitative content data analysis strategy. A 
variety of data collection methods is used to 
inform the results of the study. The interviews, 
observations, and artifacts were used to 
characterize the preservice teachers’ 
implementation of PBL in the classroom. 
Implementations were assigned a score based on 
a rubric developed by the authors. The use of 
multiple methods helps to triangulate the data 
and confirm the findings and interpretations. The 
participants consist of 30 science teacher 
candidates who are in their last year of a 
primary science teacher education program in a 
large public university in Turkey. They were 
informed that participation was voluntary, and 
informed consent was obtained from all those 
who volunteered to participate. The results of the 
study are expected to contribute to the current 
literature about PBL and the improvement of 
pedagogy in science teacher education. 

 

IMPROVING THE SCIENTIFIC 
PROCESS SKILLS OF 

ELEMANTARY PROSPECTIVE 
TEACHERS THROUGH HANDS 

ON SCIENCE PRACTICE: AN 
ACTION RESEARCH STUDY 

Necati Hirça, Mücahit Köse,  
Muhammet Uşak 

dr.hirca@gmail.com 
 

Abstract. The purpose of this study is to 
improve the scientific process skills of 
elementary prospective teachers through hands 
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on science practice. This study is implemented 
based on action research methodology. Both 
qualitative and quantitative approaches were 
used in order to better understand how students 
can develop scientific reasoning skills in the 
science classroom. The participants of this study 
were thirty-nine elementary prospective teachers 
enrolling to the “Science Laboratory 
Applications (SLA)” course. The main goals of 
the SLA course are identified as; a) to specify 
importance of laboratory in science and 
technology instruction, b) to explain relation 
between constructivist approach and laboratory 
works, c) call attention to safety in laboratory, d) 
to explain scientific method, scientific process 
skills and how they were gained and e) to design 
simple experiments for first level of elementary 
education (planning, conducting an experiment 
and evaluating the results). On the other hand, 
the researcher incorporated the aim of the 
course into hands on science experiments 
including scientific process skills in the next 
seven weeks. He informed students-teachers 
about “Hands on Science experiment” and 
showed a simple experiment which can conduct 
based on SPS in fifth week. Three different 
methods were used to collect data from students 
during the semester: open-ended questionnaire, 
lab reports, and surveys.. In order to analyze 
quantitative data, descriptive, reliability analysis 
and correlation analysis were used. On the other 
hand, qualitative data was analyzed using 
qualitative techniques.  
As a result of the analysis of the collected data, 
findings emphasis the importance of hands on 
science practices for improving the scientific 
process skills of elementary prospective teachers. 
Pre-service teachers have been thought they gain 
ability of providing material, transferring 
theoretical knowledge into practice, 
responsibility and creativity for experiment from 
the course, student teachers’ perceptions about 
conducting experiments turned out to be fun and 
they have positive opinions about the use of 
hands on science within their classrooms. 

 

AN EXAMPLE OF 
INTERDISCIPLINARITY: 

PHYSICS, CHEMISTRY AND 
MATHEMATICS MERGE WITH 
BIOLOGY AND GEOLOGY IN 

AN URBAN FIELD TRIP 

Lídia Guimarães, A. Mário Almeida, 
Ricardo Rodrigues dos Santos,  

Manuel F. Costa 
mfcosta@fisica.uminho.pt 

 
Abstract. Given the interdisciplinary 
importance constructing knowledge in science 
teaching, this is over more efficient as the 
application of diversified strategies of teaching. 
The fieldwork is a strategy used generally in 
Biology or Geology; however, this work shows 
the possibility of applying the same strategy in 
different scientific areas, such as Physics, 
Chemistry and even Maths. An urban path was 
first idealized and each point stop treats different 
science matters. In addition, the cross linking of 
scientific areas taken to the social field 
reinforces a wider construction of knowledge 
over a greater number of natural phenomena. 
The fieldwork proposed in this document was 
planed in three different groups: the historic 
centre city of Braga, the river that passes 
through the city (river Este) and its unspoiled 
green forest park (Bom Jesus do Monte). For 
each of the chosen locals were defined the point 
stops based on some of the most important 
landmarks of Braga (figure 1). 
After a first visit to the field, with an open 
science eye, the themes choice were carefully 
decided based on time and places that permit the 
execution of a walking through path plan. The 
starting point being the sound produced by 
church bells in the centre city as the motor to 
investigate the conditions of production, 
propagation and reception of sound, the human 
ear and the functioning of a sound level meter. 
The calculation of areas, the drawing of 
circumferences, arcs and ellipses, as well as the 
equilibrium involved in the sustentation of an 
arc, the calculus of the circles area with the 
knowledge that there is an uncertainty when 
measuring at the local point of the fieldwork, the 
eye that questions symmetries and the 
“protection shield” against pigeons preventing 
architectural deterioration where themes 
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suggested when one experiences Braga’s urban 
field. 
Walking by the river come to mind the 
hydrologic cycle, superficial tension, pH, the 
microscopic life in a water drop and the 
functioning of a microscope. 
A brief characterisation of the fauna and flora is 
given when in the forest park (Bom Jesus do 
Monte). The greenhouse effect, the evolution of 
the atmosphere, photosynthesis and carbon-14 
dating are also important subjects. Up the 
mountain using the hydraulic elevator brings to 
mind the Law of Conservation of Energy and 
renewal energies. The surroundings at the end of 
the walk suggested themes like Arquimedes 
Principal, the uses of lightning arresters and the 
GPS system that guided through the point stops 
coordinates of the course path. 
The work required preparation of subjects, 
collecting samples, data and imagery, essential 
resources for the fieldwork post-analyses. The 
gathered material is subjected to observation, 
numeric calculus and laboratorial work, 
presenting results to discussion. 
Information documents where produced, such as 
flyers (figure 2), fieldwork guide and a question 
box to evaluate the public experience throughout 
the fieldwork. 

 

IS IT NECESSARY A FORCE 
FOR AN OBJECT TO MOVE? 

Alcina Rito, Rui Vila-Chã, 
A. Mário Almeida, Manuel F. Costa 

mfcosta@fisica.uminho.pt 
 

Abstract. We present an activity for the 11th 
grade designed to question and learning the 
Laws of Newton. 
As the first task students will answer a quiz to 
evaluate their knowledge about acceleration and 
the first and second Laws of Newton. After that 
an experimental task will consist of moving a 
small car on a horizontal plane using a falling 
block. The string connecting the small car and 
the block will be long enough to enable the block 
to touch the ground before the car stops against 
a bumper (Figure 1). The friction will be 
considered small enough to be disregarded. 

The experiment will be recorded by a video 
camera and images will be analyzed by the 
computer program “Tracker Video Analysis and 
Modeling Tool”. This program allows students 
to analyze the movement of the small car before 
and after the block touches ground, namely: the 
variation of velocity in time; acceleration; the 
net force applied on the small car; the ratio 
between acceleration and the net force; the 
different types of motion. 
With the data collected in the movement analysis, 
students will answer another quiz in which they 
will perceive how their previous knowledge on 
the subject was accurate or not and how much 
have they learnt with this experimental activity in 
classroom. 

 

EXPERIMENTS IN SCIENCE AT 
PRIMARY SCHOOL 

Jitka Houfková, Dana Mandíková, 
Zdeněk Drozd 

jitka.houfkova@gmail.com 
 

Abstract. In our workshop we introduce two 
selected topics – Air and Water - from seminar 
designed for pre-service primary school 
teachers. Primary school teachers are the first 
ones in the school attendance who introduce 
pupils to the natural science. Thus it is very 
important to gain their interest and to motivate 
them to future studies. Young pupils are very 
inquiring, they want to know how things work 
and they love to do experiments. Our seminar 
provides the opportunity to familiarize the future 
teachers with experiments from the parts of 
natural science that are taught at primary school 
and give them an opportunity to try them them-
selves. The emphasis is put on hands-on 
activities of the future teachers and on self-
production of simple teaching aids, as well as on 
correct explanations of shown phenomena and 
on ways how to present them to young pupils, 
and most common misconceptions are 
mentioned, too. The participants of our workshop 
will have an opportunity to try set of experiments 
from the selected topics – Air and Water, and 
make their own teaching aid 

.
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WHAT HAPPENS NEXT? 

David Featonby 
featonby@onetel.com 

 
Abstract. WHAT HAPPENS NEXT? is a 
workshop consisting of demonstrations several 
experiments often with discrepant outcomes. The 
strategy, which will be explained, can be adopted 
with almost all ages, with students and teachers, 
to both engage them, challenge their thinking 
skills, and entertain. A short experiment is 
explained and set up, and then the action is 
paused for the audience to discuss the outcome. 
The workshop covers several areas science, 
particularly physics,, - for example most areas of 
mechanics, light, and heat. Participants in the 
workshop will have access to a bank of over 60 
separate ideas which can be used in teaching. 
The ideas of the work shop have been presented 
throughout the UK and in Europe, both 
personally by David Featonby and through 
colleagues of Science on Stage. David also 
writes a regular column for Physics Education 
on the subject. In the UK the strategy has been 
used in general science teaching, at parents 
meetings, for end of term quizzes, and as 
preparation for university and industrial 
interviews.  
The workshop will challenge, entertain, and 
surprise and without doubt provide material that 
will be used by participants teaching situations. 

 

SECRET LIFE IN AN 
AQUARIUM FILTER 

Jan Mourek, Barbora Talavášková 
mourek@natur.cuni.cz 

 

Abstract. Freshwater aquarium may serve as a 
nice and relatively simple educational model of 
water ecosystem functioning, which can be 
observed directly in school classroom. In 
aquarium, we can easily demonstrate basic 
ecosystem compounds and several trophic levels. 
The light source is represented by aquarium 
lamps, the secondary producers by water plants 
and algae, secondary producers (consumers) by 
water snails and fish. The consumers’ food 
source is supplemented e.g. by the artificially 
added fish feed. An essential, but much lesser 
known part of the aquarium system is the 
assemblage of mostly microscopic decomposers, 
transforming organic debris into inorganic 
compounds serving as plant nutrients. 
In this microscopic laboratory workshop we will 
make a short biological expedition into a 
fascinating and diverse community of organisms 
inhabiting aquarium filters, which can be easily 
observed by conventional biological 
microscopes. A droplet of the detritus squeezed 
from the filtering sponge may contain up to 
several dozens of species, including different 
groups of protists and invertebrate animals. The 
protists are represented mostly by various 
flagellates, diatomes, ciliates, naked or testate 
amoebas and heliozoans, whereas the 
multicellular animals (Metazoa) by microscopic 
planarians, nematodes, rotiferans, gastrotrichs, 
oligochaets, mites or crustaceans. The main 
advantage of this rich source of biological 
material is that it can be very easily obtained 
and is available throughout the whole year for 
school observations. 
Our main aim is to introduce the participants 
into the identification of main groups and typical 
representatives of filter inhabitants with 
simplified identification keys. Further, we will 
observe the behaviour of these organisms, such 
as types of movement, feeding strategies and 
escape reactions. Finally, we will provide 
several proposals of short term laboratory tasks 
as well as long term school projects focusing on 
the inhabitants of aquarium filtration systems. 
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THE CARTOON GUIDE TO 
RELATIVITY 

Jan Novotný, Jindřiška Svobodová 
The Faculty of Education, Masaryk 

University Brno, CZ 
novotny@sci.muni.cz, 

svobodova@ped.muni.cz 

 
Abstract. This paper describes an ongoing 
project to build a multimedia application that 
presents Einstein's theory of relativity in a 
cartoon environment. This article argues for the 
use of the cartoon animation form in science 
education for future teachers. Several examples 
from Theory of Relativity in our "Cartoon Guide 
to Relativity" present the ways in which that form 
can enhance science explanation. While further 
wider research may be needed, this article seeks 
to find the groundwork for a basic science 
education in attractive form that shows science 
in action and engages student’s awareness of 
scientific development. 

Keywords. Courseware, physics education, 
special relativity 

1. Introduction 

Special Relativity is often featured in 
introductory physics courses, many students are 
looking forward to those lessons. They often 
have high expectations for this topic, but soon 
they turn that the understanding Special Theory 
of Relativity is quite difficult task in practice.  
Special Theory of Relativity (STR), while 
mathematically simple, deals predominately with 
situations outside everyday experience. 
Modifying everyday concepts of motion, time 
and space and replacing them by precise 
constructs of STR represents a difficult task for 
everybody. The theory of relativity attracts 
extraordinary attention of inquiring public. 
Every physicist probably had met with its 
insistent critics who claim that STR leads to the 
absurdities. Physics teacher should be able to 
vindicate the theory at least for himself (because 
an effort to convince is usually fruitless). This 
ability to oppose the critique represents a 
touchstone in understanding STR. 
The open textbook “Special Theory of Relativity 
2005” as downloadable PDF course material for 

students was prepared several years ago [1], [2]. 
This textbook is still quite popular among 
physics students. The carefully structured text 
and number of explanations make that 
educational material is suitable for a self-study. 
The authors have developed set of cartoon-style 
multimedia animations illustrated STR [3]. It 
was simply titled The Cartoon Guide to 
Relativity.  
Basic terminology, key ideas and STR 
experiments are appearing on background story 
alien adventures. Every animation is narrative, 
combining story-telling and visualization. These 
stories enable to explore some relativistic effects 
without requiring a detailed understanding of the 
theoretical framework.  
Much of the material is at a level suitable for 
high school students. This approach is designed 
for those students who desired better 
understanding the special theory of relativity, 
focusing on the concepts and results.  
One or more animations can be integrated into 
every aspect of a course STR. Students who 
watch selected animations in lecture, then take an 
assessment quiz. We have found be useful to do 
a short interview with student, too.  

 

Figure 1. Alien and Professor - main 
protagonists 

2. Cartoon Animations in Course STR for 
Future Teachers 

The main characters Alien and Professor are 
guides through particular manifestations of STR 
ideas that are away from common sense. The 
story begins meeting an Alien (from an advanced 
civilization that STR applied in everyday 
practice) and Professor of theoretical physics. 



10th International Conference on Hands-on Science 
Educating for Science and through Science 

© 2013 HSci. ISBN 978-989-98032-2-0 

 

 

328 

 Alien traveling at high speed rocket informs 
Professor of his observations. All measurements 
and observations of natural phenomena are based 
on determining the spatial and temporal 
relations.  
Step by step they formulate the basic postulates 
of STR in their communication. 
I. All physical laws have the same form 
whatever constant velocity you are moving.  
II. The speed of light is always the same, 
independent of the motion of the observer or 
light source.  
Now, we describe several samples from our 
animation collections, listed below, with a brief 
description of its, we are using for this course 
STR.  

 

Figure 2. Synchronisation method 

2.1. Science Terms  

A conversation between Alien and a Professor 
begins by clarifying their terminology. The 
"event" means something quite specific in the 
context of STR: an event is something which 
happens at a single point in space at a single 
instant in time. The area of physical processes is 
a space-time, its elements are events.  
The processes in space-time are described from 
point of view of different frames of reference 
(we restrict ourselves on inertial systems of 
reference). Reference frame is idea of great 
importance. Key feature of both classical 
mechanics and STR is that no uniquely 
privileged reference frame exists.  
Any rigid non accelerating body may be 
regarded as a realization of the valid reference 
frame. In usual presentation of STR we restrict 
ourselves on inertial systems of reference 
(systems where the law inertial holds). 

Then Alien explains a meaning of a word proper 
length to Professor. In classical mechanics, 
lengths are measured based on the assumption 
that the locations of all points involved are 
measured simultaneously, but in STR the notion 
of simultaneity is dependent on the observer. 
Proper length between two separated events is 
the distance between the two events, as measured 
in an inertial frame of reference in which the 
events are simultaneous. 
Proper lengths provide an invariant measure, 
whose value is the same for all observers.  

2.2. Synchronization 

There is a new problem - synchronizing clocks at 
different points of space. In the course of 
analysis of the rocket motion the problem arises, 
how to determine simultaneous location of ends 
of rocket. A necessity turns out to synchronize 
distant clock. Alien presents to Professor his 
method of synchronization which in fact 
corresponds with Einstein’s method of exchange 
of light signals. 

2.3. Composition of velocities 

The classical composition of velocities 
contradicts to the relativistic postulate of 
invariant velocity of light. Alien assign a task to 
Professor. You are monitoring a space ship 
moving away on Earth. If I am going at 0.5c 
relative to you and the rocket goes 0.5c relative 
to me how fast will it go relative to you? 
The results for classical and relativistic 
composition are presented. 

 
Figure 3. Adding velocities 
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performing multimedia animations. 
Students are required to watch selected 
animation (may be repeatedly) and than complete 
a series of test questions. At the end of every 
course, students solved simple problems from 
this field.  
In preparation for next semester the main 
features will be evaluated through peer review 
and with student test groups. Throughout the 
semester pre-tests and post-tests will be 
implemented to supplement the surveys and 
observations. 

4. Conclusions 

The students, who have undertaken cartoon 
multimedia stories, have reported benefits in 
their understanding STR phenomena. They 
appreciated better visual representation for 
relativity ideas.  
In further refinement of these textbook and 
improved cartoon animations, authors will work 
on suggested modifications, worksheets and 
instructor notes of activities. They will introduce 
more explicit training documentation for STR 
tutors. 
Next research is now focusing on analysis the 
correlations of acquired student’s skills to other 
topics (geometry, attentiveness). Pre-test and 
post-test of students will provide an overview of 
the student’s concept development when 
experimenting with STR animation. 
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Abstract. Many researchers are exploring new 
opportunities in education through employing 
social networks. Social networks may play an 
important role in science education since they 
expose information in a minimal amount of time. 
The Facebook page, Creative Minds was created 
in an attempt to popularize science in Palestine. 
This paper aims at evaluating the role of social 
networks in increasing interest in science and 
science literacy where ‘Creative Minds’ is taken 
as a case study. The effectiveness of 'Creative 
Minds' was assessed using an online 
questionnaire. The results present implications 
for educators on the use of social networks in 
enhancing science literacy. 

Keywords. Informal Science, Science 
Education in Palestine, Social Networks, Science 
Literacy. 

1. Introduction 

Since the rise of modern science in the 1600s, 
there has been an interest in linking the academic 
sciences to the lives of students and communities 
[3]. Science literacy has become an essential 
component of modern citizenry due to the direct 
connection of sciences to politics, economy and 
the society [10]. Moreover, Laetsch (1987) 
argues that science literacy has become an 
important indicator of development as it enables 
better political decisions and economic returns, 
helps reduce superstition, improves individual 
behaviors, and helps create a more ethical world 
(as cited in [6]; [7]). Achieving science literacy, 
however, remains to be a challenge, as sciences 
are usually communicated to the public in a less 
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appealing way and are conveyed in an esoteric 
language known only by the experts in sciences. 
The rapid increase in the use of social 
networking tools coupled with the availability of 
various access methods present a great potential 
for enhancing collaboration between people. This 
could present a great investment for education 
and research. Social networks have transformed 
the use of internet from a solely information 
access tool, to an interaction tool used by 
individuals to discover and share content, 
opinions, and information [2].  
Science education may involve the interaction 
between the four communities; society, students, 
educators and scientists, as illustrated in figure 1: 

 

Figure 1. Connecting communities through 
social networks (illustrated for science education) 

In science education, there is a vital need for an 
effective interaction between the four 
communities; students, educators, scientists and 
society, as science is linked to all aspects of the 
everyday life. Social networks engage students in 
learning processes and support interaction among 
students, instructors and their communities [4]. 
Recent arguments suggest that social networks 
possess many desirable qualities of good and 
‘official’ education technologies, where feedback 
and matching social contexts of schools, 
universities and local communities are permitted 
[8] [9]. The properties of social networks allow 
for collaboration and active participation in 
generating knowledge among the users [8]. 
Nowadays, an increasing number of scientists are 
becoming active on social networks where 
people can follow the scientists and have their 
immediate comments and feedback on different 
scientific events, discoveries, and updates related 
to their field of work. Kateman (2012) [5] 

suggests that scientists in the digital age have a 
unique opportunity to communicate and interact 
directly with the public on social media 
platforms in an engaging, casual and fun 
atmosphere. 
Social networks may also play an important role 
in science education by leveraging the 
crowdsourcing for scientific events, since they 
encourage interaction and contribution. This has 
encouraged many educational institutions to 
adopt learning communities; where researchers 
can generate online discussion from the confines 
of their labs; curators can promote knowledge 
displayed within a museum; and teachers can 
create an exciting environment for their students 
to learn science [5]. 

1.1. Science Education in Palestine 

Science education in Palestine remains to be 
traditional where the students’ role is limited by 
the textbook-driven lectures, and their 
performance is evaluated based on their 
knowledge of the textbooks [13] [14]. This 
challenge, coupled with the general lack of 
interest in science and science culture among the 
Palestinian society, inhibits the students' and 
society's interest in science as it is seen as a rigid 
topic with minimal hands-on experimentation 
[14]. Science literacy is very important, yet 
achieving it remains to be a challenge; however, 
developing informal science learning 
environments could be effective in enhancing 
science literacy in Palestine [7]. 
The Walid and Helen Kattan Science Education 
Project (WHKSEP), is a Palestinian project 
aiming at “improving the quality of science 
education in Palestine’s schools and effectively 
transmitting its value into the wider society” and 
is making many efforts to improve science 
education both on educational and societal 
levels; this involves its informal science program 
which aims to immensely contribute to 
enhancing science culture and literacy in 
Palestine [13].  

1.2. The Employment of Social Networks  

Social networks have been used for various 
educational purposes including peer-learning, 
teacher-student discussions, and scientist-public 
interactions. Educators may soon reach a point at 
which it is difficult to imagine education without 
social networking tools [15]. Furthermore, 
involving students with discussions on science-
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related topics is of a great importance, not only 
with other students and teachers, but also with 
the public and the scientific communities. 
 Emphasizing informal science learning 
activities and communication could be of a 
tremendous advantage when attempting to raise 
awareness about and interest in science and 
science culture in the Palestinian society [7] [13]. 
Battrawi and Muhtaseb (2013) suggest that social 
networks could be employed in science 
education as they create a virtual space for 
informal learning of science where students and 
the general public may learn valuable scientific 
knowledge, interact with each other on science-
related topics and share scientific knowledge [4]. 
Moreover, social networks could be useful in 
tackling issues in science education, such as 
common misconceptions in science, as they can 
reach and affect the society as a whole [4].  
 In order to create virtual communities and 
encourage the active participation of social 
network users, social networking sites need to 
provide means and tools to support interaction 
and collaboration. The number and availability 
of social networking tools has expanded to 
include various online activities such as 
webcasting, blogging, instant messaging, 
chatting, and gaming [12]. In Facebook, fan 
pages are among the tools that are designed to 
help user connect with other users based on 
common interests. Active participation can be 
emphasized using fan pages as they are innately 
designed to facilitate interaction. 
 Evaluating the impact and the role of social 
networks in promoting science literacy and 
interest in science, allows educators and social 
networks’ developers to observe the important 
issues needed to be considered while adopting 
such tools in order to make the best use of them 
for educational purposes. The purpose of this 
study is to evaluate the impact and the role of 
social networks in increasing interest in science 
and science literacy in the fields of science, 
technology, society and environment (STSE) 
using the Facebook page ‘Creative Minds’ as a 
case study. To achieve this purpose, the 
effectiveness of the Facebook page 'Creative 
Minds' was assessed by a group of its audience 
using an online questionnaire, where two themes 
with different subtopics were selected and 
evaluated: 
Theme 1: The exploration of the extent to which 
the page 'Creative Minds' is increasing interest in 
science among the audience; where the following 
aspects are discussed: 

 Evaluation of the page's content 
 Audience's engagement in science 
culture 

Theme 2: The assessment of the role of the page 
'Creative Minds' in promoting awareness about 
current and ongoing issues in science; where the 
following aspects are discussed: 

 Audience's identification with the 
scientific community 
 Connection of science to the daily 
life 
 Awareness about and responsibility 
towards current and ongoing scientific 
and environmental issues. 

2. 'Creative Minds' Facebook page 

The 'Creative Minds' Facebook page is a 
bilingual Facebook page where Arabic and 
English are the languages used. The Walid & 
Helen Kattan Science Education Project created 
the page in February, 2012 in an attempt to 
popularize science in Palestine, promote 
awareness about citizen science, provide people 
with resources and updates related to science, 
encourage critical thinking and questioning, raise 
people’s interest and awareness about specific 
topics in science, refute common misconceptions 
in science, and present a venue for interaction 
between people on science-related matters [4]. 
The current number of page fans is 3,038.  
The unique properties of social networks and 
particularly Facebook make them a great 
medium for educational interventions. The ease 
of access to Facebook, coupled with its 
popularity among Palestinian users, was the main 
factor influencing the WHKSEP's choice of 
Facebook as a medium of intervention.  
Creating an interactive scientific learning 
environment by encouraging people to 
participate in positive content-related discussions 
is another goal of the page. 'Creative Minds' 
introduces people to reliable science news 
resources; encouraging people to look critically 
at their sources of knowledge and to collect and 
share useful information on the page.  
The page also aspires to introduce and, in the 
future, promote citizen science. Through 
interacting with the 'Creative Minds' Facebook 
page, the Palestinian public involved is exposed 
to such projects and initiatives. This "awareness 
stage" will be elevated to "active involvement" in 
citizen science projects which will be established 
for educational purposes [4]. 
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The page also attempts to link the audience to the 
current and ongoing international and global 
causes, events, petitions, and competitions in 
order to create global awareness and connection 
of Palestine to the international science 
community. This is of a special importance due 
to the lack of resources on such content in 
Arabic. The page also supports the WHKSEP's 
informal science program by following up with 
the students involved in the program's activities 
thus sustaining their interest in specific topics in 
science [4]. 

3. Method 

The impact and the role of social networks in 
increasing interest in science and science literacy 
is dependent upon the perceived value of their 
use which is determined by the user. It may also 
be influenced by the previous level of interest 
and scientific knowledge among the audience. In 
order to evaluate the impact of the page in 
raising interest in science among the audience, an 
online questionnaire has been employed.  

3.1. Participants 

The online questionnaire targeted the audience of 
the ‘Creative Minds’ Facebook page. The 
participant evaluators were from different ages 
and locations. The total number of participants in 
this questionnaire was 60 among them 36 were 
male and 24 were female. The respondents were 
from 16 different countries, 54 respondents were 
from Arabic-speaking countries, 26 of which 
were from Palestine. Of the respondents, 20% 
were between 14 and 20 years old, 37% between 
21 and 26 years old, 28% between 27 and 32 
years old, and 15% were over 33 years old, while 
the average age is 26 years old. 
The main characteristics of the 60 respondents 
are presented in Figures 2 and 3. 

3.2. Procedures 

The data for this study were collected using an 
online questionnaire. An invitation to participate 
in the study was posted multiple times on the 
‘Creative Minds’ Facebook page. Participants 
were asked to 'check' the response that best 
described their level of agreement with the 
statement. 

3.3. Research Instruments 

The questionnaire included 22 close-ended 
questions designed to evaluate users’ opinions on 
the impact of the ‘Creative Minds’ Facebook 
page on their interest in science and their level of 
science literacy. The design of the questionnaire 
involved a literature search to consider the best 
possible type of questions that reflect the users’ 
evaluation of the page's content in terms of 
interest and literacy. The final questionnaire was 
a Likert-type bilingual questionnaire (where the 
languages used were Arabic and English) and 
included 4 parts: demographic data, evaluation of 
the page's content in terms of interest in science, 
evaluation of the page's content in terms of 
science literacy, in addition to a section that 
investigated the preferred fields of interest and 
preferred methods of content communication 
among the audience.  
 

 
Figure 2. Ages of the participant audience in the 

study. 

4. Data Presentation and Analysis 

This study assesses the role of the page ‘Creative 
Minds’ in increasing its audience's interest in 
science and science literacy. To achieve this 
purpose, respondents were asked to indicate the 
level of agreement with several statements using 
a five-point Likert-type scale ranging from 
strongly disagree (1) to strongly agree (5). The 
participants were first asked a few general 
background questions, such as their age, their 
nationality, and the frequency of using Facebook.  
In terms of the frequency of using Facebook, a 
vast majority of respondents use Facebook 
multiple times a day, results show that 37% of 
the respondents use Facebook multiple times a 
day using computer and mobile device, 36% of 
the respondents use Facebook multiple times a 
day using computer, and 15% of the respondents 



10th International Conference on Hands-on Science 
Educating for Science and through Science 

© 2013 HSci. ISBN 978-989-98032-2-0 

 

 

334 

use Facebook at least once a day. This highlights 
the importance of employing social networks for 
educational and research purposes as they are 
becoming a part of peoples’ every-day lives. 

 

Figure 3. Audience's frequency of use of 
Facebook 

As mentioned previously, two themes were 
highlighted in the questionnaire, each having 
subthemes with corresponding statements. Table 
1, summarizes the cell means for the respondents' 
evaluation of the page according to the themes. 

Audience Perceptions 
Theme 1: Interest in Science Evaluations 
Evaluation of the page's content  
Statement 1: New Knowledge 3.9 
Statement 2: Quality of Topics 3.75 
Statement 3: Quality of the 
Content 

4.02 

Audience's engagement in 
science culture 

 

Statement 4: Sharing 
Inside/Outside the Facebook 
Context 

3.23 

Statement 5: Interest to Participate 2.76 

Theme 2: Awareness about 
Current and Ongoing Issues in 
Science 

 

Audience's identification with 
the scientific community 

 

Statement 6: Joining Science 
Events 

3.33 

Statement 7: Following External 
Resources 

3.33 

Connection of science to the 
daily life 

 

Statement 8: Connecting Science 
and Technology to the Society and 
Environment 

3.45 

Statement 9: Relating Science to 
the Everyday Life 

3.35 

Awareness about and 
responsibility towards current 
and ongoing scientific and 
environmental issues 

 

Statement 10: Feeling Up-to-Date 
with the Latest Developments and 

3.43 

Challenges 
Statement 11: Responsibility 
Towards the Environment 

3.08 

Table 1. Cell means for the respondents’ 
evaluation of the page 

 
4.1. Theme 1: The Extent to Which the Page 
'Creative Minds' is Increasing Interest in 
Science among the Audience. 
 

 Evaluation of the page's content 
This part of the questionnaire included three 
statements related to the quality of the page's 
content, and the type of information conveyed in 
the page's posts; 

o Statement 1: The page exposes me to 
topics in science which I am normally 
not exposed to. 
o Statement 2: The page ‘Creative 
Minds’ posts interesting pictures, videos 
and interactive applications, I am always 
interested in reading/viewing the new 
posts. 
o Statement 3: I find the topics 
demonstrated by the page very 
interesting. 

By evaluating statement 1, the respondents 
evaluated the type of topics that are presented on 
the page compared to the topics that they already 
know about. The mean score of the audience’s 
responses to this statement is 3.9. The mean 
score of the evaluation of statement 2 is equal to 
3.75. Responses to this statement suggest that a 
large portion of audience appreciate the way the 
content is presented, which also highlights the 
importance of communicating scientific content 
in a simple and understandable way that reaches 
everyone despite their level of science literacy. 
The respondents agreed to the statement 3 with 
mean score 4.02 which indicates that most of the 
respondents are satisfied with the type and 
quality of the content posted on the page. 

 Audience's engagement in science 
culture 

In this section of the questionnaire, the 
statements are designed to assess the audience's 
level of identification with and engagement in 
the science culture. The statements assess the 
impact of the page's posts on the audience's 
engagement in science topics inside the 
Facebook context, through assessing their 
involvement in science-related discussions on 
Facebook, and outside the Facebook context, 
through assessing the extent to which the 
respondents reach in sharing and discussing the 
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page's content with their families, friends and 
communities. The statements used were; 

o Statement 4: I feel interested in 
sharing some of the page's posts on my 
wall or telling my family and friends 
about those topics. 
o Statement 5: I read the comments on 
some of the page's posts and feel 
interested to write comments or 
participate in discussions on the page. 

The mean score of the respondents’ evaluation to 
statement 4 is equal to 3.23, and to statement 5 is 
equal to 2.76. As mentioned in section 3, one of 
goals of ‘Creative Minds’ page is to present a 
venue for interaction between people on science-
related matters and to encourage people to 
collect and share useful information. The 
responses indicate that most of the respondents 
were not interested or felt neutral about their 
willingness to get involved in science-related 
discussions inside or outside the Facebook 
context. 

4.2. Theme 2: The Role of the Page 
'Creative Minds' in Promoting Awareness 
about Current and Ongoing Issues in 
Science 

 Audience's identification with the 
scientific community 

This part highlights the role of the page in 
changing the audience's identification with the 
scientific community through assessing the 
audience's level of participation in ongoing and 
current scientific events, and the level of 
appreciation for reliable and trustworthy 
resources of science news. Two statements were 
used in this section; 

o Statement 6: The page encourages me 
to participate in current and ongoing 
international science events (such as 
earth day, meteor showers, etc.). 
o Statement 7: The posts on ‘Creative 
Minds’ make me interested in reading 
more about some topics from the 
provided links, or other external 
resources. 

 Responses to statements 6 and 7 are averaged 
as 3.33 for each statement. This indicates that a 
low number of the respondents agree with those 
statements, which might be due to the lack of 
scientific events that can be covered online, in 
addition to language being an additional barrier 
as most of the live streaming for the scientific 

events was in English whereas most of the 
respondents were native Arabic speakers. 
However, elevating the audience's level of 
identification with the scientific community is a 
challenge which can be tackled with the effective 
and long term use of social networks for this 
purpose. 

 Connection of science to the daily 
life 

In this part, the respondents were asked two 
statements which assess the extent to which the 
page has helped the audience relate science to 
their everyday lives and contexts; 

o Statement 8: The page helps me 
connect science and technology to the 
society and environment. 
o Statement 9: The page has helped me 
in relating science to my everyday life. 

The mean score of the respondents’ evaluation to 
statement 8 is equal to 3.45, and to statement 9 is 
equal to 3.35. Statement 8 aims to assess the 
extent to which the page helps the audience 
connect science to the societal and environmental 
issues of today's world, while statement 9 
assesses the extent to which the page is helping 
in connecting science to the daily lives of the 
respondents at home, work, school, etc. The 
mean scores of responses to both statements 
suggest that the respondents felt neutral towards 
these statements. This might be due to the 
diversity of the audience where some of them 
might have just recently become involved in the 
page. In order to achieve a better assessment to 
this statement, there is a need to study the long 
term effect of the page. However, connecting 
science to the daily life requires time and 
continuous exposure to knowledge which might 
be a limiting factor in this study. 

 Awareness about and responsibility 
towards current and ongoing scientific 
and environmental issues. 

Two statements were used to assess the page's 
role in changing the audience's levels of 
awareness about the current scientific and 
environmental issues, and responsibility towards 
such issues; 

o Statement 10: Joining 'Creative 
Minds' makes me feel that I am up to 
date with the latest developments and 
challenges related to science and 
environment. 
o Statement 11: The page increased my 
sense of responsibility towards the 
environment; I feel it is my responsibility 
to take action in the local and 
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international environmental campaigns 
and petitions. 

The mean scores of responses to statements 10 
and 11 are equal to 3.43 and 3.08 respectively. 
This suggests that the respondents felt neutral 
about the page's contribution to their awareness 
and responsibility towards current and ongoing 
environmental and scientific issues. 

5. Discussion and Conclusion  

The numbers of social network users have been 
growing tremendously over the past few years. 
This advance, coupled with the increased 
capacity of social networks could be utilized in 
science education through the use of social 
networks as virtual informal science learning 
settings. The role of social networks might be 
significant in popularizing science and increasing 
students’ motivation about science [4]. The 
purpose of this study is to evaluate the impact 
and the role of social networks in increasing 
interest in science and science literacy 
specifically in the fields of science, technology, 
society and environment (STSE). At the most 
basic level, this study aims to investigate the 
extent to which the page ‘Creative Minds’ is 
increasing interest in science and promoting 
awareness about current and ongoing issues in 
science among the targeted audience of the page. 
The research was accomplished through creating 
an online questionnaire that evaluates the 
audience's perspectives on the impact of the page 
on their interest in science and science literacy.  
The page represents an attempt to employ social 
networks in education by employing it as 
informal learning tool, however, this study aimed 
at evaluating two aspects of the use of social 
networks for educational purposes. Overall, 
positive responses were received and a few 
challenges appeared through analyzing the 
results which might have hindered the 
accomplishment of some of the page's desired 
goals. 
Two themes were highlighted in the 
questionnaire, the first theme included statements 
that reflect the impact of the page ‘Creative 
Minds’ on increasing interest in science among 
the audience. Responses indicate that the page 
offers new and interesting topics and show that 
responding audience are satisfied about the way 
new topics are presented which employs 
pictures, videos and interactive applications.  
The responses also suggest that most of the 

audience may prefer to share the topics and get 
involved in science-related discussions outside 
the Facebook context; this might be the case due 
to the diversity of the audience, with different 
levels of scientific knowledge and understanding. 
This might also explain why specialized social 
networks, which are directed at people with 
expertise and knowledge on the specialized 
topics, have higher levels of interaction.  
Users’ engagement in science culture can be 
reflected on Facebook or outside the Facebook 
context through sharing and discussing the page's 
posts with their communities. One of the 
advantages of Facebook pages is that they 
provide four levels of user engagement for each 
post (including Reach, Engaged Users, Talking 
about This, and Virality) which might be a useful 
tool for following users’ engagement with the 
topics.  
The second theme aimed to evaluate the role of 
the page ‘Creative Minds’ in promoting 
awareness about current and ongoing issues in 
science. Responses indicate that most of the 
respondents felt neutral about their identification 
with the scientific community as an impact of 
joining the page, this suggest that additional 
efforts must be given to the encouragement of 
the audience to participate in current and 
ongoing international science events. On the 
other hand, more research should be conducted 
in order to find the tools that make more 
effective use of social networks in increasing the 
audience identification with the scientific 
community. This was also emphasized by the 
respondents’ perception about the impact of the 
page in connecting science to the society and 
environment, and their awareness about and 
responsibility towards current and ongoing 
scientific and environmental issues. Those results 
highlight the importance of evaluating the page 
by the audience continually to investigate the 
long-term impact of the page on their awareness 
about current and ongoing issues in science.  
The findings imply that social networks could be 
an effective research tool as there is a direct 
interaction with wide range of communities. A 
continuous collaboration between educators and 
social networks developers can lead to 
developing new tools that will make a better use 
of social networks in this field. Facebook fan 
pages could be one of the effective tools, not 
only for their role in education, but also in 
providing advanced insights which can reflect 
the level of interest in each topic, and help in 
analyzing the stages of engagement of the 
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audience.  
One of the main challenges faced in running the 
page was the recent changes in Facebook's policy 
for fan pages, which limit the posts from the 
user's newsfeed unless they add comments, share 
or like the posts. An additional challenge which 
is always faced is related to people’s 
preconceived ideas and cultural concerns which 
conflict with some scientific facts. The different 
levels of scientific knowledge and reading 
culture among the audience were also witnessed, 
this is due to the fact that the page targets a wide 
range of audience; this emphasizes the 
importance of simplifying posts in a way that 
attracts and maintains everyone's interest, in 
addition to emphasizing the visual aspect of the 
posts rather than the solely text-based posts. An 
additional challenge might be the audience’s 
perception of the connectivity of the science-
related / environmental global events to their 
daily lives. The language of the broadcasts for 
such events being in English may hinder the 
possibility of following-up with the event by the 
non-English speakers, thus some of the audience 
may find it challenging to maintain interest in 
participating in such events.  
Despite the contribution of this study, there are 
still limitations concerning the outcome of the 
study. Conducting this study after a longer period 
and page history could result in more valuable 
findings where respondents can have the 
opportunity to engage more with the page’s 
content and updates. Moreover, only two aspects 
have been chosen in this study, where other 
aspects need further evaluations.  
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Abstract. Characteristic feature of digital 
cognitive technologies is the possibility of their 
use for support and facilitation of cognitive 
practices which can be applied in various 
teaching and learning activities. Digital 
cognitive technologies useful in mathematics 
teaching provide various tools to solve different 
types of mathematical problems. More types of 
digital cognitive technologies can be 
appropriately used for investigation of sequences 
and searching of formulas for the calculation of 
sequence members. In this contribution, we 
focused on the use of different possibilities of a 
spreadsheet for creation of tables in which are 
incorporated recurrence relations between data. 
Designing of worksheets is based on providing of 
feedback for monitoring of continuous students’ 
results. To make students think about the process 
of problem solving, the worksheet is divided into 
more sheets which contain the particular steps of 
solution of the problem. Showing next part of 
problem solving is conditional on right solution 
of partial tasks in the previous sheets. Dynamic 
geometrical system Geogebra offers even more 
advanced tools to the investigation of sequences. 
The system Geogebra is complex software which 
integrates tools for geometry, algebra, symbolic 
manipulations and also creation of tables. 
Possibilities of the use of the system Geogebra 
for manipulation with different representations 
of data that helps to create an environment for 
active investigation of relations between 
sequence members and for development of 
students’ cognitive abilities are demonstrated in 
the contribution.  
Presented tools of spreadsheet and the system 
Geogebra are used for calculation and graphical 
representation of different types of sequences. 

Investigation of sequence features is the first step 
to derive formulas for the calculation of 
sequence members. The main attention is 
devoted to derive analytical formulas of the n-th 
member for determination of the sequences. We 
tried to include problems which require 
investigation of the relationship between 
variables derived from real situations with which 
students have experiences from everyday life. 

Keywords. Sequences, spreadsheet, Geogebra, 
representations of data, mathematics teaching, 
problem solving 

1. Introduction 

Meaningful and effective use of digital 
technologies in the teaching process can 
contribute to stimulate active learning, create 
positive students’ attitudes towards mathematics 
and to develop cognitive skills of students. 
Digital technologies which can significantly 
contribute to investigate patterns and 
relationships and to facilitate cognitive activities 
in the organization of various learning activities 
are usually named as digital cognitive 
technologies [4]. Computer assisted instruction 
should be based not only on the integration of 
digital technologies into the traditional methods 
of teaching but it should respect the innovative 
trends in education. Modern teaching methods in 
mathematics place main emphasis on active 
approach to acquire new knowledge and skills. 
Creating a stimulating learning environment and 
thoughtful organization of learning activities are 
important conditions for the application of 
modern approaches to learning. Digital 
technologies offer a variety of tools and therefore 
can be the dominant component of various forms 
of learning environments. Teaching systems 
represent one type of learning environment in 
which the authors incorporate strategies to 
support the learning process. Classical teaching 
programs can be included in this group of 
systems. Development and assessment of 
potential possibilities of use of these systems 
require considering the basic types of 
interactions between all actors of the educational 
process. Base interactions in the development 
and use of digital teaching systems are illustrated 
in the following scheme. 
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(1)   .2),(2 11   aana nn   

Show that an inequality 22  n
na holds for the 

first 20 members of this sequence. Propose 
a method of proof of this inequality for all 
natural numbers. 
 
We prepared an interactive worksheet for 
students. Those students had to think about the 
process of solving of mathematical task and 
about the expression of mathematical relations 
through formulas, worksheet is divided into 
several sheets which contain the steps of task 
solution. Figure 1 shows the part of the first sheet 
containing a partial task for students which 
requires to write a formula expressing the given 
recurrence relation (1). 
 

 

Figure 1. 

Correct  completing of formula in the cell 
with yellow background and its confirmation 
activates next sheet with a table containing the 
calculation of the first 20 members of the given 
sequence. The next part of solving of problem 
consists of addition the third column for 

calculating the difference n
n a22  in the table. 

The final table is located on the third sheet. This 
sheet contains also another partial task for 
students. Students should observe in the table 
that calculated differences determine increasing 
arithmetic sequence. Students are asked to 
determine the formula for calculating the n-th 
sequence member. Assignment of partial task 
with the correct answer is shown in Figure 2. 

 

Figure 2. 

The last sheet contains a summary of problem 
solution and proposal of proof method of given 
proposition. For the first 20 sequence members 

we found that difference n
n a22  increases and 

determines an arithmetic sequence. N-th member 
of this arithmetic sequence is determined by 
expression 42 n . Finally it is necessary using 
mathematical induction to prove that the 

difference n
n a22  determines the sequence of 

  142 nn  for all natural numbers. 

If the student has difficulties with finding of 
formula for calculating the n-th member of the 
resulting arithmetic sequence they can use a 
graphical representation of the calculated 
sequence members. The fact that the 
corresponding points lie on a straight line should 
lead the students to arithmetic sequence which 
expresses the linear relationship between 
variables. 

3. Identification of relationships 
determined with sequence members  

Tasks in which several first sequence members 
are specified and a student is asked to append 
several following sequence members are often 
found among the typical tasks for determining 
sequences. Tasks of a similar type are usually 
included in various IQ tests. The student has to 
discover the connection between given sequence 
members and use it for appending the next 
numbers.  
Students had to use properties discovered 
arithmetic sequence by solving of the problem 1. 
This simple connection between sequence 
members in problem 1 can be easy expressed 
mathematically. The next problem enables 
students to apply various approaches to 
appending the members to given sequence of 
numbers and investigation of relations between 
given numbers leads students to the complicated 
functional dependencies. 

Problem 2: Given three numbers 1, 2, 4 which 
represent the first three members of sequence. 
Characterize a relationship between those 
numbers and use it to append several following 
members.Based on the given three numbers 
students could easily notice that all three 
numbers represent consecutive squares of 
number 2. Then numbers 23, 24, etc. should 
follow. Discovered sequence represents 
geometric sequence with quotient 2. Analytical 
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expression of n-th member can be written in 

form: (2)    .,2 1 Nna n
n     

Exponential dependence can be used for 
characterizing a geometric sequence. 
If we focus on differences between consecutive 
numbers are differences 1 and 2. Then 
differences 3, 4, etc. could be follow. We receive 
the sequence 1, 2, 4, 7, 11, …. How to find the 
expression of n-th member of the sequence? 
Insight into solving the problem can lead to 
identification of function dependence determined 
of sequence members. In this case it cannot be a 
linear relationship because the differences 
between consecutive members are not constant. 
The differences between consecutive members 
increase uniform in described sequence. The 
differences (1, 2, 4, 8, etc.) between consecutive 
members of sequence (2) are increasing but 
much more rapidly. This fact leads to 
exponential dependence which cannot be applied 
to investigated sequence.  
Quadratic dependence is another type of students 
known dependence. We use the table of function 
values at the points 1, 2, 3, 4 and the graph of 

quadratic function 
 Raaxyf ,: 2

to 
investigate differences of function values 
assigned to consecutive positive integer. The 
graph and the table with differences in columns: 
p1 (f(2)–f (1)), p2 (f(3)–f (2)), and p3 (f(4)–f (3)) 
are shown in figure 3. 

 
Figure 3. 

We construct graph of quadratic function f for 
selected value of coefficient a and we mark 
selected points. Roller displayed in left window 
in figure 3 is used for changing of coefficient a. 
Attribute Record to Spreadsheet is set for each 
selected point on the graph of function f. 
Changings of coefficient a induce writing of 
coordinates of points into the table. We calculate 
differences of y-coordinates of adjacent points 
(p1, p2, p3) through simple formulas.  
Values calculated in the table illustrate the fact 
that differences increase uniform. Dynamic 

construction can be generalized for quadratic 

function 0,,,,: 2  aRcbacbxaxyg  
using another variables. Discovered connection 
between function values of quadratic dependence 
can be justified by means differential calculus. 
Base on the discovered connection between 
sequence members we derive analytical 
expression for n-th member of investigated 
sequence in form: 

(3)   .,2 Nncbnanan    

We obtain a system of three linear equations with 
three unknowns a, b, c substituting the three 
sequence members in formula (3). CAS module 
can be used for this routine calculation. We 
apply relevant command to compiled equations 
and we receive the result: a = 1/2, b = -1/2, c = 1. 
N-th member of sequence is determined by the 
formula:  

(4)   .,1
2

1

2

1 2 Nnnnan    

4. Different ways of the sequence 
determination 

In many cases insight to connection between 
sequence members allow simply to complete 
recurrence relationship. We chose problem from 
real life of children which is related to children's 
play with cubes to illustrate the different ways of 
the determination of the sequence. 

Problem 3: Children built stairs using cubes (see 
figure 4). Determine how many cubes will be 
used for building of stairs in the n-th step.  
 

 
 

Figure 4. 

Short investigation leads to observation that the 
transition from step k to step k+1 adds k+1 
cubes. Count of cubes for building of stairs in 
step n can be express recursively: 

 (5)   .,1, 11 Nnanaa nn     

The recurrence relation shows that number of 
added cubes increase uniform and therefore 
analytical relationship for calculation of the n-th 
sequence member will represent quadratic 
dependence. In this case we will not solve a 
system of linear equations but we will use 
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another way. 
 

 

Figure 5. 

Completion of the picture of stairs to square (see 
figure 5) shows that we receive in the n-th step 
the square containing n2 squares which represent 
cubes. We added n–1 squares in horizontally and 
vertically direction around the perimeter of the 
square. The total count of added squares is equal 
to count of squares in previous step. Using 
described consideration can be express 
recursively n-th member: 

(6)  .,1, 11
2 Nnaana nn     

We express an-1 from relationships (5) and (6). 
We obtain equation:  

(7)    nn anna  2 . 

Adjustment of the equation (7) leads to 
expression of n-th sequence member: 

(8)    
2

2 nn
an


 . 

Another approach usable in high school can 
consist in determination of sum of the first n 
natural numbers. 
We use the system Geogebra for graphic 
representation of explored sequence. First we 
complete the next two steps into a table. We 
construct five points represented the first five 
sequence members in window Graphics. Then 
we build conic using command Conic through 
Five Points. Result is shown in figure 6. 
Analytical expression of constructed conic is 
written in the Algebra window. It accords with 
derived relationship (8). 

 

Figure 6. 

We extend the problem 3 to building of 
pyramids. It leads to investigation of another 
kind of dependence.  

Problem 4: Children built pyramids using cubes 
(see figure 7). Determine how many cubes will 
be used for building of pyramid in the n-th step.  

 
 

Figure 7. 

First we derive recurrence relationship between 
sequence members. The transition from step k to 
step k+1 adds by building of pyramids (k+1)2 
cubes. Relationship for the calculation of n-th 
sequence member can be expressed in form: 

(9)   .,1, 1
2

1 Nnanaa nn     

Differences between members of this sequence 
increase more rapidly than by building of stairs 
in the problem 3. Recurrence relation shows that 
increasing of differences between consecutive 
members can be characterized through quadratic 
dependence. The speed of increasing of cubic 
function can be characterized on the basis of 
knowledge of differential calculus through 
quadratic dependence. We try express the 
formula for cubic function using the first four 
sequence members. CAS module in the system 
Geogebra will be used to solve a system of linear 
equations too. 

 

Figure 8. 

First we create the list of points representing 
sequence members using entering data in the 
cells of the table or writing command List into 
input bar together with coordinates of points. 
Then we write and solve related system of four 
linear equations. The result is displayed in figure 
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8. Finally we can apply command Polynomial 
with defined list of points. Graph of cubic 
function appears in the window Graphics. The 
formula of the cubic function is written into the 
Algebra window. All three windows together 
with described data and graph are displayed in 
figure 8. 

5. Conclusions 

The organization and guiding of learning 
activities focused on experimentation with 
various representations of data and investigation 
of relations between data is important for 
acquisition of mathematical concepts and 
knowledge. Understanding of mathematical 
knowledge is basis for development of students’ 
competences to apply mathematical knowledge 
and skills in various situations and for problem 
solving. 
Dynamic geometrical systems provides advanced 
tools for implementation of stimulating learning 
environment which allows work with various 
representations of data for use of different types 
of models. Our experience shows that the system 
Geogebra considering extensive options and easy 
availability belongs among the most utilized 
software systems in mathematics teaching. 
Although we have described only some of the 
possibilities of its use in the investigation of 
sequences in this article, Geogebra is versatile 
system usable in the mathematics education at 
primary schools and secondary schools and also 
universities.  
It is necessary that teachers appropriately and 
meaningfully use the system Geogebra in 
mathematics teaching, to create not only guides 
explaining the environment and the commands of 
the program but also to provide teachers 
proposals and examples of its use in teaching of 
concrete topics. Then it depends on the skills and 
mastery of teacher as he can use offered digital 
tools to create a stimulating learning 
environment in which students can actively 
acquire and develop knowledge and skills and 
also discover new knowledge. 
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Abstract. The computers and the Internet have 
become powerful tools for teaching and learning 
physics at all levels of science education. This 
paper presents the preparation and the 
implementation of video recordings of school 
physical experiments which are available via 
internet, especially for the teachers of basic and 
secondary schools. This paper includes examples 
of videos for teaching physics and analysis of 
physical phenomena using free video analysis 
and modelling tool Tracker. The second section 
describes experiments with video clips. Finished 
projects and demos can be found on the website 
http://pokusy.upol.cz. 
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1. Introduction 
Information and Communication Technologies 
(ICT) provide a wide range of possibilities in 
teaching physics. A possible way of motivating 
students in teaching and learning physics is to 
use ICT in physics and science lessons. It is 
necessary to combine traditional and simple 
experiments with multimedia. 
We live in a time of development of information 
technologies, which will certainly be reflected in 
the educational process. The school environment 
must be changed – the leading role of the teacher 
in physics education must be changed to the role 
of a discussion manager and an organiser of 
student´s activities. The school education has to 
come closer to student´s practical life and this 
can be done only by improving the ways of 
student´s own activities. Only then the student 
will be prepared for life in the changing society. 
From this point of view, the experiment has a 
basic didactic and methodological function and 
students have to recognize the importance of 
experiments in science [2]. 
Nowadays, several types of experiments are used 
in physics teaching and learning: classical 
experiments, hands on simple experiments, 
virtual and remote control experiments (enables 
users control of real experiment from a remote 
location using internet and an ordinary web 
browser [1]) or video recording of an 
experiment. 
The following text will discuss video recording 
of an experiment that was created at the 
Department of Experimental Physics in 
Olomouc, Czech Republic. All materials 
contained in the article are available on-line to 
teachers, students and the public on the website 
www.pokusy.upol.cz [3] (see Figure 1) for free. 

2. Video recording of an experiment 

Real, classic, face to face experiments are a key 
factor of experimentation in primary and 
secondary schools. Working in the traditional 
school laboratories provides a direct contact with 
real measure equipment and offers an immediate 
feedback of the teacher or the classmates. 
Students gain practical skills during the 
preparation and measurement of individual 
experiments in these laboratories. However, 
there are situations when it is appropriate to 
replace or supplement the classic experiment to 
experiment with video recording. Without a 
doubt, it is necessary to replace a real experiment 
in these cases: dangerous experiments, long-term 

experiments, very fast experiments, microscopic 
and macroscopic experiments and financially 
demanding experiments [6]. 
 

 
Figure 1. Website www.pokusy.upol.cz 

The web page www.pokusy.upol.cz is divided 
into two parts. The first section is based on the 
master thesis of Zdeněk Pucholt [4] and contains 
10 physical experiments with video analysis. 
Nowadays, there are many video analysis 
software packages, such as AviStep, Logger Pro, 
Physics ToolKit, Tracker and VianaNET. At our 
department we decided to use the program 
Tracker for video analysis. 
The second section includes school physical 
experiments suitable for teaching at the 
secondary school. There are about 50 
experiments on the website and approximately 
30 of them contain a short video clip with 
experiment. 

3. Software Tracker 

Program Tracker is a free video analysis and 
modelling tool built on the Open Source 
Physics (OSP) Java framework. It is designed to 
be used in physics education [5]. Installers for 
Tracker version 4.80 (available for Windows, 
Linux and Mac OS X operating system) are free 
downloadable from website 
http://www.cabrillo.edu/~dbrown/tracker/. To 
start the program, it is necessary to have JAVA 
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Abstract. Palestine is a 3rd world country 
where education will help develop self-
sustainability. Embedding technology into school 
education is encouraged. The aim of this 
workshop is to show how the Raspberry Pi can 
be used to introduce or enhance technology in 
education.The workshop will include; 1) a 
presentation on the difficulties of the provision of 
technologies in educational systems 2) hands on 
demonstration on how the Raspberry Pi can be 
used with different sensors 3) an introduction on 
the simple coding needed to run the devises that 
was developed to the purpose of using the 
Raspberry Pi in hands on experiments.  

Keywords. e-learning, Hands-on science using 
Raspberry Pi, ICT and the Raspberry PI, 
Raspberry Pi 

1. Introduction  

Education is being challenged by the rapid 
development in technology. Schools cannot cope 
with this rapid change. Upgrading infrastructure 
and developing new professional development 
programmes are not easy low cost steps. Taking 
fast decisions without referring to research is 
another problem. Research usually takes several 
years and lags behind the fast pace of technology 
[7]. Therefore questions stand out about which 
technologies should educators be informed of. 
As though a technology might not be directly 
manufactured for education, but can be used for 
the purpose. Mobile technology is a clear 
example of technology used widely in education 
but were not synthesised for the purpose. They 
represent instant mobile accessibility to 
information as a very important commodity for 
education.  
As ICT in education is growing fast, developing 
countries have no chance of keeping up. The 
problem of computer, technology hardware and 
software availability is a problem. Effective 
technologies are needed to enhance student 
understanding and learning specifically of 
scientific material. Science and technology 
education have a long standing history 
highlighted by the Science, Technology and 
Society; STS movement in the 1970s. Science 
educators suggested that science curricula should 
be organized around societal and technological 
issues [8]. There is also a need to build up 
students experience in modern technologies and 
in computer science hardware, software and 
applications. It is necessary to give ICT in 
education in developing countries a boost 
forwards to run in line with the world’s 
progressive direction.  
Some of the current uses for technology in 
education include computers, online tutoring and 
e-books. New forms of learning are emerging 
based on computer and mobile technology. Gps 
and simulations are also used. Developing 
countries do not have wide access to such 
technology, because of cost or lack of necessary 
infrastructure. Raspberry Pi might stand a chance 
in solving these problems. 

2. E-Learning  

Teaching tools have reshaped education by 
providing information, resources, 
communication and collaboration at individual 
and institutional levels [8]. E-Learning is 
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considered an important facility for long distance 
and open education. In developing countries such 
as Palestine an initiative is being made to 
introduce e-learning into the educational system, 
since the educational system is facing a steady 
increase in the number of students per teacher, 
reaching a value of 23.8 student / teacher in 
2011[14]. There ar’not enough resources 
including financial, materials and infrastructure 
[1]. As ICT is having a large impact on the 
educational system worldwide it still did not 
reach developing countries, the countries that 
need it the most since they have a growing 
demand for education but a lack of educators, 
computers and skills [2]. In order for e-learning 
to be efficient the provided material needs to be 
introduced in a classroom and still remain 
challenging. It should include multimedia 
resources that enhance better understanding of 
abstract texts. It should be always kept up-to-
date, and under review by officials[3].  
Within a positive view of technology use in 
education, it should be considered that education 
has its demands. Technology should be 
developmentally appropriate for students. The 
accessories and additional tools should facilitate 
teachers’ full implementation. And they as 
technologies should be integrated in the 
curriculum [10]. Purchasing hardware is a far 
more important decision than purchasing 
software with a higher risk value related to 
efficiency verses cost. 
Even though e-learning is not always online, it is 
still considered a challenge for Palestinians 
because only 50.9% of the entire population 
households have a computer, and 30.4% of the 
households have an internet connection [4].  
Acquisition of technology is costly. At 
institutional level, Wierschem and Ginther [9] 
asserted some issues related to acquisition and 
replacement of technology hardware. Most 
important of which is the high cost of hardware 
that obliges educational institutes to purchase 
small numbers of devices each time. This results 
in different technology being acquired each time. 
This introduces technical issues of complexity 
and potential incompatibility between the old and 
new devices. Another major burden is 
maintenance cost. Technology requires 
infrequent physical maintenance, a high level of 
user support as users in the field of education 
often need assistance in dealing with software, 
data, programmes security and installations. 
Continuous expansion of applications requires 
upgrading or substitution of hardware. An 

additional cost to the use of technology. Steps 
towards continuous upgrading of hardware are 
not easy neither in terms of finance nor 
implementation. Educational systems are always 
left with equipment that lost its brightness a long 
time ago.  

3. Raspberry Pi and Programming 

Raspberry Pi is a low cost mini-PC is seen as a 
potential re-ignite of interest in basic computer 
science education among school student. It can 
be plugged into a television and a USB Keyboard 
to serve as a fully functional PC that can be 
carried around by students. It is a more basic PC 
that lays emphasis on coding and programming 
skills [13]. 
So, by using the Raspberry Pi we are increasing 
the percentage of people having personal 
computers(50.9%) to about 96.7% [14] as this is 
the percentage of TV acquisition in Palestine in 
20011[14].  
 ICT education is focused mainly on using 
technology but not a lot about understanding 
how computers work. The Raspberry Pi was 
created to teach computer science as a discipline 
not as an application. It aims at presenting 
computer science a general-purpose tool for 
people to explore and at a low cost [11]. The 
Raspberry Pi does that by providing a basic 
computer with the ability to teach programming, 
electronics, and the open-source Linux operating 
system[5]. The Pi is also not expensive and is 
affordable for developing countries such as 
Palestine.  
Pi uses Python as the programming language to 
interface with its GPIO (global pin input output), 
that are used to interface to any electronic 
device. Programming alone is a very effective 
method to teach basic mathematics and the 
GPIOs alone are very effective to teach 
electronics. But combining the two the 
Raspberry Pi is able to teach mathematics 
alongside physics, chemistry, and biology. 
Python is suitable for introducing a virgin mind 
to the art of programming. Future programmers 
are people who chose to use computer. This 
concept means that at one point people would be 
forced to use computer without basic knowledge 
of it. Therefore it is recommended to be taught at 
about secondary level. There are advantages for 
teaching Python to all. It will give back to the 
ordinary people the power to solve simple 
problems [12]. It is a high level programming 
language that has an easy syntax and can be 
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learned in a few days. It has a very large library 
made by the Python community that allow it to 
integrate tools from other languages,to carry out 
any task, and communicate directly with 
hardware components[6]. Since Python is a 
simple language to learn and very flexible 
comparable to other high level languages, school 
children and teachers can learn it.  
The advantage of Raspberry Pi’s ability to 
interface with the world using the GPIO 
connections which opens a wide range of 
possibilities. Some of the electronic devices that 
can be considered in science classroom education 
include pressure sensors, temperature sensors, 
and tilt sensors just to count examples. The 
workshop will include the use of some of these 
sensors in hands on activities that might reflect 
the possibilities of using Raspberry Pi in science 
education. The concept lies in providing 
substitute for high cost technologies used in the 
labs. 

4. Introduction to hands-on science 
experiments 

 “Hands-on approach requires students to 
become active participants instead of passive 
learners who listen to lectures or watch 
films”p.9.[16]. Newton [17] reviewed literature 
related to the benefits of data logging (collecting 
and presenting data using computerized systems) 
and mentioned that data logging in the classroom 
was found to contribute to the students’ 
understanding and skills of scientific inquiry. 
Computer draw graphs had a positive impact on 
the students conception of graphing. Using the 
tools of scientists is expected to be a much more 
rewarding and motivating experience. For the 
children of this century, using such equipment 
could be like talking the common language of the 
time. The students would be using the “tools of 
the time”. The prevailing practice built upon 
manual collection of experimented data may be 
confusing, redundant and unappealing to the 
students, particularly that they are immersed in 
widespread usage of modern technologies in 
their everyday lives [15].  
Data logging requires 1) A computer (Raspberry 
Pi). 2) Some sensors (Temperature and 
pressure...etc) that can be connected to the 
Raspberry PI. 3) An interface (GPIO, ADC and 
I2C) to connect the sensors to the computer. 4) 
Some software to store and display the 
information on the computer (Python language 
programming). 

Research [16]proved a general increase in both 
student and teachers motivation. The method 
developed the students scientific method. 

4.1. Experiment on pressure and 
temperature  

In this experiment the Raspberry Pi will be used 
to detect pressure and output the value to a 
screen. The experiment needs a flask, three-way 
tube, syringe, pressure sensor, ADC (analog to 
digital converter), and the Raspberry Pi.  
The flask contains air. The flask neck is closed 
using a rubber stopper to prevent the air from 
escaping when pressure increases. The three-way 
tube is connected to the flask as shown in Fig. 1, 
The syringe is then connected to the second end 
of the tube and the pressure sensor to the third 
free end. The pressure sensor is connected to an 
analog to digital converter (ADC), which is used 
to convert the analog signals from the sensor to 
digital values, connected to the I2C pin in the 
GPIO of the Raspberry Pi. The pressure sensor 
will start giving readings for the air pressure in 
the flask. Before starting the experiment 
disconnect the syringe and read the pressure 
sensor values. The primary value from the 
pressure sensor is the normal pressure, reconnect 
the syringe and observer how the pressure is 
changed as the syringe is pushed down, starting 
from a syringe full of air until it is empty. 

 
Figure 1. Pressure detection system 

To view the effects of heat on pressure, return 
the system to its original state were the syringe 
needs to be filled with air. Insert the flask in a 
water pool containing a thermometer, a 
temperature sensor can be used instead but for 
now keep the circuitry simple, heat the water 
pool and observe how the pressure increases as 
temperature increases. 
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4.2. Hands on experiment for determining 
the terminal velocity on an inclined 
surface 
The goal of this experiment is to teach students 
about terminal velocity on an incline surface and 
all the forces that effect the terminal velocity, see 
Fig.2. To carry out the experiment the incline is 
set to a previously known degree, and a simple 
circuit is connected to the Raspberry Pi in order 
to start a clock timer as shown in Fig.3. 

  
Figure 2. Incline and Velocity 

 

 

Figure 3. Raspberry pi circuit connection 

To measure terminal velocity of the lorry, the 
student uses the Pi with a simple program, and 
find’s the terminal velocity. The student uses 
Newton’s equation to find the parallel and 
perpendicular forces, then finds the norm force 
which is used to find acceleration then terminal 
velocity. The student compares his result with 
the Pi’s result, which should be almost the same. 
The experiment teaches the student forces 
(gravitational and friction), acceleration and 
terminal velocity. 

5. Conclusion 

My introduction of Raspberry Pi is not motivated 
by promotion of a product. Raspberry Pi is a 
means, not an end, to address an existing lack of 
IT practical solutions in education. Palestine is 
considered a 3rd world country, and education is 
the most important factor in helping any growing 
country into becoming self-sustained. Though 
only 3.56% [14] is the weight given to education 
from the Palestinian national budget, and citizens 
are able to pay only 4.8% [14] of their income to 
education. Currently in the world technology is 
what distinguishes countries, and embedding it 
into schools education has been encouraged for 
years now. New trends in education aim at 
students learning in the most creative ways and 
at opening new horizons for them for future 
opportunities. But Information Technology 
Education is very expensive, and 3rd world 
countries cannot afford teaching children IT at a 
large scale. Large financing for equipment, 
necessary training and development is dependent 
on grants and projects. We need to level up with 
cost to have sustainability of learning 
opportunities. During the technology race the 
United Kingdom created a computer specially for 
education, to motivate students back into 
technology, the Raspberry Pi. It is a low expense 
computer and controller at the same time, which 
is very effective since each of them can be 
bought separately. The Pi runs Linux operating 
system and uses Python programming language 
to make it a controller, both of which are easy to 
learn and are very user friendly. The Pi has pin 
connections which are used as input/output pins 
to interface with any sensor, actuator, and 
communication device. Python programming 
language is used to control the pin connections 
for reading values from sensors or controlling 
actuators such as DC motors. Some sensors that 
can be connected to the Pi include pressure, 
temperature, distance, speed, tilt, and many 
more. And they can all be used to enhance 
student experience in principles of physics, math, 
and chemistry using technology. They offer 
hands on use of technology in experimenting 
within and outside lab spaces. This offers a 
chance for students to interact with experiments 
and technology and environment in one batch. 
Children can also learn how to program the 
devices thus opening a wide channel between 
sciences and technology 
In conclusion, introducing the Raspberry Pi 
implies an education of science and technology. 
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Its low cost (about 35 USD) makes it competitive 
not only to computers but also to other learning 
technologies used in science education. There are 
vast possibilities of development including 
increase in memory and in processing 
capabilities. Development is based on the initial 
vision of the device to be cheap and available for 
education [11]. 
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Abstract. A systematic approach to the study of 
physics suggests not only formation basic 
knowledge, but also the formation of the modern 
scientific world view and way of thinking. We 
would like to present a set for the study of 
physics in school (Physics 7-9), which consists of 
the following components: 
• Textbook 
• Electronic Application for Students 
• Lessons Constructor for Teachers 
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• Laboratory notebook 
• Exercise notebook 
• Taskbook 
• Exam book 
• Internet support site 
The report aims is to show how we have 
incorporated elements of the knowledge of 
modern science in the study of the various 
branches of physics. As an example, we present 
an introductory section to the physics course 
"The world around us" and the final section of 
the course "The Evolution of the Universe" in the 
textbook and in the electronic application. 
We will show examples of the different headings 
of the Textbook (Physics kaleidoscope, My 
physical research, Persons in Physics) and 
examples of the various types of work in the 
Exercise notebook (Working with text, Watching 
and thinking, Calculating and comparing, 
Applying knowledge). 
Physical practical to our course of physics along 
with a set of about 30 standard labs contains 
about 50 lab works of authorship, including 
hands-on experiments and laboratory work 
forming knowledge of the contemporary world 
view. Different samples of research and hands-
on labs we will present. 
We have created a site to support our course, 
which contains materials for students and 
teachers of modern physics, biology, ecology, 
and nanotechnology (www.oscteam.com). 
Also, we present an electronic resource Lessons 
Constructor for Teachers, which allows teachers 
to create a lesson presentation and include in it 
media resources about modern science from our 
database of media resources and interactive 
models. 
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Abstract. The development of web-based 
products took the form of a multi-stage process 
to date. It includes:  
- a clear definition of the objectives and tasks of 
a project; 
- designing an application architecture; 
- development of a product style; 
- layout; 
- programming and quality control; 
- start-up and support, as well as SEO-
optimization. 
Like any other product, a web application is 
created by a team of developers, in which 
everyone is an expert in a particular field or 
several fields. Sharing of responsibilities is very 
effective, but the greatest effect is achieved when 
each member of the team has the knowledge 
related to his/her colleagues’ areas that. This 
would facilitate troubleshooting and improve the 
quality of a final solution due to possible mutual-
approval and evaluation.  
All these factors are carefully considered when 
planning a web-development course at the 
Ternopil National Technical University 
(Ukraine). Students learn how to define the 
objectives and formulate tasks while studying 
different programming tools and languages (C#, 
PHP, Java). Databases are a foundation of the 
architecture of any application. That is why the 
curriculum includes an extensive course of 
relational databases with a special focus on the 
SQL language and DBMS MySQL. Web-style is 
considered in the course titled “Computer 
processing of text, graphic and multimedia data” 
through using Adobe Photoshop, Adobe 
Fireworks and similar software. Layout involves 
the transformation of graphic layouts created by 
a designer in html-code. A proper choice of 
programming platforms, technologies and 
languages is a critical issue. Development of 
web-application software, similar to any kind of 
software, results in various versions of the same 
products because of permanently changing 
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initial data. Version Control Systems (VCS) 
ensure tracking the changes made in a project. 
The two courses, “Programming technologies 
and program products development” and “WEB-
programming”, deal with the above mentioned 
matters. After a web-product is tested and 
uploaded, its support and Search Engine 
Optimization become a priority task to ensure a 
reliable operation and high usage.  
Thus, the web-development curriculum equips 
our students with a toolkit which they need to 
develop efficient web-related solutions. 
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Abstract. Project “Online Science classroom” 
is a sample of digital technologies in science 
education and popularization of science in 
society. During the workshop we are planning to 
present: 
1. Elements of modern science electronic 
applications to school physics textbooks 
(Electronic Application for Students and Lessons 
Constructor for Teachers) 
2. Multimedia interactive models and scientific 
games based on authors original development – 
“Network environment for collective modeling” 
• DNA constructor 
• My First Collider 
• First Nanotechnologist 
• Memo + Knowledge 
3. Samples of research labs in collective 
modeling environment (Physics, Biology)  
4. Interactive model of electron microscope in 
the augmented reality environment 
5. Multimedia interactive expositions for science 
education (Microcosm, Macrocosm, the Cosmic 
Calendar by Carl Sagan, Morphology of Plants) 
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1269-001 Lisboa, Portugal 

IMAR - Institute of Marine Research, CIC, University 
of Coimbra, 3000 Coimbra, Portugal 

 
Abstract. For this case study video was used in 
the context of a course of Biological 
Classification and Evolution. This is a course 
that integrates within a 3-year Environmental 
Sciences degree (Bachelor). This degree is given 
by the Universidade Aberta (Open University of 
Portugal) in e-learning. The objectives of this 
course are essentially to study the biological 
classification as well as their evolution in 
temporal scale. Videos were used to explain 
evolution, illustrate the scheme of animals and 
their behaviour To achieve this objective several 
links were used to free videos on the internet. 
Descriptions of certain behaviour are much 
easier to understand when viewing animals 
doing it compare with a text description. 
The visualization of videos by students is advice 
but not compulsory. Some of the student used it 
others no. From written evaluations was detected 
that the students that watch the videos have 
better results in identification of animals, 
principally if the photo is taken while an animal 
is moving. A small survey is done to evaluated 
how the students considering videos important to 
their learning. 
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