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Foreword 
 

 
 

Innovative Education in Science and Technology 
 
 
 

Along the past 16 years the Hands-on Science Network community worked 
hard with great pleasure and strong commitment trying to contribute actively 
to the improvement of science education exploring new ways and revisiting 
adjusting and improving well established ones. A large number of very 
interesting and meaningful contributions were brought and presented to our 
annual conferences and tested in a large number of activities organized all 
over the world at all school and education levels in formal, non-formal and 
informal contexts. In the committed open and inclusive way that characterizes 
HSCI we definitely enjoyed exploring our ways of improving science education 
and scientific literacy in our schools and communities, sharing our experiences 
and knowing and exploring each other’ approaches and contributions… 
innovating in Science and Science and Technology Education. 

 

 

The book herein aims to contribute to further the improvement of Science 
Education in our schools and to an effective implementation of a sound 
widespread scientific literacy at all levels of society. Its chapters reunite a 
variety of diverse works presented in this line of thought at the 16th 
International Conference on Hands-on Science held in Kharkiv, Ukraine, 
September 2 to 6, 2019.  

 

 

Vila Verde, Portugal, July 30, 2019. 
 
 
 
 

Manuel Filipe Pereira da Cunha Martins Costa 
Editor in chief 
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Combination of Inclusive and 
STEM Education 

TS Tykhomyrova, OV Shestopalov, 
OM Filenko 

National Technical University, «Kharkiv 
Polytechnic Institute», Kharkiv, Ukraine 

tatikh@i.ua 

Abstract. In this paper the results of a two-
year experiment of involvement children with 
special needs, who are studying in special 
schools to STEM-based events at higher 
education institution are presented. The key 
factors contributing to the successful 
combination of inclusive and STEM education 
are analyzed. The results of sociological 
surveys concerning the formation of tolerant for 
children with special needs society are given. 
The examples of classes for both special and 
common children of different ages are 
described. 

Keywords. STEM-Education, Inclusive Edu-
cation Special Children, Common Children. 

1. Introduction 

Ukraine, as many other countries, faced with 
problem of declining the popularity of technical 
disciplines and reducing the level of student’s 
and teacher’s interest to study the cycle of 
mathematical and physical school courses [1-
2]. STEM education is the key for solving this 
problem. Prolonged unstable economic 
situation in Ukraine influence the possibility of 
different educational institutions to provide 
STEM education. So, institutes and universities 
became STEM education base for schools, 
schoolchildren and teachers. 

2. Participants of inclusive and STEM 
education 

All children with special needs in terms of 
their ability to be involved in projects within the 
framework of STEM education in their physical 
and mental condition can be conventionally 
divided into the following groups: 

1. children with visual impairments. Today 
there is no mechanism for their 
involvement in STEM education, since 
visualization of fundamental principles 
and laws is the main way of motivating 

and increasing interest for students to 
study technical disciplines; 

2. children with hearing impairments. If 
such children can read on lips, then 
their integration into the STEM space is 
no different from that of ordinary 
children. If children can only work with 
an interpreter, then provided that such a 
specialist is at the place of primary 
education in a specialized boarding 
school, these children also join STEM 
education without special problems; 

3. children with severe mental disorders, 
including autistic children and children 
who are not socialized in society. Often, 
such children are not involved in 
education at all and cannot be involved 
in STEM education; 

4. children with severe physical defects, 
especially problems with the mobile 
device, but their intellectual 
development corresponds to the level of 
ordinary peers and even exceeds them. 
This group of children can be involved 
in STEM education provided that they 
create conditions for their movement in 
higher education or if they establish a 
communication channel via the Internet 
in real time. 

5. children who study in specialized 
boarding schools and have deviations in 
psychophysical, psycho-emotional 
development of moderate severity, 
these children are socialized, studying 
on special programs, including children 
with autistic disorders of moderate 
severity. Such children can potentially 
become key participants in the STEM 
education program under certain 
conditions. 

3. Project idea 

The idea of STEMCampSchool, established 
in 2018 at National Technical University 
"Kharkiv Polytechnic Institute" was to support 
children in their scientific projects using 
different types resources of university. 100 
children from schools of Kharkiv region were 
invited, among them 15 children with special 
needs, who are studying in specialized 
boarding school (Figure 1). In this summer 
camp, work was carried out on the following 
areas: energy and electronics, ecology, 
physics, chemistry, engineering design and 
mathematical modeling. 10 children with 
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Abstract. Going beyond existing participation 
processes in urban development, the newly 
developed procedure ensures proper citizen 
involvement from the very start of a project up 
to design selection, plus a lean and feasible 
conduct of the overall campaign. The 
framework involves all necessary stakeholder 
groups, who are addressed by specific tools 
and algorithms. The EU funded H2020 project 
“U_CODE Urban Collective Design 
Environment” (2015-2019) aims to create a co-
design platform for urban design that allows 
participation for a large number of 
(simultaneous) participants by way of 
crowdsourcing design gaming. It develops a 
comprehensive participation process which 
involves all necessary stakeholders with novel 
IT collaboration and communication tools. 
Within this framework, each process step is 
supported by at least one specific tool that 
ensures low-friction communication between 
the stakeholder, and maintains an overall lean 
and feasible procedure. The complete process 
can be adapted to the needs of the project by 
adding loops when needed or skipping some 
steps (with the effect of a reduced quality). This 
paper reports on the Life Testing of process 
and tools for Christian Youth Village Germany - 
CJD Learning Campus, Sangerhausen Case 
Study. 

Keywords. Campus Design, Co-Design, ICT, 
Co- Design Tools, Participation, Smart City, 
Urban Development, User Engagement. 

1. Introduction 

Last year’s shown an increasing interest in 
participatory approaches in urban design and 
urban development. Citizens demand direct 
involvement in urban development projects 
beyond the level of mere information. They ask 
for active roles in the overall process as co-

creators and decision makers. Public voice is a 
new force in urban design. Over the past 
decades, the methodology of urban design and 
development in democratic countries 
transformed into complex procedures of public 
participation and user involvement.  

Now it is not only expert’s groups and 
professional stakeholders like urban designers, 
developers, or public authorities that interact in 
order to scheme new buildings, urban quarters, 
or infrastructure projects. Thus, it has become 
difficult for municipalities and governments to 
carry out large scale development projects 
without appropriate involvement of civic 
stakeholders. Subsequently, research on, and 
application of participatory methods and tools is 
increasing, and there is a growing body of 
knowledge on the issues of participation, co-
creation, and co-design. 

2. Background & Current Challenges 

Design collaboration and participation: 
Various cases of public disagreement in 
different European countries have shown that 
perusing a thorough design and planning 
process is by no means a guarantee for a 
broad public acceptance of an envisioned 
urban project. The measures already in place 
to inform the public and negotiate potential 
disagreement are based on classical media. 
This procedure disconnects more and more 
from the perception of today’s citizens. Public 
planning administration and the public itself 
need effective platforms to share and further 
evolve projects of common interest in order to 
perceive each other as partners in a 
collaborative process.  

The co-design environment that we present 
with U_CODE project is going to be the 
conceptual, organizational and technical 
platform for this demand. Whereas many tools 
for e-participation have been developed and 
tested already, there are no digital instruments 
yet which enable the creative participation of 
the citizenship on a massive scale. The very 
challenge for future co-design environments is 
to enable communication and collaboration 
between large numbers of staekholders as 
citizen and professional experts. There is a 
need for collaborative tools and environments 
that allow co-creation to follow public opinions 
and sentiments, and to gain design intelligence 
from them. 
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Abstract. I introduce some hand-made simple 
and essential experiments of sound wave and 
discuss the roles they play in classes. I have 
shown the characteristics of simple and 
essential hand-made experiments in the past 
HSci conferences. One was taking students out 
of the world of the textbook to the world they 
live, the other was helping students understand 
Physics concepts. In the field of sound wave, it 
is important to show or let students do 
experiments because sound wave is invisible. 
Various instruments have been used in the 
classes of sound to visualize sound or 
vibration, thread telephone and Kundt’s 
experiment for example. I show Improved or 
developed instruments of them we invented to 
help students’ understanding and raise their 
curiosity. I also show some simple musical 
instruments which explain the fundamental 
principles of sound clear. Series of produced 
musical instruments impress students that the 
principles are simple and useful. The musical 
instruments I introduce here can be used in 
Hands-on activities because they are made 
easily using materials in daily life. 

Keywords. Simple and Essential Experi-
ments, Hand-made Experiments, Sound Wave. 

1. Introduction 

In the past HSci Conferences I showed 
some simple and essential hand-made 
experiments in Mechanics, Electromagnetics 
and Wave. We (Stray Cats group) invented [1-
3] and discussed their roles they play in 
enjoyable and fruitful Physics classes [4-6]. 
Following to these presentations I demonstrate 
here some experiments in the field of sound 
wave and discuss roles they play in classes 
and students’ activities. The characteristic of 
the field of sound wave is that sound wave is 
invisible. So, first thing that should be done is to 
give image of the sound wave to students by 
experiments that visualize sound wave. Some 
hands-on activities help students understand 

that sound is a transmission of vibrations. 
Some contrived hand-made experiments are 
needed to impress that sound is a kind of wave 
that has the common properties wave has; 
interference, independence, standing wave etc. 
Students’ understanding of concepts becomes 
deeper and deeper by repeating processes 
between hypothesis and test using simple and 
essential experiments as I told in HSci2017 [5].  

I introduce experiments of sound by 
classifying them into two categories. One is the 
fundamental experiments that visualize the 
phenomena of sound and clarify the 
mechanism of the phenomena. The other is the 
experiments of musical instruments that make 
students find Physics in them. 

2. Fundamental experiments 

Variety of experiments have been invented 
and used in Physics classes to visualize sound 
wave and clarify the phenomena concerning 
about sound wave. I introduce some 
experiments below which are invented by 
improving original ones. The difference 
between original one and our equipment are 
that the latter are made of the materials around 
us. That makes students feel what written in the 
textbook really happen in nature. 

2.1. String telephone, “Echo microphone” 
and their evolution 

String phone is popular equipment that is 
suitable for introduction for learning of sound. It 
consists of two cups and string. Bottoms of 
cups are connected by the string. Two people 
hold cups respectively and pull the string 
tightly. If one of them speak to the cup, the 
other can hear the voice from the cup. Students 
understand sound is a transmission of vibration 
through the medium because students can 
experience vibration of sound by touching the 
string. 

On the other hand, “Echo microphone” is a 
toy for children. When we speak or sing a song 
with it, we can make sound with reverberation. 
Though we cannot see inside the toy, it is easy 
to guess that a spring is inside because of the 
sound when we hit it. We can make it easily 
using plastic bottles, cups and spring. It makes 
reverberation if we speak to one of cups 
because sound wave is reflected at the cups 
several times and superposed. 
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If the velocity of the sound (V) is constant, 
pitch is decided by the wavelength (). I can 
introduce musical instruments using straws for 
the example. The end of the straw cut in a 
mountain shape makes vibrations and the 
vibration resonates to the air column is 
enhanced and make a sound. Long straw 
makes a low pitch sound and short straw 
makes a high pitch sound. 

If the wavelength () of the sound is 
constant, pitch is decided by the velocity of the 
sound (V). I can introduce musical instruments 
using plastic bottle for the example. Sound is 
created by hitting the plastic bottle. If the 
pressure in the plastic bottle increases, the 
sound becomes high pitch. Because the shape 
of the standing wave created on the plastic 
bottle does not change due to the pressure 
inside, the wavelength of the fundamental 
mode is constant. It is considered that the pitch 
is changed because the pressure in the bottle 
changes the velocity of the sound transmits on 
the plastic bottle. 

4. Conclusions 

As I told through the examples in 2 and 3 
above, simple and essential hand-made 
experiments not only fascinate students but 
also play important roles in classes of sound. 
They make the phenomena of sound visible 
and help students’ understanding of sound. 
Concepts become deeper and deeper by 
repeating processes between hypothesis and 
test using simple and essential experiments.  

I hope hand-made experiments are used in 
Physics classes more than ever and make 
classes more enjoyable. 
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Abstract. The article deals with the 
importance of nanotechnology in the modern 
world for technical specialties and the 
importance of the introduction of 
nanotechnology in the educational process of 
secondary and higher schools. The introduction 
of new interdisciplinary courses related to the 
development of nanotechnology in the 
educational process of secondary and higher 
educational institutions is considered. At the 
moment, courses and programs in 
nanotechnology are practically absent in the 
educational process, while this direction is very 
promising and important. Special attention is 
paid to the experimental base and computer 
modeling of processes during training. 
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1. Introduction 

One of the most relevant areas in science 
and technology is currently nanotechnology. In 
the near future, nanotechnology can make a 
revolution in society, exceeding the scale of the 
consequences of the widespread use of 
computers. The prefix “nano-”, in recent 
decades, has quickly entered people's minds. It 
encourages to speculate about the big changes 
in technology and science. Now we are already 
seeing the onset of nanorevolution: new 
computer chips, new materials, and the use of 
nanoparticles in medical diagnosis. 

In the future, our life will be difficult to 
imagine without nanotechnology, as it is now 
without computers and phones. There will be 
new professions related to nanotechnology and 
will need specialists who will have knowledge in 
this area. Therefore, it is very important to 
introduce a course on nanotechnology in the 
educational process in universities for technical 

specialties and not only if the country wants to 
move to a new level of technological 
development. 

2. The importance of studying nanotech-
nology and introduction to the educa-
tional process of the University 

Relatively recently, nanotechnology has 
entered the modern world. The beginning of the 
XXI century was marked by the revolutionary 
beginning of development of nanotechnologies 
and nanomaterials. Today, they are in great 
demand in all developed countries and in the 
first place it concerns the most important 
human activities (industry, defense, 
information, electronics, energy, transport, 
biotechnology and medicine). Analyzing the 
growth of investments, the number of 
publications on this subject, as well as the pace 
of implementation of fundamental and 
exploratory developments, it becomes clear 
that in the next 20 years the use of 
nanotechnology and nanomaterials will play a 
key role among the scientific, economic and 
defense development of States. 

The use of nanotechnology keeps a huge 
number of advantages: it nanorobots "living" in 
the body, killing cancer cells and restoring 
damaged tissues and organs, as well as 
automotive engines that do not pollute the 
environment. 

This means that in the near future such 
professions as nanorobot programmer or 
molecular computer designer may become in 
demand. And people who are just thinking 
about their future profession may need to think 
about the prospects of this sphere. 

The above-mentioned prospects for the 
development of nanomaterials and 
nanotechnology require the training of 
specialists in this field through the rapid 
opening of new specialties and specializations, 
retraining programs, the introduction into 
educational programs of disciplines necessary 
for the training of specialists capable of 
effectively and at the present level to solve 
fundamental and applied problems in the field 
of nanomaterials and nanotechnology [4]. 

Unfortunately, the modern system is aimed 
at the formation of highly specialized "cogs" of 
the outdated mechanism, and not 
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independently thinking harmoniously developed 
people. Often you can find a person who is well 
versed, for example, in computer technology 
and programming, but it is not familiar with the 
achievements of modern chemistry, biology, or 
vice versa. 

By the way, if we talk about the connection 
of nanotechnology with the fundamental 
Sciences, we can say that almost any subject 
that is studied in school, one way or another 
will be associated with the technologies of the 
future. The connection of "nano" with physics, 
chemistry and biology is unambiguously 
predicted. Obviously, these Sciences will 
receive the greatest impetus for development in 
connection with the nanotechnology revolution, 
which is already steadily moving forward [1-2]. 

The introduction of new interdisciplinary 
courses related to the development of 
nanotechnology in the educational process of 
secondary and higher education institutions will 
contribute very well to meet the public demand 
in qualified specialists in the field of 
nanotechnology. 

3. Terms 

The term "nanotechnology" is rightly 
considered one of the key concepts of the early 
XXI century, a symbol of the transition to the 
sixth technological mode, which has recently 
been constantly introduced into the economies 
of developed countries. 

The term "nanotechnology" was introduced 
into scientific use in 1974 by the Japanese 
physicist Norio Taniguchi, who proposed it to 
refer to mechanisms smaller than one micron. 
Nanotechnology — methods of production and 
use of artificially created objects of nanometer 
size. Substances created on the basis of 
nanotechnology are called nanomaterials. With 
the naked eye, a person is able to see an 
object of about 10 thousand nm. The pace of 
scientific and technological progress has 
become dependent on the use of 
nanotechnology in recent years. 

Features of nanomaterials differ significantly 
from our usual materials. The transition to the 
nano-area dramatically changes the 
characteristics and properties of materials, and 
allows you to achieve properties that can not be 
achieved in conventional materials. For 

example, splitting a solid material into 
nanoparticles increases the total surface area 
by millions of times. Nanomaterials melt, flash 
and absorb much more easily than their solid 
massive counterparts. 

The prefix "nano" in the term 
nanotechnology comes from the word 
nanometer, that is, the billionth of a meter or 
10  m (the thickness of a human hair on 
average 50 000 nm). Nanotechnology operates 
on the order of a nanometer, it is a negligible 
value, hundreds of times less than the 
wavelength of visible light and comparable to 
the size of molecules. Nanotechnology 
boundaries start at the size of atoms and 
molecules and end at 100 nm. Within these 
limits, the manipulation of individual atoms and 
molecules begins. Therefore, the transition 
from "micro" to "nano" is no longer a 
quantitative, but a qualitative transition, since at 
such scales nanomaterials do not obey the 
laws of Newton's mechanics, the laws of 
quantum mechanics dominate there. 

4. Experimental and theoretical basis 

The most important condition for the rapid 
and successful development of nanotechnology 
is the development of training courses and 
programs to work in this field of science and 
technology. The task is to create conditions for 
the sustainable functioning and development of 
the system of training, retraining and 
consolidation of personnel and ensure the 
effectiveness of research and development in 
the field of nanoindustry. 

One of the main problems in the study of 
nanotechnology in Ukraine is the 
underdeveloped infrastructure for the practical 
study of nanotechnology. In particular, the lack 
of special equipment, limited use of existing 
equipment and the lack of cooperation of 
departments of universities and enterprises for 
the effective use of unique equipment. Modern 
training equipment on nanotechnology is 
relatively expensive and knowledge-intensive. It 
is possible to use the available equipment at 
the departments of universities to begin the 
study of nanotechnology.  

In recent decades, information technology 
has been widely used to teach nanotechnology. 
The modeling method is recognized as the 
main method. Computer modeling is necessary 
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in the study of processes that are difficult or 
impossible to observe. Computer modeling also 
provides an opportunity for students to 
demonstrate the results of modeling in the form 
of animation, which increases interest in the 
subject [3]. 

Consider the possibility of several computer 
programs for the study of nanoobjects, 

RasMol is a freely distributed program for 
visualizing the spatial structures of 
macromolecules. This is a program for 
beginners and students, it can be considered 
basic, as it can work on computers with minimal 
hardware requirements. When working with the 
program, a number of atoms are released. All 
actions are carried out with this system of 
atoms. The initial data for visualization is a list 
of atoms with the coordinates of their centers.  

Qutemol, a real-time program, has a high-
quality molecular Visualizer that offers many 
innovative visual effects. QuteMol aims to 
increase the transparency of the simulated 
images and provide a better understanding of 
the molecular 3D format and spatial structure. 
Many viewing modes allow the program to 
obtain high-quality images of structure models, 
as well as save animated images using the 
Realistic mode. 

The program of simulation of molecular 
dynamics - GROMACS. The program of 
molecular dynamics is based on classical 
Newtonian mechanics, and this is the 
weakness of the method. On the one hand, it 
allows us to model systems with many atoms. 
On the other hand, the calculations are only at 
the level of intermolecular interaction, and the 
calculation of chemical reactions is difficult, 
unlike quantum chemistry, which takes into 
account all the interactions. Especially powerful 
supercomputers are needed for quantum 
mechanical calculations. 

Gaussian is a software package for 
calculating the structure and properties of 
molecular systems in the gas-phase and 
condensed state, including a wide variety of 
methods of computational chemistry, quantum 
chemistry, molecular modeling. Created by 
Nobel laureate John Pople and his research 
team and has since been constantly updated. 
Software packages series "Gaussian" are 
considered by experts one of the most powerful 

in terms of capabilities and common in 
everyday use. 

Thus, the development and application of 
programs for modeling nanoobjects is a 
promising direction in the teaching of 
nanotechnology in universities. 

5. The importance of qualified specia-
lists in technical specialties 

In recent years, thanks to scientific and 
technological progress in the field of 
nanotechnology, the role of technical 
professions in this specialty has increased. 
Time does not stand still and every time life 
brings us more and more new challenges. To 
be ready and be able to adapt to the ever-
growing needs, self-respecting professionals 
should have in their Arsenal a broad Outlook 
and willingness to qualitatively solve specific 
problems in specific areas to facilitate the lives 
of modern people. 

The development of nanotechnology is 
growing every year, and technical specialties 
are well-founded and moving forward the core 
for the scientific and technological progress of 
nanotechnology and nanomaterials. Therefore, 
experts in this field every day become much 
more popular than in recent decades. 

With the naked eye it may seem that the 
modern world is driven by the commercial 
basis, but in further analysis it becomes clear 
that all this is driven by the Executive system in 
the face of technical specialists. The 
development of nanomaterials and 
nanotechnology in the face of medicine, 
industry and industry can not do without 
appropriate professionals who know their 
business. And competition is an excellent 
source of new ideas and attract orders from 
manufacturers so that they are among the first 
to try to use a unique or profitable offer. Thus, 
the scientific work is carried out for the 
introduction of new technologies and all sorts of 
innovations [5]. 

It is important to master both high-quality 
and necessary material. Therefore, entering the 
University, it is important not to chase the 
"prestige" of the Institute or specialty, but it is 
necessary to understand that a specialist 
without knowledge, who became them by 
cramming will not be necessary in any scientific 
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field. Specialties in the direction of 
nanotechnology and nanomaterials are in 
demand only if there is knowledge, in particular, 
their quality. 

In such circumstances, a good specialist 
becomes very popular for employers, which 
can increase the specialist and salary, and add 
additional bonuses. After all, employers in 
search of such workers, understand that their 
efforts will be justified. After all, it is with the 
help of such employees with their innovative 
ideas that the company's profit increases. Or 
sometimes they help the company to avoid 
large losses with the help of their own 
knowledge and suggestions. Their innovative 
ideas increase productivity, reduce production 
costs and efficiently allocate production 
resources. A competent Manager will never 
miss such a specialist, understanding that such 
employees for the most part earn money for the 
company. A competent Manager will also take 
into account that it is not easy to work out 
difficult ideas for nanomaterials and 
nanotechnologies that require time for different 
tests, and after being made and as something 
separate, will bring income, becoming part of 
the new high-tech products. 
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Abstract. Science should be about exploring 
ideas and concepts from a very early age for 
the rest of our lives. However, learning science 
in school often loses its magic, and children 
easily get diverted if not kept motivated and 
stimulated. Innovative lessons that use local 
examples often provide stimulation. Further, out 
of school projects, (when children can work 
with adults like Citizen Science,) may increase 
their interest in observing and recording events. 
The author relates several successful large 
innovative school science projects which 
captured the imagination of the groups involved 
and which could be copied anywhere, at 
different scales. 
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1. Introduction 

Science should be fun for everyone, of all 
ages. In school, science must be relevant [1-3] 
and taught in a way that makes learning a 
memorable experience [4] from an early age. 
Researchers have found that unforgettable 
childhood science colours opinions about the 
subject for the rest of our lives [5], so it is vital 
that school science, in particular, offers 
opportunities for events that are stamped on 
our memories. These events don’t need to 
involve expensive outings or resources but 
most frequently result from an innovative 
lesson given by an enthusiastic teacher. Our 
out of school science experiences can be 
simple when children are young too, and don’t 
need to involve expense. My own children 
enjoyed a range of outside science experiences 
that cost nothing – bug hunts in the garden, 
finding the first blue/yellow/red flower in the 
woods or fields, looking for fossils in local 
gravel paths or driveways, and finding the best 
places to fly kites. 

2. Memorable experiences 

The astronaut Tim Peake stimulated 
thousands of children’s interest in science 

during his time in space. Children were invited 
to devise ‘space meals’ and experiments [6], 
some of which were implemented on his 
journey. His school links [7] by satellite 
enthused hundreds of children and provided 
many ideas for discussion in class. The Royal 
Horticultural Society sent 2 kg of seed into 
space which on return were sent to 
participating schools to see whether they grew 
better or worse than seed which had not 
experienced space [8]). The results are 
currently being co-ordinated. 

In a further published innovative idea, a 
Turkish teacher used the snowy weather to 
encourage his class to record issues 
surrounding school closures after heavy 
snowfalls, which made the children think of the 
problems associated with extreme weather 
conditions [9]. Local flooding in Suffolk was 
used by another teacher to stimulate interest in 
problems arising from extreme rainfall in their 
town, again arousing interest in local science 
issues [10]. Citizen Science projects throughout 
the world offer stimulating experiences for 
many adults to participate in real innovative 
science [11]). 

3. My science experiences 

As a student and a teacher, I think I have 
always been a rebel. This is partly because I 
only seem to learn anything through 
experiences. Most of the teaching I 
experienced at school was straight forward 
facts – which were either dictated or we copied 
from the board or text book. I did not respond 
very well to this and found learning facts very 
difficult. However, when I joined the weather 
forecasting service, my life was full of practical 
observation, plotting and recording and some of 
the physics facts that I had tried so hard to 
memorise actually began to make sense! I 
started to understand physics for the first time 
in my life. Consequently when I later decided to 
become a teacher, I vowed that I would try to 
appeal to all the different ways that children 
learn. This of course, made teaching for me 
much more interesting, but also more difficult in 
that I was always trying to find innovative ways 
of teaching! I must say too, that my innovative 
methods were not always approved of by head 
teachers – taking children out to measure snow 
depth all over the school field and ending the 
lesson with a snow ball fight was a case in 
mind. But I was fortunate enough to have 
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forward looking, understanding head teachers 
who were not overly critical so long as the 
children achieved good results. 

4. Flexibility is key 

One needs to be flexible when teaching 
children and this flexibility must take account of 
current circumstances – often the weather 
(nothing upsets a class like a windy or wet day) 
or local events – when I was teaching in 
Manchester this amounted to football cup ties. 
If Manchester United were playing on a 
weekday, half the class would be absent – if 
Manchester City were playing, the other half 
would be away, and if they were playing each 
other – well, it wasn’t worth having a lesson at 
all. In another school a local child killed in a 
motor cycling accident unsettled children for 
days. All sorts of things unsettle children and 
this plays on their learning ability. At these 
times doing something different will distract 
children and hopefully add something to their 
knowledge, but one has to be creative. It’s a 
good idea to have a range of ideas secreted 
away for a rainy day. 

I have sent classes out to collect ten stones 
each which we then classified into sizes, 
shapes, colours or even rock types. Students of 
all ages enjoy this: they have drawn graphs, 
tried to find where the source of these pebbles 
is, how far they have come, whether water 
moved – so many questions can be examined 
from this one exercise. Mapping shadow zones 
around a school building then questioning the 
implications of too much light, not enough light, 
finding the warm or cool areas of the building, 
the need for sun blinds: again all sorts of 
questions can be generated from a simple idea. 
Mapping windy zones where litter collects, rain 
shadow zones all provide ideas for innovative 
questioning sessions. 

5. Support for teachers 

Since moving on from the classroom to a role 
of supporting teachers by thinking up innovative 
ways of teaching specific science topics, I have 
been able to spend more time researching and 
planning ways that will provide opportunities for 
all types of learning, for all ages of students. I 
have also learnt more and understand more 
too! 

One of the first things I began to appreciate 
more in my supportive role was the use of 
language [12]. I had always been aware as an 
earth scientist that science and particularly 
earth science, had a vocabulary of its own, and 
that there needed to be ways of introducing 
technical words through explanation and 
continual reinforcing use. One day I was asked 
to review a programme developed specifically 
by a company for young children about ‘gases’. 
On reading through the initial programme, it 
seemed to me that the programme was 
assuming all manner of technical words – the 
first being ‘gas’. The programme was aimed at 
5-7 year olds and I ventured to ask some 
children what they thought ‘gas’ was. Their 
replies were many and various, and I soon 
discovered that there were other words which 
we as adults assumed children understand but 
which meant very different things. Words like 
temperature, - what is hot, or cold? Wet and dry 
were usually understood, but the word liquid 
caused issues… To go back to the company I 
was working for, I rewrote their programme in 
language for 5-7 year olds, with explanations of 
very basic technical words. I now always try to 
get teachers to think carefully about even very 
simple words and language, for example: hot or 
cold – what do these really mean – think about 
it! We use a lot of words in science that can 
have different meanings to children, depending 
on their age: e.g. force, pressure, plant. When 
we use scientific words in a technical situation 
we need to ensure that children understand 
what we mean in that specific situation so that 
we all can communicate from the same 
baseline. 

6. An innovative primary science day–
‘who lived on my school field?’ 

In 2010 a school asked me if I could devise 
a programme for a whole day to stimulate 
interest in science, as their school science was 
seen to be ‘failing’. Something exciting and 
investigative was needed, that would raise the 
status of science for everyone. After talking 
with the teachers I suggested that we might 
spend a day investigating what might have 
lived on the school field prior to the last Ice Age 
[13]). Giving footprints and teeth of different 
animals alive at the time, and linking this to 
environments through rocks might be 
something that would provide a range of 
investigations and give room for discussion and 
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Abstract. The scientific activity is formed by 
knowledge, methodologies and processes of 
inquiry. This methodology has been used both 
in workshops and conferences for adults. For 
our audience, the inquiry involves making 
observations, asking questions, performing 
experiments, analyzing and interpreting the 
results, proposing explanations and asking 
further questions. In general, the activities in 
these workshops are carried out in groups. The 
experiments are carried out by a male scientist 
and a female scientist. It is important for us to 
emphasize the presence of women in science. 
This paper presents 2 activities, workshops and 
conferences to promote science at home. It is 
necessary to open a dialogue between science 
in general and our society to correct certain 
attitudes against science. 

Keywords. Chemistry, Women, Kitchen, 
Experiments, Society. 

1. Introduction 

The scientific activity is formed by 
knowledge, methodologies and processes of 
inquiry. In this human activity, scientists, 
professors, teachers and those people related 
to scientific dissemination must be involved. 

Everything that we encompass within the 
word "science" shows us that any of them, 
biology, chemistry, physics, biotechnology, 
engineering, mathematics and others, are 
formed by knowledge, methodologies and 
processes of inquiry.  

From the dictionary [1], inquiry means a 
seeking or request for truth, information, or 
knowledge. In addition, the act of inquiring 
implies seeking information by questioning.  

The methodology of the inquiry has been 

used both in workshops and conferences for 
adults, some with little or no scientific 
knowledge. Significant experiments were 
prepared for them.  

For adults, the investigation involves 
observations, asking questions, performing 
experiments, analyzing and interpreting the 
results, proposing explanations and asking 
further questions. 

The kitchen activities are carried out in 
groups of 2-3 people [2]. It is intended that 
participants develop their own initiatives, 
contrast them with colleagues’ proposals and 
all together enjoy scientific experiments. 

The experiments are carried out by a male 
scientist and a female scientist because 
important scientist women and their findings 
correlated with the field of experimentation, 
chemistry, in order to increasing the 
participation of the girls and women. It is 
important for us to emphasize the presence of 
women in science [3]. 

It is necessary to open a dialogue between 
sciences in general and our society to increase 
public understanding of science and to correct 
certain attitudes against science or specific 
anti-science beliefs [4]: 

 The four major anti-science issues are 
Humans are not responsible for global 
warming/climate change.  

 The Earth is only a few thousand years 
old. Vaccines can cause autism.  

 Genetically modified organisms (GMOs) 
are harmful. 

Here we present two different activities, 
workshops and conferences. Both with the 
same objectives: to establish a relation 
between chemistry and the kitchen and to 
promote science at home. 

2. Non-formal education 

All those activities are performed outside the 
school environment, in order to develop the 
intellectual and moral competences of the 
individuals [5]. "Non-formal education" 
UNESCO defines Non-formal education [6]: it 
can cover programs contributing to adult and 
youth literacy and education for out-of-school 
children, as well as programs on life skills, work 
skills, and social or cultural development.  
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Non-formal education refers to explicit 
objectives which are not directly directed to the 
provision of the proper grades of the regulated 
educational system. [7]. That is to say, non-
formal education is a type of education that will 
include all the processes and practices that 
involve a heterogeneous social group, but 
whose institutional structure does not certify for 
school cycles. 

Non-formal education objectives of the 
institutions like the Official College of Chemists 
of Catalonia [8], Col·legi Oficial de Quimics de 
Catalunya, (CQC): 

 Create educational programs that foster 
attitudes, values, competences and 
forms of social organization, capable of 
changing previous ideas. 

 Create training programs that expand 
employment opportunities, improve 
family income and change living 
conditions. 

Non-formal education objectives of the 
participants: 

 Transmission of basic knowledge and 
skills for science communication in our 
society. 

 The programs are aimed at people who 
are different in age, gender, social 
status, race, etc. 

3. Methodology 

This informal learning was used both in the 
practical workshops and the science 
conferences for adults  

The Department of Biochemistry and 
Molecular Biomedicine [9], Department de 
Bioquímica I Biomedicina Molecular (DBBM, 
www) at the University of Barcelona [10], in 
collaboration with the Official College of 
Chemists of Catalonia, Col·legi Oficial de 
Quimics de Catalunya, (CQC, www) designed 
activities aimed at adults. These activities / 
experiments are carried out both in the 
laboratories of the DBBM itself and in civic 
centres. 

Furthermore, the CQC, taking advantage of 
the fact that the UN declared 2019 [11] as the 
International Year of the Periodic Table of 
Chemical Elements (IYPT 2019) coinciding with 
the 150th anniversary of its presentation by 

Russian chemist Dmitri Mendeleev, has 
designed workshops, related with this 
celebration, aimed at adult people. 

Some of these workshops are 

 "Chemistry in the kitchen",  
 "The Periodic Table",  
 "History of the chemical elements", 

"Biochemistry of diabetes, obesity and 
cancer",  

 "Science and toys",  
 "The chemical elements and the 

importance of the periodic table"  

All of them are carried out in municipal 
facilities such as libraries and civic centers. 

To enhance the importance of the presence 
of women as scientists the experiments are 
always carried out by a female scientist and a 
male scientist.  

Some important women/scientists are 
named in the field of experimentation, Marie 
Curie was the most known, to emphasize the 
participation of the girls. 

4. Results 
4.1. Chemistry in the kitchen for adults 

Explaining chemistry at home is an 
innovation for adults in the field of cooking as 
well as in education. 

This activity was developed in the kitchen of 
the civic center "Vil·la Urania" [12] in 
Barcelona. 

The combination of chemistry and culinary 
techniques [13] is a scientific discipline called 
"Molecular cooking". High-level Catalan chefs 
such as Ferran Adrià and Carme Ruscadella 
are worldwide known for their contributions to 
this discipline. 

In this context, the living organisms or not 
from which we obtain the foods are made of 
atoms, this is chemistry. 

We work and explain the core ideas of  

• liquid nitrogen freezing,  
• protein structure change,  
• spherification procedures  
• food base pH indicators.  
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5. Conclusions 

The principle objective of this activity is to 
allow participants, adults and elderly people, to 
experience science in a less-structured and 
more playful manner. All these experiments are 
designed to be straightforward and the simple 
materials are chosen with safety in mind. They 
can repeat kitchen activities at home. 

The main purpose of conferences is to 
promote science. It is necessary to open a 
dialogue between science in general and our 
society to improve the relationship between 
science and society. Our participants can fight 
against the false ideas against the science.  

In addition, the scores given by the 
participants, were 4.3 and 4.5 out of 5 indicate 
the great acceptance of these methodologies, 
experimental workshops and conferences, 
among them and encourages the teaching 
staff/science disseminator to continue in that 
direction. 
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Abstract. Biotechnology, which integrates 
high school curriculum, has allowed the genetic 
transformation of bacteria for human benefit. 
For some students, genes are the only 
determinants of the organismal phenotype, 
therefore it is important that they understand 
that environmental factors influence gene 
expression and that this can condition the 
general phenotype of an organism. With this 
experience students can observe, in practice, 
positive genetic regulation and catabolic 
repression. It also allows students to 
experience transformation of Escherichia coli 
with plasmid DNA and use of antibiotics for 
positive selection of transformants, both of 
which are essential techniques for gene cloning 
technology. 

Keywords. Bacterial Transformation, Induci-
ble Promoters, Regulation of Gene Expression, 
m-Cherry, Recombinant Proteins. 

1. Introduction 

Biotechnology has become an impactful field 
in society, therefore citizens must be able to 
understand its main concepts and its potential 
and draw-backs, so that they can make well-
versed decisions concerning its applications. 
Therefore, in Portuguese curricula, 
biotechnology and modern molecular biology 
are mobilized to concrete daily situations and 
rely on hands-on laboratory classes. 

In biotechnology, genetic transformation is a 
commonly used process that transfers a gene 
from an organism to another, that becomes 
capable of producing a new protein that was 
encoded by said gene. This allowed for some 
biotechnological applications, such as the 
production of human insulin in bacteria. But 
genes are not the only factors for a certain 
phenotype in bacteria. Environmental factors 

are partly responsible for the phenotype 
expressed in an organism. Bacteria respond to 
environmental and nutritional changes by 
regulating its gene expression. 

All cells regulate gene expression so 
unnecessary transcripts and proteins are not 
produced, regulating their metabolism and 
efficiently using limited nutritional resources. It 
is common in cells cultivated in nutrient-poor 
media to minimize or “turn off” the expression 
of genes not necessary for nutrient 
metabolization, reducing the synthesis of RNA 
and proteins because transcription and 
translation are energy-expensive processes. In 
bacteria, the most usual mechanism for 
regulation occurs over messenger RNA 
(mRNA) transcription, and those genes are said 
to be “transcriptionally regulated” [1]. 

Generally, bacterial genes are switched off 
by repressor/inhibitor proteins that regulate 
expression by fixing to an operator DNA 
sequence, adjacent to the promoter sequence 
of an operon, successfully blocking the access 
of the RNA polymerase to the DNA sequence, 
resulting in operon gene expression repression 
[2]. 

Bacteria optimize metabolic pathways by 
adjusting and finetuning their enzyme levels 
and structural components because of a 
modulatory effect caused by the sensitivity to 
nutrient levels of repressor proteins. Thus, 
organism such as Escherichia coli, only 
produce the proteins they need to survive in 
specific conditions [1]. Around 50% of bacterial 
genes are clustered in operons, and each 
operon encodes enzymes that are involved in a 
metabolic pathway or interacting proteins that 
form functional complexes [3]. 

An operon is composed by multiple 
individual structural genes, that are all under 
the control of the same promoter and regulatory 
sequences such as an operator that controls 
the transcription of the structural genes which 
are transcribed into a single mRNA molecule 
[4]. 

The lac operon is the most commonly known 
operon of E. coli. It is a DNA fragment that 
includes a promoter, an operator, and three 
structural genes lacZ, lacY and lacA, which 
encode for lactose-metabolizing enzymes. Its 
promoter is the RNA polymerase biding site, 
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and its operator, which is located between the 
promoter and lacZ gene, is the repressor biding 
site. Located upstream the promoter, the 
regulatory gene lacI encodes the repressor 
protein [1]. For expression in a Lac promoter-
driven gene, the presence of lactose (inductor) 
and absence of glucose (inhibitor) is required to 
have high levels of expression. In this process, 
two regulatory proteins are involved, Lac 
repressor (LacI) and catabolite activator protein 
(CAP). The lac operon is negatively regulated 
by this repressor protein, but is inducible by the 
presence of allolactose, that inactivates the 
repressor by directly biding to it. Lactose is a 
precursor of allolactose, so it is an inducer 
molecule that activates the expression of the 
lac operon [2]. The CAP forms a complex with 
cyclic AMP (cAMP) that activates transcription 
through the increasing of the affinity of the RNA 
polymerase for the lac promoter. CAP and 
cAMP positively regulate the lac operon [3].  

When glucose is present in the media, a 
second level of gene regulation takes place. 
Because glucose is preferentially used by 
bacteria, the metabolism of other sugars is 
repressed, even in the presence of the inducer 
lactose. This type of gene downregulation is 
termed “catabolite repression” [3]. In this 
situation, cAMP is low and therefore the CAP-
cAMP complex does not bind, resulting in a 
reduced affinity of the RNA polymerase for the 
lac promoter. With this mechanism, the cell can 
measure the presence and concentration of 
glucose, further inhibiting the transcription of 
the lactose metabolizing enzymes [1-3]. 

In this work, we aimed to develop a hands-
on approach for the study of the regulation of 
the lac operon in E. coli, that can be visually 
assayed by the expression of a reporter 
protein. The regulation of the lac operon and 
catabolite repression can be visually assayed 
by the expression of a red fluorescent protein, 
mCherry. The coding sequence of mCherry 
was inserted in two vector plasmids, the 
pMCSG53 expression plasmid and the 
pBluescript II SK plasmid. 

Systems that use T7 promoter are extremely 
popular for recombinant protein expression. 
Expression plasmid pMCSG53 contains the 
hybrid T7lac promoter [5] which contains a lacO 
operator downstream of the T7 promoter 
allowing binding of the lac repressor at this site 
and so it can also be induced by lactose [6]. 

Those vectors also carry their own lac 
repressor gene (lacI) to ensure that enough 
repressor is made [7]. These characteristics of 
the system make it ideal for avoiding basal 
expression, making it a good repressor system 
[6]. In this system, the gene of interest is cloned 
downstream a promoter that is recognized by 
the phage T7 RNA polymerase, which should 
be provided in another plasmid or placed in the 
bacterial genome in a prophage (λDE3) that 
encodes for the T7 RNA polymerase under the 
transcriptional control of a lacUV5 promoter [6]. 

A single E. coli strain was used in this work, 
the BL21(DE3) strain. This strain is one of the 
most used strains for protein expression. 
Because it is deficient in the Lon protease and 
is missing a gene for the outer membrane 
protease OmpT, it does not degrade most of 
foreign proteins and does not digest the 
recombinant protein after cell lysis. In 
expression systems under the control of the 
promoter T7, it is necessary to provide a T7 
RNA polymerase. In this strain, the λDE3 
prophage was inserted in the chromosome of 
BL21 and it contains the T7 RNA polymerase 
gene under the control of the lacUV5 promoter 
[6]. This strain is a Biological Safety Level One 
(BSL-1), which represents a basic level of 
containment that relies on standard 
microbiological practices with no special 
primary or secondary barriers recommended, 
other than a standard procedures like hand 
washing and safe disposal. It is non-pathogenic 
and unlikely to survive in host tissues and 
cause disease [8]. The bacteria were 
transformed with two plasmids – pSK-mCherry 
and LIC-mCherry, both recombinant plasmids 
that possess the gene for the reporter protein 
mCherry [9]. The mCherry protein is a red 
fluorescent protein that was derived from 
DsRed, which was extracted from disc corals of 
the genus Discosoma. DsRed was engineered 
in the Tsien lab and after some cycles of 
mutation, directed modification and 
evolutionary selection, the mCherry protein was 
produced [10]. In the recombinant plasmid 
pSK-mCherry, the red fluorescent protein was 
cloned in the pBluescript SK II vector, in frame 
with the β-galactosidase, successfully creating 
a functional fusion protein under the control of 
the lac promoter. In the recombinant plasmid 
LIC-mCherry, the reporter gene is under the 
control of the hybrid promoter T7/lac operator. 
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(inhibitor), to have high levels of expression. In 
this process, there are two regulatory proteins 
involved, catabolite activator protein (CAP) and 
Lac repressor (LacI). So, when lactose is 
present in the bacteria environment, allolactose 
is produced, binding to the LacI repressor and, 
therefore, inhibiting its association with the 
promoter region. This releases physical space 
for RNA polymerase to bind and transcribe the 
Lac operon. But, when both lactose and 
glucose are present in the environment 
surrounding the bacteria, a second type of 
control mechanism, catabolite repression, acts 
to prevent lactose metabolism. The CAP forms 
a complex with cyclic AMP (cAMP) that 
activates transcription through the increasing of 
the affinity of the RNA polymerase for the lac 
promoter. CAP and cAMP positively regulate 
the lac operon. When glucose is absent, cAMP 
concentration is high, so the CAP-cAMP 
complex binds to DNA and increases the 
affinity of the RNA polymerase for the lac 
promoter, significantly activating transcription. 
Because glucose is a preferable energy source, 
when it is present in the media, cAMP is low 
and thus the CAP-cAMP complex does not 
bind, resulting in a reduced affinity of the RNA 
polymerase for the lac promoter. With this 
mechanism, the cell can measure the presence 
and concentration of glucose, further inhibiting 
the transcription of the lactose metabolizing 
enzymes [1-3]. 

Despite being an inducer molecule for the 
lac operon and a synthetic analog of lactose, 
commonly used in laboratories worldwide, 
Isopropyl β-D-1-thiogalactopyranoside (IPTG), 
was not used in this work because many 
students might find difficult to associate its 
function with that of the inducer molecule, 
besides IPTG is an expensive and toxic 
substance. Thus, lactose was chosen to be the 
inducer in this work, as it happens in the natural 
system. 

It is important for students to discuss the 
composition of the media, to understand the 
mechanism of induction and repression in 
regulating the expression of a recombinant 
protein, and predict the outcome. It is also 
important to note that with longer time, even 
without the inducer, the recombinant cells start 
to produce the protein, changing the expected 
results. In the LIC-mCherry LB-agar + ampicillin 
+ lactose + glucose plate, after the 
metabolization of glucose, the metabolism of 

lactose starts, inducing gene expression and, 
therefore, there are some pink isolated colonies 
in the plate after a week. With the same media, 
the pSK-mCherry colonies were all pink, 
because in this system not enough repressor is 
made leading to basal expression. In the LIC-
mCherry LB-agar + ampicillin plate, after a 
week, most colonies were white, while the pSK-
mCherry colonies, in the same media, were all 
pink, because, as mentioned before, this 
system does not have a good repression 
system. Even with LIC-mCherry, which has a 
good repression system, after a week, without 
inducer, some isolated colonies turned pink, 
because of basal expression [6]. 

As expected, with expression vector LIC-
mCherry higher levels of expression was 
achieved with very intense red colonies. Also 
basal expression is efficiently reduced until 
lactose induction. For this reason and for the 
intended objectives, the LIC-mCherry is a 
better vector to use in didactic terms rather 
than pSK-mCherry. Using the pBluescript-
Cherry system the expression of reporter 
protein is directed by a lac promoter in the 
common cloning vector pBluescript II SK. This 
is a simpler system but expression can 
eventually be observed in the absence of 
inducer (“leakiness”) due to low levels of the lac 
promoter repressor protein LacI [6]. 

With the LIC-mCherry system, T7 RNA 
polymerase must be provided by expression 
hosts (λDE3 lysogens) such as bacterial strains 
BL21 (DE3). Besides, even in systems based in 
common cloning vector pBluescript II SK, the 
BL21 strain was chosen because, unlike other 
strains that are widely used in the laboratory, 
such as DH5α, it has the Lac operon and the 
ability to transport and metabolize lactose. 

5. Conclusion 

In this work we were able to produce a 
simple and reproducible experimental setting 
for the genetic transformation of E. coli with a 
recombinant vector, containing a mCherry 
marker. 

With the different media compositions, it was 
possible to macroscopically observe several 
biological phenomena such as Lac promoter 
activation and catabolite repression. 
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With these results, we are confident that this 
activity is a simple, practical and reproducible 
tool for the teaching of biology and adaptable to 
students of various levels, but particularly at a 
high-school to University setting. Furthermore, 
this experience can be explored in an 
educational context, on the subject of 
biotechnological production of recombinant 
proteins in bacteria. 
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Abstract. The article analyses STEM-
methods, shows tips and tricks that could be 
useful in history lessons, especially when we 
are talking about “History of science” or “History 
of technology”. Based on the own experience 
article proposed methods which could make 
lessons more interesting, give them more 
freshness and fun. We special chose the 
examples, which could be easily repeated in 
every class. Most of them needn’t special 
materials or equipment. It also helps to 
deepening of knowledge and systematization of 
skills, forms interdisciplinary connections. But 
the main point of shown methods – that them 
could deal with the problem of small rating of 
natural sciences in youth and could change its 
dramatical reduction. 

Keywords. IBSE, NTU "KhPI", STEM Educa-
tion, Natural Science, Technical Science, 
History of Science, History of Technology. 

1. Introduction 

History repeats itself. Nowadays in Ukraine 
technical specialties every year become less 
and less popular among applicants who are 
going to Universities. A lot of school leavers 
who is going to study at technical (for instance 
mechanical or electrical engineering) 
demonstrated one of the least levels of 
knowledge in the main subject field (in average 
amount of universities it was mathematics). 
That is, we personally witness a dilemma when 
students with low balls enter complicated and 
important for innovative development of the 
country's specialties [1]. First of all, that 
demonstrates the rapid decline in the rating of 
natural and technical sciences among young 
people. And this situation is quite usual not only 
in Ukraine, but also in the global context. 

As said David Goodstein in the American 
Association of Physics Teachers: “The simple 
fact is, we are failing. If teaching physics were a 
business, we would be filing for bankruptcy” [2]. 

Americans among the first began to alarm and 
reorganize the education system to address 
this problem. In the mid-1990s, one of the 
responses to the dangerous challenge, taking 
into account the features of the new generation 
of students, was the inclusion in the US 
National Education Standard so called Inquiry 
Based Science Education (IBSE). The new 
approach included holding regular 
extracurricular creative activities of educational 
character, holding summer academic camps 
and national competitions on a wide range of 
topics. The main slogan of that time was: 
explore everything! Nevertheless, IBSE was not 
able to provide a genuine technological 
breakthrough. Instead, he allowed the 
accumulation of a substantial base of valuable 
methodological material from the natural 
sciences, which is now worthy of use in native 
education. 

At the turn of the millennia, a new approach 
to education which was named STEM 
appeared. The STEM abbreviation stands for 
"Science, Technology, Engineering and 
Mathematics" – fields that underlie in this 
educational methodology. At the same time, all 
courses are studied as a united complex of 
disciplines. At the same time, the practical 
application of the acquired skills plays an 
important role. Children not only acquire new 
knowledge, but also learn to apply them in 
practice. Thus, the main difference of the new 
method that focuses on interdisciplinary and 
pragmatism. 

2. History of science and science of 
history 

The course "History of science and 
technology" is taught at the majority of faculties 
of NTU "KhPI". This is a rather unusual subject 
for higher education, the main purpose of which 
is the formation of a holistic scientific outlook of 
a young generation of specialists. At the same 
time, unlike the usual course of history, which 
has an economic and political character, the 
history of science and technology has a 
scholarly and ideological orientation and aims 
at forming an understanding of the role of 
personality in science, as well as the social 
function of science in general in the 
advancement of human civilization. At the 
same time, the course in science and 
technology covers all the key stages that 
humanity has undergone: from the ancient 
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Abstract. The use of open-source software 
applications has become an important tool to 
support modern approaches in medical 
education. The experience gained during the 
implementation of the Moodle, an open-source 
Learning Management System, at 
Horbachevsky State Medical University in 
Ternopil (TSMU) is presented regarding some 
aspects of a teaching process in medical 
education. A Moodle-based system enabling 
students’ self-appointment to complete missed 
classes is proposed. This system is 
implemented through integrating the Scheduler 
plugin. The experience of developing, using 
and supporting this system at the TSMU is 
described. Also an example of how the version 
control system was applied to manage the 
processes of open-source software adaptation 
and support is shown. 

Keywords. Distance Education System, 
Learning Management System, LMS Moodle, 
Medical Education, Open-Source Software, 
Scheduler Plugin, Software Development, 
Version Control System. 

1. Introduction 

There is a great importance of application of 
information technology in the healthcare 
system and medical education now. The field of 
medical education should provide training for 
specialists who can effectively use the 
capabilities of modern medical information 
systems. To achieve this goal, modern learning 
tools and technologies must be used in higher 
medical education. [1]. Conceptual approaches 
to introduce modern information technologies in 
medical education have included application of 

Learning Management information Systems 
(LMS) which also often provide services of 
distance education too - as well as learning 
material management systems (LMMS or 
LCMS - learning content management 
systems). 

2. The use of LMS Moodle in the 
educational process at Ternopil State 
Medical University 

The leading position among free and open 
source LMS/LMMS/LCMS software for years 
has been taken by open source LMS Moodle 
(https://moodle.org/). TSMU has been using 
this LMS in the educational process since 
2006. At the beginning, LMS Moodle was used 
only to implement test assessment of students’ 
self-training results before classes in the 
teaching process at TSMU. It was a small part 
of integrating the credit-module system into the 
academic process at TSMU. 

The methods and approaches of the LMS 
Moodle application within the TSMU academic 
process has improved significantly until today 
[2-4]. Educational capabilities of the LMS 
Moodle-based system at TSMU were 
significantly extended during recent years to 
meet specific needs of the academic process in 
medical education. It was achieved by 
introducing a few additional Moodle's third-
party modules (plugins). Some of them may 
include a source code customization feature [5-
6]. 

An online repository of versions of LMS 
Moodle programming code has been created 
by Andrii Semenets to support and track the 
changes in custom codes. It is published as the 
branch (fork) of the main LMS Moodle's project 
on the GitHub server [7]. The repository is 
updated on a regular basis using the version 
control system (VCS) git, in according to LMS 
Moodle stable releases has been published. 

Continuously increasing level of automation 
of the educational process sets new 
requirements to LMS/LMMS/LCMS software. In 
particular, in 2013 it has become necessary to 
implement a system enabling students’ self-
appointment to complete missed classes 
according to the class schedule at the TDMU. 

The aim of paper is to present author's 
experience regarding the implementation of the 
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developed. This system was implementing 
through introducing the Scheduler plugin was. 
The experience gained in the course of the 
development, use and support of this system at 
the TSMU is described. Additionally, an 
example of how the version control system can 
be applied to the processes of open-source 
software adaptation and support is given. 
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Teaching Object Oriented 
Programming in Primary 

Education 

E Petraki 
Ralleia Experimental Primary Schools, 

Piraeus, Greece 
epetraki@gmail.com 

Abstract. Object Oriented Programming 
(OOP) is considered as an advanced subject 
and it is usually taught late at the curriculum [1]. 
Current paper is about a research that was 
implemented at Ralleia Experimental Primary 
Schools in Piraeus, Greece, for three years 
during the animation after class club. Primary 
school pupils from 10 to 12 years old were 
introduced to the basic Object Oriented 
Programming concepts through real life 
examples. Subsequently, visual OOP software 
was used by pupils in order to create simple 
animation projects using the acquired 
knowledge. As a final step of the current 
research pupils were taught a more difficult OO 
programming environment, based on C++, to 
use to their animation projects. 

The findings of the specific research were 
several: At the beginning, pupils were able to 
understand the basic OOP concepts like 
objects and distinguish the difference between 
object properties and object methods. They 
could also understand the concept of a class 
using examples derived from real life. 
Inheritance was also an easily understood for 
pupils concept. On the other hand, the 
concepts of polymorphism and information 
hiding were more difficult for them but in this 
case real life examples were also helpful for 
them to acquire the appropriate knowledge.  

Software like Scratch, Alice, Web Cartoon 
Maker etc. were used to help pupils understand 
how they can create objects and implement 
their knowledge of OOP. With the appropriate 
worksheets pupils were able to change the 
properties of an object, create the behaviour of 
each object using the appropriate commands, 
understand the class concept, and finally at the 
end of the research, students from primary 
school, using the appropriate manual given by 
the teacher, were able to write C++ code to 
identify the behaviour of their objects.  

This approach requires from the teacher a set 

of simple worksheets and manuals to guide the 
pupils gradually deeper to OOP during the 
lessons. The more important finding was that 
the pupils could easily correlate the specific 
concepts to real life issues. This fact helped the 
teacher give more knowledge compared to the 
initially teaching plan. 

Keywords. Object Oriented Programming, 
Primary Education, Scratch, Alice, Web 
Cartoon Maker. 

1. Introduction 

In Greek schools, pupils are taught 
computer science from the primary school for 
one hour per week. In the first grades, pupils 
learn what a computer is and how they can use 
it, acquire basic skills in the use of specific 
software (painting, word processor, etc.), use 
information technology as a tool for creating 
conceptual maps, etc. In higher classes, 
primary school pupils learn programming and 
implement the appropriate activities to expand 
and enhance their programming skills. Scratch 
programming environment is widely used in 
these classes.  

Current paper concerns the research 
implemented at Ralleia Experimental Primary 
schools for three years, 2016- 2019. In the 
specific school, as an experimental one, after 
the relevant proposal from the school and the 
corresponding approval of the Ministry of 
Education, ICT course was taught two hours 
per week the last three years. At the same 
period, in the school, after class clubs were set 
up to help students acquire further knowledge 
in specific cognitive domains, such as the 
animation after class group. Within this group, 
apart from others, students were taught the 
basic concepts of object-oriented programming 
and implemented their knowledge using the 
appropriate software in order to create 
animation projects. This paper briefly presents 
the steps followed and the findings of the 
specific attempt. 

2. Teaching basic OOP concepts 

Object is one of the basic concepts of Object 
Oriented Programming. An effective way to 
teach objects is to consider our OO programs 
as "parts" of the real world. Real world consists 
of different kinds of objects. We can think our 
programs as models of a real-world microcosm 
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Development and Implimentation 
of STEM Education Via 

Preuniversity “#STEMCamp 
School” 

K Minakova, O Larin, R Tomashevskyi, 
B Styslo, O Avdeeva 

National Technical University «Kharkiv 
Polytechnic Institute», Kharkiv, Ukraine 

romiocat.khpi@gmail.com 

Abstract. The article describes the 
implementation in Ukraine of a pre-university 
STEM- and CDIO-based educational project 
“STEMСamp School”, that was realised in a 
format of summer camp. The paper presents 
the main tasks and challenges of the STEM 
(Science, Technology, Engineering and 
Mathematics) and CDIO (Conceive Design 
Implement Operate) education in a secondary 
school and the possibility of its implementation 
within an active technical university integration 
into the process. A positive experience of the 
project is presented as well as the main results 
of using STEM technologies and project-
oriented methodology for out-of-school 
education of young people. 

Keywords. Out-of-School Education, STEM, 
CDIO, Pre-university Education, Inquiry-Based 
Science Education. 

Dedication 

A group of authors, together with young 
scientists of NTU "KhPI", who were the 
organizers and participants of the #STEMCamp 
School project, endure immense gratitude and 
appreciation to the wonderful Kharkiv 
enthusiast of STEM education and popularizer 
of natural sciences, our good friend and mentor 
of young scientists Alex Kazachkov. Thanks to 
Alex’s valuable recommendations and practical 
advice, this and other educational projects for 
children, schoolchildren and young people of 
Ukraine have appeared and were implemented. 
To our deep regret, Alex Kazachkov could not 
see the final implementation of these projects, 
but his contribution to the development of the 
popularization of technical education in the 
Kharkiv region cannot be overestimated. He 
was the leader of the students' scientific 
associations, international coordinator of the 
university projects, conducted training for 
teachers of schools of Kharkiv and did not 

spare the time to popularize the natural 
sciences among the young people. Alex could 
always surprise and inspire to create something 
new and exciting from improvised means.  

He taught us to see science everywhere 
around us. His enthusiasm and faith in us gave 
confidence and strength to hold the HSci 
conference precisely in Kharkiv. 

1. Introduction 

A modern world requires two contrary 
necessities for a new generation that helps 
them do not lost in the actively developed 
complicated technologies and abstract 
informational/communicational spaces.  

The first is the more fundamental education 
and in the field of natural science that can help 
to understand modern technologies, helps to 
use them effectively and in a proper way.  

The second one is the strong need in a good 
level of soft skills, i.e. the ability for free 
communication with colleagues and people with 
different tempers, requirements and cultures; to 
work in the team, to present their ideas and 
concepts and etc.  

The modern youth has a myth that a world 
digitalisation and does not require them to 
know the natural sciences because of ICT tools 
and accessibility of complicated technologies in 
everyday life. So, mastering of high 
technologies, implementation of the research 
approach, and encouragement of students’ 
creativity are both the necessities and a great 
challenge of contemporary education. 
Traditional pre-university education in Ukraine 
unfortunately does not provide appropriate 
competencies for its graduates. 

The concept of STEM aims to solve the first 
mentioned problem, i.e. the school students’ 
learning motivation, engagements to natural 
science and research activities. Adoption of the 
relevant experiences by Ukrainian teachers and 
students is an important component of 
reforming secondary education. Unfortunately, 
STEM education introduction in Ukrainian 
schools remains low due to the lack of a 
methodological base and the relevant teachers’ 
experience. The introduction quality of STEM-
education is largely determined by the 
competence of the educators. It is important 
how and how active they use the research 
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competencies in education process. The best 
solution is to add universities into the chain of 
methodological support for schools. Technical 
universities are great stakeholders of STEM 
and actively supports activities based on STEM 
education approaches. 

The second mentioned above problem is 
also required to introduce to the education of 
new principals and concepts. The easiest way 
to develop soft skills is an education 
humanisation that is very popular in Ukrainian 
secondary school. But this concept strongly 
leads away from the solution of the first 
problem (a good education in natural sciences), 
so it should not be mainstream. The solution of 
the contradiction can be found in the 
implementation of Project-based education (the 
CDIO concept). An introduction to the STEM 
education the team Projects will help to develop 
soft skills. 

The current paper describes a successful 
experience of the STEM CDIO-based project 
that was realised in Kharkiv in 2018 and 2019 
years. 

2. Brief project description 

The project was implemented in 2018 and 
2019 by the NGO «Young Scientist Council of 
the National Technical University «Kharkiv 
Polytechnic Institute» with the support of the 
US Embassy in Ukraine.  

The goal of the project was to create an out-
of-school, comprehensive and socially 
accessible educational space in a summer 
school format. The project contributed to the 
reform of the Ukrainian school, expanding the 
ability of informed choice of students for further 
profile education. It also helped expand 
STEM's components into public education 
projects and provided creative education for 
children. 

The project brought together schoolchildren, 
students and university lecturers in a single 
educational and creative space. This raised the 
level of awareness of schoolchildren to help 
them make a conscious choice of their future 
profession. 

The project was attended by 100 
schoolchildren in the city of Kharkiv and the 
region, of which 15% are children with 
disabilities. The project was implemented on 

the basis of the "royalty-free” fee based on the 
NTU" KhPI "and lasted for 2 weeks and 
included activities aimed at studying Ukrainian 
and American culture and their interaction.  

The project started with the dissemination of 
information on holding “#STEMCamp School” 
and a selection of participants (volunteers and 
schoolchildren). 

The selection of participants was conducted 
on a competitive basis on the following criteria: 

 level of activity and purposefulness; 

 motivation in the knowledge of technical 
sciences; 

 indicators of achievement in the exact 
and natural sciences. 

The project was based on the principles of 
equal access to technical education for 
students from large cities and small 
settlements, as well as for children with special 
educational needs. 

At the same time, volunteers were selected. 
So far, the project involved young graduates of 
the university (students, post-graduate 
students, young scientists) on different roles: as 
volunteers, mentors and their assistants. The 
work in the project, with the support of the US 
Embassy, had an impact on the responsibility 
of the youth at the university and on the 
additional motivation for further education at the 
technical field. The problem of the low 
popularity of technical sciences among 
schoolchildren was one of the main issue at the 
start of the project. The active engagement of 
students in the educational process during the 
Camp made it possible to implement the peer-
to-peer learning method, which undoubtedly 
affected the high level of motivation and 
creativity in implementing projects (student’s 
feedback comments). 

The camp was implemented in several 
stages, which had used both, intensive training 
and elements of game learning. The following 
activities have the most positive school 
student’s feedback: scientific quest, the 
presentation of their project and the Science 
Festival. The game activity allowed to change 
the notion of "boring and complex" for technical 
sciences. Almost all project participants 
reached the final stage, which indicates a high 
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foundations of STEM education in secondary 
schools. 

This gives serious hopes for the possibility 
of implementing such pre-university camps in 
technical and classical high schools on a 
permanent basis. 
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Abstract. For 15 years I have been a 
chemistry teacher at Municipal institution 
“Krasnorichensky Establishment of the General 
Secondary Education” of Lugansk region, 
Kreminsky district, village Krasnorichensk. I try 
to introduce chemistry as the “constructor” of 
chemical formulas, equation of react, to 
develop a science for children. I believe that 
implementation of various experiments is 
necessary part of education process. I give my 
children the possibility to experiment, to feel 
pleasure of reaction holding. 

We live in an incredibly interesting era, the era 
of change, and times of high information 
breakthrough technologies. The question of 
quality in the education system has always 
been the most actually. At the present stage, it 
understood as the level of subjective skills 
associated with self-determination and self-
realization of the individual. Knowledge 
acquired in the context of the model of future 
activity. 

As a teacher-practitioner with 15 years of 
teaching experience, I, every day, begin a 
lesson with the thought: “How to interest 
students in science?” and “How to “enchant” 
the students?” – since only motivated students 
can achieve high results! Fortunately, I have 
been teaching chemistry for many years – a 
science that can create miracles! 

During my work, I have accumulated my 
"luggage" of interesting experiments, which I 
demonstrating to interest pupils in science on 
lessons and after school. These experiments 
could selected in three "nominations": the 
magic of organic and inorganic compounds, the 
magic of household appliances. 

Keywords. Activity, Chemistry, Education, 
Experiment, Science. 

1. Introduction 

The purpose of article is generalization of 
approaches for realization of an experimental 

component of the chemistry in the course of 
basic general secondary education, formation 
of internal motivation of pupils to studying of 
chemistry as science. 

2. Nomination first "Magic of inorganic 
compounds" 

Pupils begin the acquaintance to chemistry 
with inorganic substances, which «magic» I, 
want expedient to open, through performance 
of the interesting experiments: "rustiness of a 
precipitate", growing "colloidal garden" or 
"chemical seaweed" from silicate glue and 
crystals of salts. Motivating to studying of the 
chapter "water", "mysterious hobnail" or "who is 
stronger", volcanoes of ammonium dichromate 
and soda (sodium carbonate hydrogen). 

For formation of steady interest there are in 
an opportunity educational projects that provide 
in course of chemistry [1]. In the seventh form – 
is "Chemicals around us" (pupils have an 
opportunity to investigate substances that meet 
every day or about which want to learn more), 
"Historical value of fire" (the subject allows to 
show connection of chemistry with other 
sciences, which contains high potential for 
integration to subjects). "The chemical 
phenomena in the nature", "The chemical 
phenomena in life", "Using of the chemical 
phenomena in art creativity and national crafts", 
"Substances and the chemical phenomena in 
literary works and folk art" (a big scope for 
creativity of pupils – from drawings, interesting 
stories, video-presentations to creation of the 
database of the chemical phenomena). To a 
course of chemistry of the seventh form, it 
brought some chapters, by what promotes 
formation of ecological competence of pupils, 
formations public positions "A problem of air 
pollution and ways of it solving" and 
"Improvement of an air condition in the 
classroom during the lessons", "Research of 
water quality from different sources". "The 
research of physical and chemical properties of 
water", "The ways of water purification", and 
"Maintaining purity of reservoirs: solving of 
problems in your area", and the eco-economic 
project "Keeping water – I save the family 
budget". 

In the 8th class subject of projects: "From 
the history of the Periodic Table opening", 
"Forms of the Periodic Table", "Chemical 
elements in literary works", "Interesting historic 
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scientific works will promote by all means 
formation of creative and extraordinary 
persons! 

5. References 

[1] Chemistry. 7-11 classes: training 
programs, methodical recommendations 
about organization of teaching and 
educational process in 2017/2018 
academic year. Kharkiv: Publishing House 
"Ranok", 2017. 

[2] Grygorovich OV. Chemical experiment at 
school. 7-11 classes. Vesta: Publishing 
house «Ranok», 2008.  

[3] https://en.wikipedia.org/wiki/Invisible_ink   

[4] Evseev RS. All interesting experiments. 
Chemistry. 10-11 classes. TORSING 
PLUS, 2006. 

  



 

80 

Explana
Color 

O And
Nationa
Polytec

a

Abstract.
demonstra
basic colo
developed 

To unders
mixing, wh
an enlarge
used and 
main elem
shown tha
numbers y
and satura

The featur
model are
paints. The
student is
multicolore
change as
visible ligh

At the end
and calibra
presented,
quantitative
fabric and 

Keyword
Colorimete

1. Introdu

mong t
mastering 
occupied 
phenomen
basic, dee
material, b
sensory-em
is, they ar
activity of a

One of 
is the mate
photodetec
aspects o

ation of t
r Mix in th

Ph

dreeva, A A
al Technica
chnic Institu
andreievao

. The 
ations that 
or mixing m
 simple colo

stand the f
hich is used
ed image 
the develo

ment of whi
at by sendin
you can get 
ations. 

res of the 
e clearly d
e achroma
s determin
ed strip, the
s in the qua
t. 

d of the art
ation proce
, which 
e composit
plastic. 

s. Color M
er. 

uction 

he various 
new mate

by demons
na and pro
ep percep
broaden th
mpirical bas
re an impo
a student. 

the elemen
erial “The h
ctor”, which

of a perso

Hands

the Basic
he Class

hysics 

Andreev, K
al Universi
ute», Khark
on@gmail.

article d
allow you

models, and
orimeter. 

features of 
d in self-lum
of the mon
oped blueto
ch is the R
ng a combi
the color o

subtractive
demonstrat
ticity of the
ed with th

e colors to w
asi-continuo

icle a deta
ess of the c
allows de
tion of the 

Mixing Mode

methods u
erial, a sp
strations of
ocesses. T
ption of th
e horizons
sis of know

ortant metho

nts of the “
human eye,
h examines
n’s vision, 

-on Scienc

c Models
sroom fo

K Minakova
ity «Kharki
rkiv, Ukrain
.com 

escribes 
 to show 
d presents 

additive c
minous obje
nitor scree
ooth lamp, 
RGB LED. 
nation of th

of different h

e color mi
ted by mi
e eyes of e
he help o
which smoo
us spectrum

iled descrip
color senso

etermining 
color of pa

els, RGB L

used for be
pecial place
f real phys
hey provid

he educatio
and creat

wledge [1], 
od of cogn

Optics” sec
, as a selec
s the phys

various c

ce. Innovat

s of 
or 

a 
iv 
ne  

the 
the 
the 

color 
ects, 
n is 
the 

It is 
hree 
hues 

xing 
xing 

each 
of a 
othly 
m of 

ption 
or is 

the 
aper, 

LED, 

etter 
e is 
sical 

de a 
onal 
te a 
that 

nitive 

ction 
ctive 
sical 
color 

mod

T
mod
abs
feat

2. D
m

T
the 

I
that
of c
visi
(me
wav

T
the 
whi
view
scre
strip
(wit
cas
the 
and
sum
the 

F

T
of th
mod
a w

I
cha
valu

ive Educat
© 2019

dels and the

Therefore, v
dels of colo
sorption of 
tures of the

Demonstra
models 

The most c
additive an

t is known 
t a normal 
cones sens
ble spectru

edium wa
velength). 

To demonst
addition of 
te monitor 
wed at high
een you ca
pes, which
thout magn
se, simultan

same inte
d sends a
mmarizes a

monitor scr

igure1. Add

The student
his model a
del, and the

white color.

n the d
aracterized b
ues - fro

tion in Scie
9 HSci. ISB

eir perceptio

vivid demon
or shift will 
the materia
color vision

ation of

common co
nd subtractiv

from a sch
human eye

sitive to dif
m: red (lon
ve) and 

trate an add
colors of se
screen [2

h magnificat
n clearly se
h, under 
ification), m

neously per
ensity with 
a signal t
all the infor
reen is whit

ditive model 
monitor s

t remember
are red, gree
e mixture of

digital wor
by saturatio
m 0 to 

ence and T
BN 978-989

on. 

nstrations o
not only im

al, but also
n of each st

f color 

lor mixing 
ve models [

hool biology
e contains t
fferent regi
ng wavelen

blue co

ditive mode
elf-luminous
2] is used
tion (Figure
ee red, blue
normal co

merge. The 
rceives all 
different w

to the bra
rmation and
te. 

(by the exa
creen) 

rs that the m
en and blue
f all these c

rld, each 
on, which ca

255. The

echnology
9-8798-06-0

of the basic
mprove the

o check the
tudent. 

mixing

models are
[2]. 

y course [3]
three types
ions of the
gth), green

olor (short

el based on
s objects, a
, which is

e 1). On the
e and green
onsideration

eye in this
the rays of

wavelengths
ain, which
d therefore

ample of a 

main colors
e - the RGB
colors gives

color is
an take 256
erefore, to

y 
0 

 

 

c 
e 
e 

g 

e 

] 
s 
e 
n 
t 

n 
a 
s 
e 
n 
n 
s 
f 
s 
h 
e 

 

s 
B 
s 

s 
6 
o 



Hands-on 
© 2019 HS
 

 
demonstra
digital form
developed
presented 

For mix
color with 
using signa
which is g
board (b
microcontr

F

The co
RGB LED
transistor 
switch), wh
each color
The lamp 
the help o
the App 
Bluetooth 
is sent to
microcontr

To dem
code is sen
the range 
that when 
brighter, a
componen
white. Puls
by looking
camera of

Science. I
Sci. ISBN 9

ate the addi
mat, an R
, the functi
on Figure 2

xing colors u
which the 
als with wid
generated 
based on
roller). 

Figure 2. RG

ntrol signa
D goes to 

operating 
hich allows 
r separately

is controlle
of a specia

Invertor 
module. Th
o the hard
roller. 

monstrate m
nt from the 
from 0 to 2
mixing col

and the s
ts of ma

se band mo
g at the lum
f the phone

nnovative 
78-989-879

itive color m
RGB blueto
ional diagra
2. 

used 30 W 
lamp is lit i
de-band pu
by the Ard
n the 

GB bluetooth

l of each c
the base 
in the key 
changing th

y (see Figur
ed by a sm

ally develop
2 environm

he value of 
dware seria

mixing color
phone, eac

255. The stu
lors, the re
sum of all
aximum sa
odulation ca
minous lam
e. The obse

Education 
98-06-0 

mixing mode
oth lamp 
am of whic

RGB LED. 
s controlled
lse modulat
duino Pro 
Atmega 

h lamp 

channel of 
of the bip
mode (po

he saturatio
re 2 blue co
martphone 
ped program
ment via 
the RGB c

al port of 

rs, a three-
ch of which 
udent obse
sulting colo
 three (R

aturation g
an be seen 
mp through 
erved imag

 in Science

el in 
was 

ch is 

The 
d by 
tion, 
mini 
328 

 

the 
polar 
ower 
on of 
olor). 
with 

m in 
the 

code 
the 

-digit 
is in 
rves 
or is 

RGB) 
gives 
only 
the 

ge is 

alte
diffe
colo

T
mod
of t
mai
obta
the 

O
colo
him
colo
Figu
are 
and
wav
(yel
mid
the 

F

S
mix
mod
satu

e and Tech

ernating strip
erent satu
or). 

To demons
del, ordinar
the student
in compone
ained by su
white color

On the ta
ors: blue, re

mself mixes
ors of the m
ure 3). Wh
a kind of l

d yellow pai
ve part of 
llow) - sho

ddle part of 
eye sees g

Figure 3. Su

Special atte
xture of the
del gives a
urated blac

hnology 

pes of the s
ration (see

trate the su
ry paints ar
t is focused
ents of this 
ubtracting th
r of the prim

ble have 
ed and yell

them to o
model: green
en it is abs
ight filter, t
nt, then the
the spectr
rt-wave. Co
the visible s

green paint. 

btractive m

ention is pa
e three mai
a color clo
ck. This ex

same color 
e Figure 

ubtractive c
re used. Th
d on the fa
 model are

he additive 
mary colors. 

glasses w
low. Next, t
obtain the 
n, orange, 
sorbed that
that is, if yo
e first cuts o
rum, and t
onsequently
spectrum re

odel (mixin

aid to the fa
in compone
ose to blac
xplains the 

81

tone, but of
2. orange

color mixing
he attention
act that the
e the colors
model from

with diluted
the student
secondary

purple (see
t the colors
ou mix blue
off the long-
the second
y, only the
emains and

g paints) 

act that the
ents of this
ck, but not
addition to

 

 

f 
e 

g 
n 
e 
s 

m 

d 
t 
y 
e 
s 
e 
-
d 
e 
d 

 

e 
s 
t 
o 



 

82 

the three p
model. To
student’s v
continuous
and determ
light shad
results of 
estimate 
spectrum, 
is, determi
or tertrochr

Figure 4. T

3. Design
tion 

Next, 
scientific a
correspond
which pro
three nu
componen

A budge
at the Dep
determine 
which is p
element o
TCS34725
photodiode
blue light f
sensor has
and it is 
integration
amplify the
case of w
sensor is 
Arduino U
of ambient
a protectiv
display inf
which disp
rectangle w
the object 

primary colo
o evaluate 
vision, he is
s spectrum 
mine the nu
es [4]. Fu
the calcu

in which 
which type
ne to the di
ramats the 

To determine

ned colori

students 
approach of 
ding instru
vide color 
umbers c
ts of the RG

et simple c
partment of 

the color, 
presented in
of the dev
5 [5], w
es of 3 eac
filters, and 3
s built-in ult

possible 
 time, whi
e signal an

weak illumin
controlled v
no board. T
t light on se
ve opaque
formation, 
plays three 
whose colo
under study

Hands

ors of the su
the chrom
 invited to s
of visible 
mber of ba

urther, depe
lations, it 

region o
e of cones w
chromates,
eye. 

e the chrom

imeter and

are introd
determinin

uments —
information

correspond
GB model. 

colorimeter w
Physics of 
the functio
n Figure 5.
vice is the
which con
h with red, 
3 without a 
traviolet and
to adjust 
ich makes 

nd accumula
nation of th
via the I2C
To eliminat
nsor data, i

e cylindrica
a TFT sc
RGB coor

or is similar 
y. 

-on Scienc

ubtractive b
aticity of e

study the qu
light (Figure
nds of diffe
ending on 
is possible

of the vis
work best, 
, trimchoram

aticity of vis

d its calib

duced to 
g color and

— colorimet
n by a se
ing to 

was develo
NTU "KhP

nal diagram
. The sens

e color sen
sists of 
with green 
light filter. 

d infrared fi
the gain 
it possible

ate it longe
he object. 
 bus using
e the influe
it was place

al housing. 
creen is us
rdinates an
to the colo

ce. Innovat

black 
each 
uasi-
e 4) 

erent 
the 

e to 
sible 
that 

mots 

 

sion 

bra-

the 
d the 
ters, 

et of 
the 

oped 
I" to 

m of 
sitive 
nsor 

12 
and 
The 
lters 
and 

e to 
er in 
The 
 the 

ence 
ed in 
 To 
sed, 

nd a 
or of 

F

I
dete
com
the 
of d
diffe
on 
satu
in 2
outp
wer
Bas
mic
the 
to 
dist
refle
dete
sho
on v

co

4. R

[1]

ive Educat
© 2019

igure 5. Col

n order fo
ermine th

mponents of
help of a m

different sat
erent color 
a color pr

uration (blu
25 steps fro
put signal 
re plotted o
sed on the 
crocontroller

output of t
RGB co

tinguish the
ection coef
ermined: p

ows exampl
various mat

Figure 6.
olorimeter: b

and ora

Reference

Kuzminsk
Knowledg

tion in Scie
9 HSci. ISB

or sensor a
colorim

or the colo
e coordin
f the model

monitor scre
turation tha
of the moni
rinter. In b

ue, green a
m 0 to 255
voltage of 

on the satu
data obtain
r was deve
the color se
oordinates 
e material o
fficients), th
plastic, pap
es of the w
terials. 

Examples o
blue and red
ange paper; 

es 

ky AІ. Peda
ge, 2005. 

ence and T
BN 978-989

and circuit d
meter 

or sensor t
nates of 
, it was cali

een of the t
at is illumina
itor screen 
both cases
and red) wa
. Dependen
each sens

uration for e
ned, a softw
eloped, whi
ensor to be

and au
of the obje
he color o
per, cloth. 

work of the 

of the work 
d plastic; wh
magenta fa

agogy in sc

echnology
9-8798-06-0

developed 

to correctly
the RGB

ibrated with
hree colors
ated with a
and printed
, the color
as changed
ncies of the
sor channel
each color.

ware for the
ch allowed

e converted
utomatically
ect (various
of which is

Figure 6
colorimeter

of the 
hite, green 
abric 

chool. Kiev:

y 
0 

 

 

 

y 
B 
h 
s 
a 
d 
r 
d 
e 
l 
. 

e 
d 
d 
y 
s 
s 
6 
r 

 

: 



Hands-on Science. Innovative Education in Science and Technology 
© 2019 HSci. ISBN 978-989-8798-06-0 
 

 

 

83 

[2] Ovchinnikov SS, Taryanik MM, Lutoy OV. 
Physiological optics and colorimetry. 
Kharkiv: KhNAMGU, 2011.  

[3] Sobol VI. Biology textbook. 8th grade. 
Kamenetz-Podolsky: Abetka, 2016. 

[4] Zavgorodnya NG, Sarzhevska LE, 
Ivakhnenko OM, Kostrovska KO, Bezugli 
MB, Mikhalchik SV. Anatomiya eye. 
Methodology in ophthalmology. 
Zaporizhzhya: ZDMU, 2017. 

[5] http://www.alldatasheet.com/datasheet-
pdf/pdf/894928/AMSCO/TCS34725.html  

  



 

84 

Creati
Trans
Dist

K Minak
1Nation
Polytec

2New Trie
friday

Abstract.
stage of s
education 
key device
[2] and st
modern tec
physics, o
and needs

The wo
implement
demonstra
beam to 
sound vib
consists 
transistor, 
modulation
beam and
operationa
beam at t
conducts d
low freque
The audio
audio outp

The develo
demonstra
work indep
devices an
laws of opt

Keyword
Modulation
Education,
Optics, Ph
Education,

1. Introdu

Today, 
developme
highly ski
sphere, wh
economic 
our state 

ng of ST
smission
ance Us

kova1, R Z
al Technic

chnic Institu
er High Sch
y.marjory.j

. The mai
sustainable 
in Ukraine 

es for dem
tudy of ba
chnical leve
ptics, is rat

s extreme te

ork prop
ation of a s

ation of the 
transmit in

brations, a
of a tran

which p
n of the inp
d a receive
al amplifier,
the expens
demodulatio
ency compo
o signal is 
put. 

oped set of
ation of whic
pendently b
nd master 
tical physics

s. Audio
n, Innova
, Laser B

hotodiode, S
, Transistor

uction 

Ukraine is 
ent and ne
illed speci
hich will be 
developme

in the n

Hands

TEM – Eq
n Inform
ing Lase

Zaitsev1, C 
cal Univers
ute», Khark
hool, Winn
johnes@gm

n task an
developme
[1] is the d

monstration, 
asic physica
el. One of th
ther difficult
echnical sup

poses th
set of devic

possibilitie
nformation,

at a dista
nsmitter b
performs t
put sound w
er based o
, which rec

se of the p
on with the
onent of the
amplified a

f devices is
ch students
by connecti

the basic 
s. 

o Output
ative Dev
Beam, Log
Sound Vibra
, Transmitte

on the pa
eeds a lar
alists in t
the key to 

nt and com
ear future

-on Scienc

quipment
ation on

er Beam

Chiaverina
sity «Khark
rkiv, Ukrain
netka, IL, U
mail.com 

d the pres
ent of STE
developmen

populariza
al laws at 
he key area
t to underst
pport. 

he techn
es for a sim

es of an op
for exam

nce. The 
ased on 
the amplit
wave in a la
on a two-st
ceives a la

photodiode 
release of

e sound wa
and fed to 

s a fairly sim
s will be abl
ng their so
principles 

t, Amplit
velopment 
gical Think
ations, STE
er. 

ath of inten
rge numbe
the innova
the succes

mpetitivenes
. One of

ce. Innovat

t: 
 

a2 

kiv 
ne 
USA 

sent 
M – 
nt of 
ation 

the 
as of 
tand 

nical 
mple 
ptical 
mple, 

set 
the 

tude 
aser 
tage 
aser 
and 

f the 
ave. 
the 

mple 
le to 
ound 

and 

tude 
of 

king, 
EM – 

nsive 
r of 

ation 
ssful 
ss of 

the 

dire
edu
thro
and
pro
STE
mos

2. O

T
dev
bes
the 
imp
dem
inde
and
opti

3. A

T
imp
dem
bea
sou

T
perf
inco

ive Educat
© 2019

ections of 
ucation is 
ough which 
d technical
blems, be
EM-educati
st pressing 

Objective

The purpos
velop and im
sides, non-s

possibilities
plementation
monstration
ependently,
d master th
ical physics

A simple d

The pape
plementation
monstration 
am to tran
und vibration

Figure 1. A

The setup 
forms the 
oming soun

tion in Scie
9 HSci. ISB

innovativ
the system
children de

l literacy, 
ecome in
on will stre
problems o

se of the 
mplement a
standard de
s of light. A
n was 
, from whic
 connecting

he basic p
s. 

demonstra

er propos
n of a set o
of the pos

nsmit inform
ns, at a dist

Appearance 
connecting 

consists o
amplitude

nd wave in 

ence and T
BN 978-989

ve develo
m of traini
evelop logic

learn to 
nnovators, 
engthen and
of the future

work was
a simple, pra
evice for dem
A basic requ

a fairly
ch students 
g their soun
rinciples a

ation 

ses the 
of devices f
ssibilities of
mation, for
tance. 

of the set (w
g cables) 

of a trans
e modulatio
a laser bea

echnology
9-8798-06-0

opment of
ing STEM,
cal thinking
solve the
inventors.

d solve the
e. 

s to offer,
actical and,
monstrating
uirement for
y simple
could work

nd devices,
nd laws of

technical
or a simple
f an optical
r example,

without 

smitter that
on of the
am and the

y 
0 

 

 
f 
, 

g 
e 
. 

e 

, 
, 

g 
r 
e 
k 
, 
f 

l 
e 
l 
, 

 

t 
e 
e 



Hands-on 
© 2019 HS
 

 
receiver, w
expense 
demodulat
frequency 
audio sign
output. Th
Figure 1. 

The t
amplitude 
in a laser b
S8050 con
initial state
of the tran
that the co
the laser L

The inp
constant a
capacity of
voltage on
subtracted

The a
modulation
light on 
constant v
transmitter

Figure 

This blo
implement
shown in F

To ensu
device, the
is carried 

Science. I
Sci. ISBN 9

which recei
of the ph

tion with t
component

nal is ampli
e appearan

ransmitter, 
modulation

beam, is ba
nnected to w
e, the refere
nsistor Q1 is
ollector trans
LED D2 emi

put signal 
nd low-freq
f C3 and th
n the basis
 in the antip

above lea
n of the rad
the backg

value. The 
r unit is sho

2. Principal
trans

ock based 
ed, the loc

Figure 3. 

ure ease of
e power sup

out at the

nnovative 
78-989-879

ives a lase
hotodiode 
the releas
t of the sou
fied and fe

nce of the s

which 
n of the inp
ased on a bi
work in activ
ence voltag
s balanced 
sition is par
ts light at ha

is first filt
quency com
en added to

s of the tra
phase).  

ads to t
diation pow
ground of 
schematic 
wn in Figur

 electrical c
mitter unit 

on the port
cation of th

f use and p
pply to the 
e expense 

Education 
98-06-0 

er beam at 
and cond
e of the 
und wave. 

ed to the a
set is show

performs 
ut sound w
ipolar trans
ve mode. In
ge on the b

in such a 
rtially open, 
alf the powe

tered from 
mponents by

o the refere
ansistor Q1

he amplit
wer of the la

its refere
diagram of

re 2. 

circuit of the

table batter
he element

portability of
transmitter 

of two L

 in Science

the 
ucts 
low 
The 
udio 

wn in 

the 
wave 
istor 

n the 
basis 
way 
and 

er.  

the 
y the 
ence 
 (or 

tude 
aser 
ence 
f the 

 

e 

ry is 
ts is 

f the 
unit 

i-ion 

rech
of 
pow
batt
pow
Figu
step
inpu
outp
unit

Figu

T
at t
dem
freq
mad
(OA
the 
sep
resi
stea
the 
pho
con
filte
resu
inpu
is n
sou
will 
R3 
will 
the 
lase
valu
vary

e and Tech

hargeable b
3.7-4.2V. 

wered by U
teries. Alon

wered, as c
ure 2, from
p-up voltage
ut voltage a
put 9V. The
t is shown in

ure 3. Placin

The receive
he expense

modulation 
quency com
de on the 

A) LM386. I
D3 photo

paration betw
istor and 
ady-state vo

photodio
otodiode a
nsecutive C
ers the con
ult, in the 
ut OA signa
no amplifie
urce is rece

result in a
resistor and
also be sta
case of an

er beam w
ue of the vo
y with the

hnology 

batteries wi
The batte

SB, is used
ng with this
can be see
the voltage

e regulator 
at the speci
e general v
n Figure 1 o

ng elements

er, which re
e of the pho

with the 
mponent of

basis of a
n the initial

odiode depe
ween the b
the photo

oltage and 
ode. Howe
and non-i

C4 capacita
nstant curre

original sta
al is absent,
d output s

eived at a c
 voltage im
d the photod
ationary and
n incident l
with amplit
oltage on th
e backgrou

ith a standa
ery charge
d to safely 
s, the laser
en from th
e 9V. For it
is used, wh
ified level o
view of the 
on the right

s of the tran

eceives a l
otodiode an

release o
f the sound
an operatin
l state, the 
ends on t

battery betw
odiode D3,

current are
ever, betw
inverting 
ance is inc
ent compon
ate, the no
, and as a r
signal. If th
constant int
mbalance be
diode D3, b
d will be filte
light flux, s
tude modu
he photodio
und of the

85

ard voltage
er module,
charge the

r module is
e circuit in
ts power, a
hich has an
of 3-5V and

transmitter
. 

smitter unit

laser beam
nd conducts
of the low
d wave, is

ng amplifier
voltage on

he voltage
ween the R3

 thus the
e formed on
ween the
input OA

cluded that
nent. As a
on-inverting
result, there
he D3 light
tensity, this
etween the

but its value
ered out. In
uch as our

ulation, the
ode D3 will
e constant

 

5 

e 
, 
e 
s 
n 
a 
n 
d 
r 

 

t 

m 
s 
w 
s 
r 
n 
e 
3 
e 
n 
e 
A 
t 

a 
g 
e 
t 
s 
e 
e 
n 
r 
e 
l 
t 



 

86 

componen
componen
inverting in
supply from
after the fi
enter the a
circuitry of
4. 

Figure 

This un
transmitter
portable b
shown in F

Figure 5. P

Power s
out at the 
standard 
charging o
module m
demodulat
the batter
separate v
the transm
left. 

t. The 
t will be 

nput OA, am
m the batte
iltering of t
audio outpu
f the receiv

4. The basic
rece

nit is impl
r, on the b
attery, the 

Figure 5. 

Placement o
the 

supply to th
expense of
voltage o
of the bat
odule is us
tor works s
ry pack a
voltage regu
mitter unit is 

Hands

high-freque
interrupted

mplified by t
ery, and the
he C9 OA 
ut. The prop
er unit is s

c circuit dia
eiver unit 

lemented, 
basis of the
placement 

of elements 
receiver 

he receiver
f one Li-ion

of 3.7-4.2 
ttery, the 
sed. The la

stably from 
and does 
ulator. The g

shown in F

-on Scienc

ency volt
 by the n
the OA's po
e output sig
own noise

posed princ
hown in Fig

agram of the

similar to 
e case from
of element

of the block

r unit is car
n battery wi

V. For s
USB charg
aser wavef
the voltage
not require
general view
Figure 1 on

ce. Innovat

tage 
non-
ower 
gnal 

e will 
ciple 
gure 

 

e 

the 
m a 
ts is 

 

k of 

rried 
ith a 
safe 
ging 
form 
e of 
e a 
w of 

n the 

4. C

I
the 
the 
equ
unit
dem
for 
a so
mus
use
com
eve

T
dem
bea
exa

5. R

[1]

[2]

ive Educat
© 2019

Conclusio

n practical 
sound sign
audio outp

uipped with 
t is equippe
monstration 
the use of 
ound source
sic that the

ed. As soun
mputer spea
ery class. 

Thus, a s
monstration 
am is use
ample, soun

Reference

Minakova
Tomashe
Education
"Kharkiv P
Increase 
Technical
Advancing
Costa MF
JM (Eds.)
Barcelona

Minakova
"Street C
settled at 
"Kharkiv 
Science. 
Education
Fernánde
University
2018. 

tion in Scie
9 HSci. ISB

ons 

use of the
nal can be 
put TRS (t
a TRS co

ed with a sim
of the dev

additional s
e, a smartp
ey like exa
nd reproduc
akers that a

set of dev
of the pos

ed to trans
nd vibrations

es 

a K, Petro
vskyi R. In
n in Nationa
Polytechnic 

the Popul
 Sciences
g Science. 
F, Dorrío B
), 72-74, Un
a, Spain, 20

a K, Petrov 
Chemistry" 

the Nationa
Polytechnic
Advancing

n. Costa 
ez-Novell 
y of Barcelo

ence and T
BN 978-989

e set as the
used any d

the transm
onnector), th
milar outpu
vice, there 
specific equ
phone for st
actly to the
cers, you ca
are availabl

vices for t
ssibilities of
smit inform
s, at a dista

ov S, Ra
nquiry Base
al Technica
c Institute" a
larity of N
. Hands-on
Improving 

BV, Fernán
niversity of 
018. 

v S, Radog
and "Stree
al Technica
c Institute".
g Science. 

MF, Do
JM (Ed

ona, Barcelo

 

echnology
9-8798-06-0

e source of
device with
itter unit is
he receiver

ut. Thus, for
is no need

uipment. As
udents with
em can be
an use any
e in almost

the simple
f an optical
mation, for
ance. 

adoguz S,
ed Science
l University

as a Way to
Natural and
n Science.
Education.

ndez-Novell
Barcelona,

uz S. How
et Physics"
al University
. Hands-on

Improving
orrío BV,
s.), 354,
ona, Spain,

y 
0 

 

 

f 
h 
s 
r 
r 
d 
s 
h 
e 
y 
t 

e 
l 
r 

, 
e 
y 
o 
d 
. 
. 
l 
, 

w 
" 
y 
n 
g 
, 
, 
, 



Hands-on Science. Innovative Education in Science and Technology 
© 2019 HSci. ISBN 978-989-8798-06-0 
 

 

 

87 

“Computational Tinkering”. An 
Educational Project for the XXI 

Century Children in Northern Italy 
Primary Schools 

M Ballatore1, C Ginzburg2, C Ricci2, 
M Moschella3 

1MUSE-Science Museum, Trento, Italy 
2Xké? Il laboratorio della curiosità - Science 

Center, Torino, Italy 
3University of Bolzano, Bressanone, Italy 

manuel.ballatore@muse.it 

Abstract. During the school year 2018-2019, 
MUSE-Science Museum of Trento and Xké? 
Science Center of Torino led an experimental 
project on transitioning tinkering to school. 70 
teachers have been engaged in training 
sessions and classes provided with specific 
tools and materials (KITs to be shared as in a 
library), then each teacher ran a year-long 
program with their students. The paper 
describes the activity designed to integrate the 
informal approach of tinkering in the formal 
context of primary school, and discusses the 
most relevant aspects of learning, activity 
design and innovative education, considering 
the alliance between museums and science 
centres with schools. 

Keywords. Tinkering, Learning-by-Doing, 
Soft-Skills, Computational Thinking, Coding, 
BBC Micro:bit, Primary School, STEAM, Italy, 
Museums and Science Centre. 

1. Introduction 

The project “Computational tinkering” aims 
to develop tools and practices to foster the 
diffusion of a tinkering approach into primary 
schools as a year-long program organized by 
the teachers. After tinkering experiences inside 
museums and science centres, the experience 
has been transferred as a new tool available for 
teachers who manage and facilitate the activity 
with their classes. Teachers’ engagement and 
the museum’s central role as a reference point 
for training and mentoring, along with materials 
and devices supply, are the crucial aspects 
allowing a broad impact over a large scale. The 
project comprehends basic tinkering activities, 
focused on everyday materials manipulation 
and assembly, linked with electronics and 
coding, thus providing an in-depth and 

advanced STEAM setting – the main focus is 
on teachers’ training in order to contribute with 
the tools to use confidently tinkering as a 
learning approach.  

The project “Computational tinkering” comes 
after a two-year experimentation (Project “Be 
Wise” 2016-2018) carried out by Xké? Science 
Center and the primary school “De Amicis” in 
Torino that allowed us to fine-tune a guide to 
organize a tinkering program at school (KIT A) 
and test the feedback of teachers. Then the 
project has been extended, including electronic 
devices and coding (KIT B and C), in 
collaboration with Riconnessioni. Finally, the 
whole project “Computational tinkering” has 
been run with more than 70 teachers in two 
different areas in northern Italy: the province of 
Torino and the Autonomous Province of Trento. 
In Trento, we took the opportunity of the project 
for a deep focus on evaluation and developing 
tools for assessing the impact of tinkering 
activity on learners. In collaboration with the 
Education Department of the Free University of 
Bolzano, we have planned a specific research 
design, based on observations during tinkering 
activities in classes, focus groups with teachers 
and informal interviews with students. 

1.1. Museums and Science Centres’ 
commitment to sustainability and 
education 

MUSE-Science Museum is engaged in 
science education and communication, and 
since 2017 has oriented its activity around the 
UN 2030 Agenda (New York 2015) firmly 
declaring its commitment toward the 17 SDGs 
(as many science centres and science 
museums all around the world, Tokyo Protocol 
2017). The project represents the opportunity to 
give concrete implementation in the SDG4 
(Quality education) and particularly, the focus 
on computational tinkering fits with SDG5 
(Gender equality) and SDG9 (Industry, 
innovation and infrastructure). This 
engagement is a small step toward a new 
generation of smart citizens, capable of 
adapting to a changing world. 

Tinkering, as well as making, is 
characterized by interdisciplinarity with specific 
reference to STEAM (instead of STEM, [1-2]) 
also thanks to the current link with 
computational tools and therefore the 
intersection between virtual and physical worlds 
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[3-5]. Thus computational tinkering is a way to 
engage young students with science and 
providing them with a deep learning 
experience. According to literature, tinkering 
activities can be used to support deep learning 
[6-7] and moreover, through this approach we 
hope to increase interest in science in young 
students so that they would like to do science 
[8]. 

2. What is tinkering? 

Tinkering is an informal learning approach, 
here applied in a formal context, totally focused 
on learners, project-driven and based on 
curiosity, experience and creativity. It is more 
than learning by doing, and we strongly believe 
that it is mainly “thinking with your hands” [9] 
since reflection is a fundamental aspect of the 
learning process. Through manipulation, 
design, attempts and changes, during individual 
or collective dynamics, students reach their 
goals autonomously and according to their own 
time, by understanding scientific phenomena 
and developing soft skills, scientific literacy, 
computational thinking and reflective attitude. 
For example, students may have the idea to 
build a tower placing a (heavy) glass tin on a 
long cardboard tube but then facing the 
problem of stability of the structure. Therefore, 
they have to try different possibilities to solve 
the problem and decide if the original idea has 
to be kept or either rejected. Petrich et al. [10] 
consider the process of becoming “stuck and 
unstuck” at the heart of tinkering. In this way, 
they discover properties of materials or 
phenomena, being proud of what they learn, 
and develop soft skills and social scaffolding. 

According to Resnick and Rosenbaum a 
reliable source, “the tinkering approach is 
characterized by a playful, experimental, 
iterative style of engagement, in which makers 
are continually reassessing their goals, 
exploring new paths, and imagining new 
possibilities. (…) Is well aligned with the goals 
and spirit of the progressive-constructionist 
tradition—and, in our view, it is exactly what is 
needed to help young people prepare for life in 
today’s society” [11]. 

Martinez and Stager [12] consider making, 
tinkering and engineering as three “ways of 
knowing” characteristic of the constructionist 
approach. Making is described as the active 
construction of a planned “product”, while 

tinkering is depicted as a “mindset” based on a 
playful approach that implicates problem-
solving through “direct experience, 
experimentation, and discovery.” Today is 
common to consider making focused on 
“product” and tinkering focused on “process”, 
even if it is often reported that tinkering is a 
branch of making [10, 12-13] since making 
refers to a broad “class of activities focused on 
designing, building, modifying, and/or 
repurposing material objects, for playful or 
useful ends, oriented toward making a product 
of some sort that can be used, interacted with, 
or demonstrated” [5] while tinkering is 
characterized by “improvisational, creative 
problem-solving” [15]. We can consider making 
related to artefact and object, therefore on what 
to make while tinkering is more concerning the 
process or how to make and also why building 
something (personally meaningful). As reported 
by Bevan at al. [13] “at the heart of tinkering is 
the generative process of developing a 
personally meaningful idea, becoming stuck in 
some aspects of physically realizing the idea, 
persisting through the process, and 
experiencing breakthroughs as one finds 
solutions to problems”. 

2.1. Tinkering at school 

Transitioning tinkering to school allows 
setting long-term activities with students that 
have the opportunity to stay in the tinkering 
space/activity for several times during the 
school year. So, at school, the tinkering 
experience can persist in time. This aspect 
represents a key factor expanding the time 
students can tinker in a periodic event, like 
other school classes. Differently from the 
museum setting, one-time drop-in visitors, 
school classroom setting allows pupils to build 
a long practice of tinkering. Teachers and 
external observers can see changes or 
improvements over time, and which resources 
students bring from school discipline into the 
tinkering activity and vice versa.  

The project “Computational tinkering” is an 
opportunity for teachers to try a facilitator-like 
approach, design new educative strategies and 
observe new learning outcomes, keeping the 
freedom of students and therefore engaging 
them personally and by meaningful 
experiences. Students learn how to use 
different materials and devices by themselves, 
then create a personal and meaningful project 
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(testing and facing problems and challenges). 
Finally, they report to the group the results they 
gained, the problems and the solutions, the 
process and the decisions. 

Tinkering is entirely new in Italian schools, 
Vossoughi and Bevan [15] report that the main 
focus of educational application of making and 
tinkering is on middle and high school, little 
research is available on younger children [2, 7, 
16-17], in this sense we believe our project 
covers a relevant topic in the field of nowadays 
science education. 

The relevance of making and tinkering in the 
educational field is not under discussion [6, 12-
13, 18-20] and it is widespread in out-of-school 
time settings such as museums, science 
centres and maker spaces, after-school 
programs and libraries [5, 15, 21-23]. The 
project “Computational tinkering” is about the 
integration of tinkering activities in school. The 
purpose is not to set activities where students 
can make something without a learning 
experience, this is not new in the Italian school 
system, but to use tinkering as an educational 
approach with consistent learning outcomes 
[11]. 

3. “Computational tinkering” project 
3.1. Activity design 

In order to bring tinkering at school, with the 
idea it should be a permanent activity 
organized by the teachers during the whole 
school year, we developed a guide that 
maintains the open-ended nature of tinkering. 
The structure is based on a circular and 
iterative scheme of five phases: exploration, 
creativity, sharing, experimentation, and 
sharing again (Figure 1). The tinkering program 
should be introduced to students with a title or 
slogan (e.g. “think with your hands”, “objects’ 
infinite possibilities”) and students should know 
they will create something. 

3.1.1. Explore (discover, learn, imagine) 

Students can discover objects and materials 
through free manipulation, testing different 
physical properties. They can explore 
individually or in small groups, try to figure out 
how to manipulate objects and material (they 
know they will use them for a project). They can 
test the behaviour in water and air, can analyze 

what happens with light and so learn useful 
characteristics. 

Teachers are free to prepare a more 
structured exploration designing specific 
protocols and reporting sheets. 

3.1.2. Create (plan, create, test & change) 

Students work in groups on a project. Taking 
inspiration from objects or materials they liked, 
or topics they learn from classes. The activity 
can be free or, at teacher discretion, oriented 
on a general theme (e.g. sport, animals, space, 
city). They have to start with a blueprint, in 
order to make firm the initial decision. It is not a 
constraint, will help students understanding the 
process that will guide them from the first plan 
to the result (this will be for sure very different 
from the blueprint). It could be a title and a list 
of materials, a rough sketch or something more 
complex. After that, the group begins realizing 
the project. Many problems will arise, and 
unexpected solutions they had never thought 
before will occur. The initial idea can change 
little or completely, and the work ends when the 
time is over. Time is the only constraint. If 
someone believes having completed the project 
and there is some time left, the teacher should 
invite to improve or extend. As claimed by 
Bevan et al. [24] “the endpoint is unknown and 
emergent”. 

3.1.3. Share 

A collective reflection is needed in order to 
share the results: both the project they had 
realized and the process that led to the final 
object. Students also share feeling, discoveries, 
problems, solution and further ideas if 
something has been left uncompleted. This 
reflection helps “cross-pollination of ideas” [10] 
and forces the students to retrace the history of 
their artefacts. 

3.1.4. Experiment (improve, modify, redo)  

Students work in groups on one of the 
projects someone else had realized. They have 
to overcome any bond with their project and 
begin again in the building activity, taking 
inspiration from their experience and the object 
they inherit (it can be completely transformed, 
or improved, connected with others). This 
phase helps students focusing on the process 
and not on the product. They can try solving 
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and retrace the process that led them to the 
final result. 

3.2. Structure of the project 

The project involves primary school teachers 
in setting up a permanent tinkering program at 
school, during the whole school year. The 
project comprehends three steps with an 
iterative design: basic tinkering activities, 
focused on simple materials manipulation and 
assembly (KIT A), linked with electronics 
devices (KIT B) and coding (KIT C), thus 
providing an in-depth and advanced STEAM 
setting. 

Teachers are trained on tinkering and 
receive a first set of materials to work with the 
students (KIT A, which contains samples of 
objects of different materials: cardboard toilet 
paper rolls, plastic bottles, cans, egg boxes, 
caps and corks…) in order to experience what 
is tinkering and become comfortable with the 
approach.  

After the first cycle of activity with KIT A, 
teachers pass to KIT B that contains electronic 
devices (lamps, LEDs, motors, buzzers, 
batteries, cables…). Teachers receive specific 
training through videos and a guide than can 
run the activity with the students. In phase 1, 
they explore the new materials discovering how 
they work. It is crucial that the teacher does not 
teach them how to turn on a lamp, they can 
discover by themselves just tinkering with the 
materials, trying different possible connections. 
Then they move to phase 2, setting a new 
blueprint for a new project using the material of 
KIT A+B and finishing with phase 3. 

Finally, coding is added. KIT C contains 
BBC micro:bit that allows to programming the 
devices of KIT B in a quite easy and intuitive 
online programming space. Teachers received 
specific training and a guide to the new 
contents. During phase 1, students are invited 
to explore the different instructions set and 
resources of the program, testing the tangible 
connections and the practical outcomes on the 
micro:bit. Then they move on to phase 2 using 
the whole materials available (KIT A+B+C) and 
finishing with phase 3 (Figure 2). We suggest 
kit A and B from grade 1st, and kit C from grade 
3rd but teachers are free to decide depending 
on their students’ attitude. 

3.3. Tools and approach 

In KIT A, containing a selection of everyday 
materials, we suggest to think about 3 
categories: objects (cans, bottles, egg boxes… 
- that represent a variety of materials: plastic, 
paper, cardboard, metals, fabric, glass…), 
connectors (glue, twine, rubber band, tape – we 
discourage hot glue guns), and tools (scissors, 
stapler, ruler…). However, we also underline 
that any category is not a constraint, and 
creativity may transform a tool into an object 
(e.g. glue’s container is a plastic cylinder) or a 
connector can become a tool (e.g. using twin to 
take a measure), encouraging the possibility to 
use any object in a variety of ways. In KIT B, 
we choose a selection of electronic devices in 
order to provide different type of lighting objects 
(LEDs and bulbs), sound-producing device 
(buzzer) and motion (motors and servos). We 
want to keep a twofold level of devices, 
providing both raw materials (cables, bulbs, 
batteries) and high tech devices (crocodile 
leads, crumble components including bulbs, 
buzzer, switches, batteries pack), these can be 
easily connected with KIT C which provides 
BBC micro:bit. 

KIT A is a sample of playful materials, 
intended to inspire teachers and students for 
collecting other materials. Each class receives 
a dedicated KIT A. On the contrary, KIT B and 
C are provided in the form of a library loan: 
each class can borrow the KIT B only after 
having completed the session with KIT A, and 
should give it back to us when the activity is 
concluded.  

The idea of KIT’s library responds to the 
need to provide specific devices (KIT B and C) 
to teachers. However, the topic of the tool set is 
delicate. Great enthusiasm lies in “special” 
devices that characterize making and tinkering 
space (from hot glue guns to 3D-printers and 
programmable robots) but as Martin [5] argues, 
“there is a distinct danger that its incorporation 
into school settings will be tool-centric and thus 
incomplete”. He refers to the importance of 
keeping in mind three fundamental elements 
that should be integrated: tools, community and 
mindset. In other words, “designing contexts for 
tinkerability is as important as designing kits for 
tinkerability” [11]. Similarly, Bevan et al. [24] 
when pointing out suggestions to bring tinkering 
to school underline: “Don’t equate making with 
tools alone - Although high-powered tools can 
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we do not show any examples of objects to the 
students. Even if it seems to be successful in 
museums settings, we believe students can 
find enough inspiration from the materials and 
later (since the activity lasts for the whole year) 
they can take inspiration from others and see 
examples realized by peers (actually they can 
work on some particularly inspiring examples – 
phase 4). However, in the end they have to 
disassemble, in a way that defines all the 
concrete results in a temporary dimension. The 
whole tinkering experience begins without 
previous creations (provided examples) and 
finishes without any “beautiful objects”. It starts 
from the materials and goes back to them, in a 
very circular pattern, also related to the theme 
of recycling and reuse. This also reinforces the 
need for proper documentation (photo, video, 
poster) that can remind the process instead to 
keep the artefacts (that are not representative 
of the process at all). 

Finally, our research will provide a skill grid 
that will integrate the Tinkering Learning 
Dimensions Framework [13], which is based on 
observation in the museum setting instead of 
school. It answers the question “it looks like 
fun, but are they learning?” [10], which sounds 
much more relevant in the school context than 
in informal settings. A one-year program guided 
by the teacher is far from any after-school 
program led by the museum’s facilitators or 
activity in a tinkering space inside museums. 
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Abstract. The article presents a detailed 
description of an available compact measuring 
complex for studying the magnetic field of 
conductors with different currents based on the 
ATmega 328 microcontroller. 

The conductor is fixed on the tablet (horizontal 
surface with a hole system containing a digital 
magnetic field sensor) with a thermoplastic 
adhesive. This makes it possible to investigate 
the magnetic field of not only closed circuits 
with a current of various geometric shapes, but 
also individual sections of the conductor. The 
use of a microcontroller allows to reduce the 
error of the obtained experimental results by 
automated repeated repetition of 
measurements and their subsequent 
averaging.  

With the help of the developed complex, the 
Biot-Savart-Laplace law and the principle of 
superposition of the magnetic field for circular 
currents of different diameters, with different 
currents flowing through the circuit were 
verified using a graphical method.  

It is established that the error of measurements 
of current strength and magnetic field induction 
does not exceed 10%. 

Keywords. Microcontroller, Conductor, 
Circular Currents, Measurements of Current 
Strength, Biot-Savart-Laplace Law, Magnetic 
Field. 

1. Introduction 

Comprehensive knowledge of any physical 
phenomenon is achieved by observations and 
experiments with the unification of thought, 
word (record) and action. At the same time, the 
majority of school graduates, formulating laws 
and remembering various definitions, can 
hardly explain the simplest physical 
phenomena, that is, they do not possess the 
techniques of experimental work. 

To get a complete picture of the phenomena 
being studied, young experimenters need to: do 
their own experiments, conduct observations, 
measure, etc. A student can go through all the 
stages of quantitative cognition of a 
phenomenon by performing independent 
laboratory work, in which mental activity is also 
accompanied by the activity of the organs of 
movement (motor). 

The main components of magnetostatics are 
the law of Biot - Savart Laplace and the 
principle of superposition of the magnetic field 
[1], which allow to determine the force vector 
characteristic of the magnetic field (induction) 
of a conductor with a current of arbitrary 
geometric shape. 

Therefore, the developed measuring complex 
will allow the student to verify in practice the 
basic laws of the magnetic field, and will also 
contribute to the formation of stable judgments 
about the phenomena studied. This will allow to 
get away from the formalism in the study of 
physics and magnetostatics in particular.  

2. Designed laboratory setup 

To study the magnetic field created by 
closed circuits and individual sections of 
conductors with current, a setup was developed 
consisting of two main components: a tablet 
and a measuring unit (Figure 1). In the center 
of the tablet, made of PCB, is a digital magnetic 
field sensor LSM303C [2]. The investigated 
conductor with current (CC) is fixed on the 
tablet with the help of thermoplastic glue; 
previously the contours of the conductor are 
applied with a marker. The ends of the 
conductor are threaded into one of the holes 
located on the surface of the tablet and are 
connected by connectors to the measuring unit. 

The measuring unit (see Figure 2) contains: 
an ATmega 328 microcontroller (MCU), an 
analog current sensor ACS712 [3] (CS), a 
digital-to-analog converter (DAC), a voltage-
current converter (CVC), a joystick control (J) 
and a liquid crystal screen (LCD), which 
displays: a module and three projections of the 
magnetic field induction vector, the current 
flowing through the conductor and the current 
adjustment step. The digital magnetic field 
sensor (MS) and the DAC are connected to the 
ATmega 328 via the I2C bus. The power supply 
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Abstract. The paper proposes a practical 
cycle of classes on electricity at school. The 
main goal of these classes is to form students' 
interest in physics and electronics, as well as 
acquaint them with the basics of building 
electrical circuits and their main components. 

Keywords. STEM Education, Entertaining 
Circuitry, Practical Electricity Classes with 
Schoolchildren. 

1. Introduction 

Currently, the highest priority is STEM 
education, which covers the natural sciences, 
technology, engineering and mathematics [1-2]. 
The STEM learning space is a combination of 
new teaching technologies and flexible learning 
environments, and is designed to arouse 
children's curiosity and provide them with 
interesting learning materials. The main 
difference of the STEM approach is that 
children use their brains and their hands to 
successfully study a variety of subjects. 
Important components are self-preparation and 
the ability to work in a team. 

As part of the implementation of STEM 
education in elementary school (grades 2-4), a 
practical cycle of classes in electricity is 
offered. 

2. Practical classes on electricity with 
students 

For classes use notebooks printed in them 
assembly electrical circuits. There are more 
than twenty different schemes with a 
description of the devices in which they can be 
used, as well as with the description, in a form 
accessible to children, observable physical 
phenomena, or phenomena on which the work 
of the components of the scheme is based. In 
addition, instructions for work and various clues 
are placed in notebooks, each work contains 
test questions and tasks for self-preparation. 

In addition to notebooks, before each work, 
children receive a corresponding set of 
components used in the circuit, a conductive 
copper tape, a power source (3 V) and the 
simplest device for checking the presence of 
voltage in different parts of the circuit to be 
assembled. This device consists of a wire, 
colored needle tips, and an active buzzer that 
beeps when voltage is present. 

On the assembly of one scheme, there are 
several classes. At the beginning of each 
lesson, the teacher works with the whole class: 
talks about a new electrical circuit; discusses 
issues that arise when assembling circuits; 
checks the performance of tasks for self-
preparation. After this, the class is divided into 
groups of four people and the practical part of 
the lesson begins. Children distribute the 
responsibilities of each of the group members 
and start work; in the next classes, the duties 
are redistributed, which allows everyone to 
express themselves in different types of work. 

Assembling the circuit is as follows. Cut off 
the pieces of copper tape of the required 
length. One side of the adhesive tape is 
dielectric sticky, the second is copper 
conductive. The adhesive side is glued to the 
paper, the components of the circuit and the 
power source are fixed on the conductive side, 
according to the assembly diagram, instructions 
for work and prompts. Copper tape is also used 
for fastening. The presence of voltage in 
different parts of the circuit, during assembly, is 
monitored by a device with a buzzer. 

At the first lessons of this cycle, a galvanic 
battery GB (3 V) is used as a power source. 
Subsequently, children are introduced to 
renewable energy sources - solar batteries, in 
addition, ionistors (electrolytic capacitors with 
high capacitance) are proposed to use as 
accumulators of electrical energy [3].  

Children assemble a simple device 
consisting of solar batteries and connected to 
them for charging ionistors (10 F). Later in the 
classroom, ionistors are used, which the 
children, if necessary, charge and use as a 
power source. 

The proposed schemes in the classroom are 
arranged in a sequence from simple to 
complex. Simple schemes are replaced by 
more complex, in addition, in each work uses a 
new element in the scheme, with which you can 
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create more complex devices. For example, 
Figures 1 and 2 show electric flashlight circuits, 
the first one uses the usual red LED HL1, the 
second uses the RGB LED, which can emit 
different colors: the three primary colors and 
their combinations depending on the position of 
the S1 - S3 switches. 

 

Figure 1. Flashlight 

 

Figure 2. Multicolor flashlight 

3. Conclusions 

The idea of using copper conductive tape for 
building electrical circuits is not new, there are 
similar kits for sale [4]. The originality of this 
work is as follows: 

 it is proposed to use copper conductive 
tape for assembling electrical circuits in 
notebooks (electricity on paper) during 
the practical training cycle in elementary 
school as part of the implementation of 
STEM education; 

 describes the general algorithm for 
conducting classes in the classroom, 
the proposed work of children in groups 
of four with the distribution of 
responsibilities and the interaction of 
group members. This approach is 

necessary for the development of 
teamwork skills; 

 in the classroom, children use their 
brains and hands. Developed fine motor 
skills in children 8 - 10 years old, when 
working with copper tape; the use of the 
simplest instrument to check for the 
presence of electrical voltage develops 
research abilities; 

 renewable energy sources (solar panels 
and ionistors) are used as power 
sources in electrical circuits. 

The proposed practical cycle of classes in 
electricity in elementary school is propaedeutic 
and precedes further activities with children on 
digital electronics and devices based on them 
in high school. 
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Abstract. Scientix promotes and supports 
collaboration among STEM agents (science 
teachers, education scholars, policymakers and 
other professionals) in Europe and beyond. The 
Scientix Teacher Panel includes Scientix 
Ambassadors that have mainly the mission to 
promote and inform at national level about 
Scientix activities, in schools and 
regional/national on symposiums, conferences 
and workshops. They can also assist in 
developing and testing tools and services of 
Scientix and ensure the pedagogical quality of 
the Scientix repository. As an example, in this 
work the experience and results of the activities 
performed as Scientix Ambassador in Galicia-
Spain are presented. 

Keywords. STEM, European Schoolnet, 
Scientix. 

1. Introduction 

Scientix [1] is an initiative for promoting 
scientific education and vocation in Europe that 
now brings together over 7000 teachers after 
several years in operation. Each particular 
group related with STEM education can obtain 
important benefits from Scientix, so [1]: 

1. Teachers are able to: 

a) Browse through the Scientix resources 
repository and find inspiration for your 
classes. 

b) Get involved in European STEM 
education projects via our matching 
tool. 

c) Participate in national and European 
workshops and professional 
development courses. 

d) Download all presentations, videos and 
materials from our conferences, and 
stay tuned for future ones. 

e) Participate in online training, webinars 
or communities of practice. 

2. Researchers / project managers can: 

a) Find teachers or schools to collaborate 
with by browsing the Scientix public 
profiles directory. 

b) Browse through the project reports 
library. 

c) Participate in the Scientix networking 
events for STEM education projects. 

d) Co-organise an event with Scientix, 
increasing your dissemination and 
participants. 

e) Present your project at Scientix 
conferences. 

3. Policy makers are capable of: 

a) Use the Scientix Observatory for 
information about national strategies in 
STEM education, and to keep up-to-
date with the state of play in STEM 
education research and practice. 

b) Get in touch with the STEM education 
community joining Scientix networking 
events, screening the public profile 
directory or using the match-making 
tool. 

2. Structure, resources and activities 

Coordinated by European Schoolnet [2], a 
non-profit organization and network of thirty-
one European education ministries, Scientix 
receives funding from the European 
Commission through the 7th Framework 
Program and has contact points in every EU 
country. In Spain, this role is currently fulfilled 
by the National Institute of Technology and 
Professional Development (INTEF) at the 
Spanish Ministry of Education and Vocational 
Training (MEFP) [3]. 

Over the course of the project, Scientix  
assigns a series of representatives or 
ambassadors in each country whose aim is to 
spread the word about its activities among the 
teaching community throughout Europe, help 
share knowledge and best practice in science 
education, and support and improve scientific 
education in general at a local level. The panel 
of Scientix ambassadors is one of the three 
main support groups for the implementation of 
Scientix activities and support STEM 
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Abstract. The possibilities of a well–known 
historical event as a starting point for teaching 
various scientific and technical aspects are 
shown. In particular, it is indicated how, as an 
example of the Chornobyl disaster, it is 
possible to elucidate in detail the principles of 
the work of the nuclear power engineering and 
the scientific basis of the processes that took 
place during and after the accident (based on 
sections of the school course of physics 
covering nuclear physics). It is also indicated 
for scientific discoveries and implementation, 
as well as engineering and technical solutions 
that were used during the elimination of the 
consequences of the accident. Thus, one man–
made disaster allows us to disassemble this 
problem from the history of science and 
technology, physics, chemistry and ecology. 
Thus, this approach allows us to introduce the 
aspects of multidisciplinarity into learning, and 
to point out the interconnections of different 
types of sciences, which promotes a better 
understanding of the need for comprehensive 
development by students, and motivates the 
study of natural sciences [1–2]. 

Keywords. Chornobyl, Nuclear Physics, 
Power Engineering, History of Science, 
Chemistry, Ecology, Safety and Health, STEM 
Education. 

1. Introduction 

The example of the Chornobyl disaster will 
detail the principles of atomic energy and the 
scientific bases of the processes that occurred 
during and after the accident (physics section 
of the high school program on nuclear physics). 
Scientific discoveries and implementations, 
including the use of rapidly evolving alternative 
energy sources, as well as engineering and 

technical solutions used to eliminate the 
"aftermath" of the accident, will be analyzed 
and discussed (some issues of physics, 
chemistry and ecology will be considered). An 
important part of the project is labor protection 
and civil defense. 

2. History 

More than 30 years have passed, and the 
rainy day of the Chornobyl tragedy continues to 
excite people: both those whom he hooked with 
his black wing, and those who were later born 
far from the crippled land. This day did not pass 
without a trace – an unprecedented scale of 
tragedy struck the whole world. 

The disaster of the Chornobyl Nuclear 
Power Plant (officially named the Chornobyl 
Nuclear Power Plant in honor of Vladimir Ilyich 
Lenin) that occurred at reactor No. 4 On April 
26, 1986 is well known to everybody. It has 
been widely regarded as the worst accident in 
the history of nuclear power. It was the reason 
of large restricted area known as the Chornobyl 
Exclusion Zone appeared. Pripyat city and 
several other settlements were abandoned.  

Due to the Decree of the Council of 
Ministers of the USSR of September 29, 1966 
on the commissioning of energy capacities was 
planned to generate 11.9 million kW of power. 
After this Decree 8 million kW was planned to 
be generated by nuclear power plants. In the 
southern part of the USSR was planned to build 
a nuclear power station, which should provide 
electricity to the Central Energy Region – 27 
regions of the Ukrainian SSR and Rostov 
Region with a total population about 53 million 
people. 

It was taken into account that the most 
economically feasible radius of power supply is 
about 350–450 km. After the survey of 16 
construction sites it were proposed two of them: 
near the village of Ladyzhiny, Vinnytsia region, 
and the village of Kopachi, Kiev region. The 
first name of the station was "Central Ukrainian 
NPP". The well–known Chornobyl Nuclear 
Power Plant in honor of Vladimir Ilyich Lenin 
appeared later.  

On August 15, 1972, the first cubic meter of 
the main building concrete was laid. On 
September 26, 1977, the first Ukrainian nuclear 
power plant was run. The first power unit of the 
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Chornobyl nuclear power plant consisted of two 
RBMK–1000 reactors. The third and fourth 
power units with similar reactors were finished 
by the end of 1983. It was planned to run the 
fifth and sixth power units with the same 
reactors. But after the accident at the fourth 
power unit all constructions were stopped.  

Directly in the Pripyat river valley to the 
south–east of the NPP site in order to provide 
cooling for turbine condensers and other heat 
exchangers of the first four power units, a 22 
km² bulk pond cooler was built. It was planned 
to use cooling towers built near the fifth and 
sixth blocks under construction to ensure the 
cooling of heat exchangers. But the disaster 
happened earlier. 

The accident at Unit 4 of the Chornobyl 
nuclear power plant occurred on April 26, 1986 
during the safety systems tests. Two situations 
were simulated. The first was connected with 
complete loss of power supply to nuclear power 
plants, including main circulation pumps (MCP) 
and pumps for emergency reactor cooling 
system. The second test simulated the 
accident, in which considers the reactor 
circulation loop large diameter pipeline rupture. 

The project provided that when the external 
power was turned off, the electricity generated 
by the turbo–generators due to run–out is 
supplied to start the pumps included in the 
emergency reactor cooling system, which 
would ensure guaranteed cooling of the 
reactor. It was the only attempt to do such 
experiment with RBMK – 1000 reactor from the 
time them were putted into operation. 

Tests were scheduled to be held in the 
afternoon of April 25, 1986 on the basis of the 
reactor No. 4. The reactor thermal power at that 
time should be 700 MW, after which it was 
planned to shut down the reactor for scheduled 
repairs. Thus, the tests should have been 
carried out in a reduced power mode, which is 
characterized by an increased (relative to the 
nominal) flow rate of the coolant through the 
reactor, a slight heating of the coolants to the 
boiling point at the entrance to the core and 
minimum vapor content.  

Tests began at 1:23:04. The four main 
circulation pumps began to work from the 
residual rotation of the turbogenerator. That 
leads to the decreasing of water flow and 
increasing steam content. 

At 1:23: 43 a great increasing of power 
began. The three explosions sounded 
immediately. The reactor was destroyed, and 
huge volumes of radioactive substances came 
into the atmosphere. Reactor No. 4 was in fire. 

The liquidation of the consequences began 
at the same night. Within a few hours after the 
destruction, firefighters and Chornobyl 
personnel were able to eliminate numerous 
fires, which prevented the threat of fire 
spreading to other power units. The risk has 
been huge because the 3rd power unit was 
located in the same building as the 4th. 

On April 27, helicopters began to drop the 
protective materials into ruined building. After 
the two weeks of deadly work, the materials 
covered the central hall with a ball from 1 to 15 
meters thick, isolating the reactor from the 
environment. At present, a new sarcophagus 
over the emergency 4th power unit has been 
commissioned. The new sarcophagus (called 
the “New Safe Confinement” (NSC)) was 
pushed into its design position in November 
2016. The project was completed in May 2018. 

3. Nuclear reactor physics 

A nuclear power plant differs from a thermal 
one only in that the steam for turbines is heated 
by the energy of a nuclear reaction – the fission 
of uranium nuclei into two (occasionally three) 
large fragments. This process attracted the 
attention of physicists primarily because it can 
self–sustain, since it belongs to the chain. 

Such a well–known chemical reaction as 
combustion goes on its own – it only needs 
fuel, an oxidizing agent and initial heat input. 
The “burning” of nuclear fuel is more difficult to 
ensure: for the nuclei to be divided, a personal 
match must be brought to each of them – a 
neutron. But nature provided this opportunity – 
during the decay of a nucleus several neutrons 
with an energy of about 2 MeV fly out. The 
chain reaction will continue if at least one of 
these neutrons, absorbed by the new nucleus, 
causes its fission and the appearance of the 
next generation neutrons. The ratio of the 
number of neutrons participating in a certain 
stage of a nuclear reaction to the number of 
neutrons of the previous generation at the 
same stage is called the multiplication 
coefficient K. This quantity completely 
determines the dynamics of the chain process: 
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at K = 1, the reaction proceeds at a constant 
speed, at K> 1 it accelerates, at K <1 goes out. 

It would seem that since fission of one 
nucleus releases two or three (on average 2.3) 
neutrons, it does not cost anything to achieve 
an accelerated or at least stationary reaction. In 
fact, this is not easy at all, because for many 
reasons neutrons are eliminated from the 
game. 

Having flown out of a split nucleus, a 
neutron can simply go beyond the limits of the 
reactor core. To reduce the likelihood of such a 
loss, the reactor is made large enough, and the 
core is surrounded by a reflector – a substance 
whose nuclei do not react with neutrons, but 
play the role of a barrier preventing their rapid 
leakage. If the neutron remains in the core, 
another danger lies in wait for it – entrapment 
of an impurity or structural material by the 
nucleus. Suppose this did not happen. Then, 
sooner or later, the particle will be absorbed by 
the nucleus of one of the uranium isotopes – 
238U or 235U. When fast neutrons are 
absorbed in 238U, fission occurs only in 5 
cases out of 100, and in the remaining 95, 
239U is formed, and the neutron falls out of the 
multiplication chain. The nucleus of 235U will 
split in 85 cases out of 100, and only 15 
neutrons will be uselessly spent on the 
formation of 236U. Natural ores contain 99.3% 
of 238U, while 235U contains only 0.7%, and in 
addition, the probability of capturing fast 
neutrons by the heavy isotope of uranium is 
much higher than light. Therefore, in pure 
natural uranium, a self–sustaining chain 
reaction does not occur. 

If the neutron is not captured immediately by 
uranium, it wanders for a while inside the core, 
colliding with different nuclei and losing speed. 
In the end, its energy drops to 0.025 eV – the 
average energy of thermal motion and does not 
change anymore. Such slow, or thermal, 
neutrons are no longer able to cause 238U 
fission and, when absorbed by this isotope, will 
inevitably be lost for the reaction. But thermal 
neutrons can lead to fission of 235U nuclei — 
moreover, they are captured by a light isotope 
much more often than by a heavy one. But, 
slowing down in collisions, neutrons inevitably 
pass through the region of intermediate 
energies (1–10 eV), in which the probability of 
capture by 238U nuclei reaches a maximum. 
Therefore, if you do not take special measures, 

most fast neutrons simply do not have time to 
turn into thermal ones. 

The solution was found in the use of a 
moderator – a substance, when moving in 
which neutrons are not captured, but quickly 
lose energy. Usually, uranium is placed in a 
moderator in small portions at a certain 
distance from each other. Fast neutrons arising 
from the fission of uranium in one of these 
parts, fly out of its limits in the moderator. Here 
the particles reduce the speed to thermal and 
then can travel for a long enough time until they 
again fall into uranium. Now they will almost 
certainly be absorbed by the nuclei of the light 
isotope and cause new fissions. The chain 
reaction goes further. 

We touched on only a small part of the 
problems arising in the development of a 
nuclear reactor. Scientists and designers have 
to take into account many different factors, and 
most importantly, take into account that each of 
them can change over time, and take care that 
no changes can interfere with confident control 
of the reactor. 

4. Power engineering 

The traditional system of training high school 
students and then specialists in our country's 
technical colleges includes their theoretical and 
practical training in specific educational 
programs and curricula. It is mainly based on 
the transfer of scientific and technical 
knowledge to students and students and 
practically does not prepare them for those 
realities of life that the future specialist will 
encounter when it comes to production. 

This problem becomes most urgent when it 
comes to preparing future specialists at the 
universities of the country for those industries 
that work with some risks to human life and the 
environment. These industries are, in the first 
place, first and foremost – large, sophisticated 
technical systems with many different objects 
and connections between them. These 
industries include, first of all, energy, 
metallurgy, the chemical industry, enterprises 
serving the military and space complex, and 
others. Confirmation of the extreme importance 
of this problem is the increasing number of 
technical (man–made) accidents and 
catastrophes in all countries of the world. 
Suffice it to name the accidents at the Three 
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water. When these compounds appear, the 
bonding forces of the radionuclides with the 
surface weaken. As a result, they can be easily 
removed from the contaminated surface. In 
order to maximizing efficiency of the 
decontamination process, solutions were 
prepared no late than a day before the use. 

The treatment of equipment consisted of 
three stages: washing under high pressure, 
treatment with deactivation solutions and its 
subsequent washing off under high pressure 
(Figure 4). 

5.2. Immediately chemistry: solution of 
radioecological problems 

Even three decades after the Chornobyl 
disaster, in modern Ukraine, the development 
of effective sorbents for the extraction of 
radionuclides from aqueous solutions and soil 
is relevant because of the importance of 
radioecological problems caused by the 
accumulation and spread of radioactive 
contamination in the environment. The spread 
of radionuclides is facilitated by their high 
migration ability (especially strontium, cesium, 
uranium and technetium). 

Solving these kinds of problems requires the 
combined efforts of scientists and developers 
working in various fields – environmentalists, 
chemical technologists, agrochemicals and 
biotechnologists. 

Of particular interest in this regard are 
sorbents of natural origin, modified by artificial 
chemicals that combine sorption efficiency with 
harmlessness (and preferably – with benefit) to 
the environment, in addition, their use should 
have an economic effect. 

All these requirements are fully met by 
humic and humic acids extracted from peat and 
lignite of Ukrainian deposits and sorbents made 
on their basis. These bioorganic substances 
exhibit high sorption capacity against 
radionuclides, heavy metals and other 
ecotoxicants, irreversibly linking the latter to 
chemical complexes. This property is especially 
valuable and relevant in conditions of high 
technogenic load, when in the form of dust and 
ash fall harmful compounds during the work of 
large industrial enterprises, as well as the level 
of radiation pollution. The introduction of humic 
preparations promotes the formation of 
insoluble sedentary complexes, which are 

derived from the circulation of substances in 
the soil. Thus, the products produced on such 
soils are much more environmentally friendly 
[4–5]. 

Due to carboxyl, hydroxyl, carbonyl groups 
and aromatic fragments humic acids enter into 
ionic, donor–acceptor and hydrophobic 
interactions, i.e. humic substances are able to 
bind different classes of ecotoxicants, which, 
together with their ecological properties, are 
natural, effective and natural which fully comply 
with the principles of green chemistry [6–7]. 

The heterogeneity of the structure of 
carboxylic acids on the one hand, gives an 
extremely wide range of properties, and on the 
other – nonspecificity of action. This can 
significantly complicate the process, so the task 
of creating humic substances with a more 
directional action does not lose relevance. 

Modifications should be made to enhance 
the reducing properties (to neutralize oxidized 
actinides, such as plutonium). Phenol–
formaldehyde condensation of hydroquinone 
and humic substances makes it possible to 
create a fairly environmentally friendly and 
effective reducing agent. 

The sorption capacity can be increased by 
tying the gum to the mineral matrix. Given that 
the major constituent of natural minerals is 
silica, the most convenient way is to form a Si–
O–Si bond between the humic substance and 
the mineral matrix. Then it is possible to obtain 
a powder with surface–active groups, which, 
upon dissolution in the reservoir, will adhere to 
the mineral surface. 

By changing the degree of modification of 
humic substances, you can control the 
properties that will have a humic film, reaching 
the maximum degree of extraction of 
radionuclides. 

Thus, on the example of sorption purification 
from soil radionuclides and natural reservoirs 
contaminated as a result of the Chornobyl 
disaster, as well as the reclamation of the 
affected territories, students of different 
specialties can be trained in solving technical 
and environmental problems at the intersection 
of sciences. 
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6. Ecology 

Despite the fact that the Chornobyl nuclear 
power plant is located in Ukraine, Belarus 
suffered the most after the accident, about 60% 
of the emissions fell on its territory, and some 
of the radioactive dust settled on the lands of 
European countries (Sweden, Finland and 
Austria). 

As a result of the accident, radioactive 
fallout contaminated more than 200 thousand 
square kilometers of Europe. Over 1 million 
people turned out to be in dangerously 
contaminated territories. Pollution of more than 
1 Ci per square kilometer spread to 9% of the 
territory of Ukraine, among which 18 out of 25 
regions of Ukraine with a total area of 42 
thousand square kilometers. 5 million hectares 
of land were withdrawn from agricultural 
practice. 

As a result of radioactive decay, exposure to 
rain and wind, human activities and 
countermeasures, the surface contamination of 
urban areas with radioactive material was 
significantly reduced. However, as a result of 
the decontamination of urban areas, significant 
volumes of low level radioactive waste were 
generated, which, in turn, created the problem 
of their disposal. 

After the Chornobyl accident, the highest 
levels of absorption of radioactive cesium were 
recorded in forest vegetation and in animals 
living in forests and hills. In Western Europe, a 
number of countermeasures are still being 
applied to livestock products raised on higher 
elevations and in wooded areas due to the high 
and sustained absorption of radioactive cesium 
by the affected extensive farming systems. 

The environmental response to the 
Chornobyl accident was a complex interaction 
of factors such as the accumulated dose, dose 
rate, and its temporal and spatial variations. 
Both individual and group effects caused by 
radiation–induced cell death were observed in 
plants and animals as follows: 

a) increased death of conifers living in the 
soil of invertebrates and mammals; 

b) loss of reproduction in plants and 
animals; 

c) chronic radiation syndrome in animals 
(mammals, birds, etc.). 

The use of wood and wood products makes 
only a small contribution to the dose of the 
population, although the ash may contain large 
137Cs activities and potentially lead to higher 
doses than with other uses of the tree. Forest 
fires increased the concentration of 
radionuclides in the air in 1992 and represent 
the danger of the involvement of radionuclides 
in the circulation of substances to this day. 

High concentrations of radioactive 
substances in surface waters immediately after 
the accident quickly declined, and at present, 
the concentration of radionuclides in drinking 
water and in irrigation water is very low. 
However, the groundwater in the region of the 
accident is close to the surface, so the 
Chornobyl radionuclides in the coming years 
after the accident ended up in the groundwater 
of other European countries. Bioaccumulation 
of radioactive cesium in the aquatic food chain 
has led to significant concentrations of 
radionuclides in fish in the most affected areas, 
as well as in some lakes located at a great 
distance, for example, in Scandinavia and 
Germany. 

7. Labor protection and civil defense 

An important part of the Chornobyl 
curriculum is related to the study of some 
issues on the basics of occupational safety and 
health. A comprehensive and consistent set of 
safety requirements sets out the mandatory 
requirements that must be met to protect 
people and the environment at present and in 
the future. Such requirements are governed by 
the objectives and principles of the security 
framework. If the requirements are not met, 
steps must be taken to achieve or restore an 
adequate level of security. The format and style 
of the requirements form the basis of a national 
security regulatory system. The requirements 
are defined by the relevant parties such as: – 
State, legal and regulatory basis for security; – 
Safety management and management; – 
Radiation protection and safety of radiation 
sources; – Assessment of the safety of nuclear 
installations and their operation; – Management 
of radioactive waste before long–term storage; 
– Decommissioning and decommissioning of 
nuclear facilities; – Emergency preparedness 
and response, etc. 

 The designs of many existing nuclear power 
plants, as well as the designs of new nuclear 
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power plants, have been refined by 
incorporating additional measures to mitigate 
the consequences of complex accident 
scenarios, including dependent failures and 
severe accidents. Many existing NPPs have 
been additionally equipped with additional 
systems and equipment with new functionalities 
designed to help prevent severe accidents and 
mitigate their effects. According to the 
requirements of the International Atomic 
Energy Agency (IAEA), full–scale simulators 
were created at all Ukrainian NPPs with 
mathematical modeling of processes, including 
emergency ones, where operational personnel 
are trained and tested. New NPP projects now 
directly include analysis of severe accident 
scenarios and strategies for managing such 
accidents. The design of nuclear power plants 
is also guided by the requirements relating to 
the state system of accounting and control of 
nuclear materials and the requirements related 
to ensuring physical security. 

In order to achieve the highest possible level 
of safety in the NPP project, it is necessary to 
provide for such measures that meet national 
and international criteria and security objectives 
for: 

a) the prevention of accidents with adverse 
effects resulting from the loss of control 
of the reactor core or other sources of 
radiation, and the mitigation of any 
accidents in the event of their 
occurrence; 

b) ensuring that any radiological 
consequences of any accident involved 
in the design of the installation are 
below their respective limits and kept at 
a reasonably low level; 

c) ensuring that the likelihood of an 
accident with serious radiological 
consequences is extremely low and that 
the radiological consequences of such 
an accident are mitigated as far as 
practicable. 

8. Alternative energy 

After the world felt the whole danger of 
nuclear energy and became infected with the 
idea of getting energy from alternative sources, 
such as sunlight and wind, a river of funding 
surged in that direction. 

But what are alternative energy sources? 
And why are they called alternative? Is it all 
cloudless on the horizon of owners of miracle 
equipment capable of giving free energy? A 
whole series of issues related to the use of 
alternative energy technologies more and more 
often arises in a simple person who is thinking 
about abandoning traditional sources of energy. 
After all, it would seem how cool it is to 
completely switch to an inexhaustible natural 
resource and forget about gasoline exhausts 
under the window, endless bills and 
dependence on a thousand and one companies 
sending these bills! However, in any serious 
business, there are pitfalls, and it would be nice 
to identify them in advance, before setting sail. 

Alternative sources of energy are called 
methods of generating heat and electricity 
using inexhaustible natural resources – 
sunlight, wind and other gifts of nature. 

One of the most common ways to use 
natural energy is solar panels, replenishing 
your charge from the rays that hit them. 
Enterprising representatives of the human race 
have learned to embed such batteries not only 
in electrical appliances, but also in tiles, 
fountains, portable chargers, car roofs, road 
surfaces and even aircraft. One of the main 
advantages of solar energy is its environmental 
friendliness. True, silicon compounds can 
cause little harm to the environment, but 
compared with the consequences of burning 
natural fuels, such damage is a drop in the 
ocean. 

Semiconductor solar cells have a very 
important advantage – durability. Despite the 
fact that caring for them does not require 
especially great knowledge from the staff. As a 
result, solar panels are becoming increasingly 
popular in industry and everyday life. 

A few square meters of solar panels may 
well solve all the energy problems of a small 
village. In countries with a large number of 
sunny days – the southern part of the USA, 
Spain, India, Saudi Arabia and others – solar 
power plants have long been operating. Some 
of them reach quite impressive power. 

Today, projects are already being developed 
to build solar power plants outside the 
atmosphere – where the sun's rays do not lose 
their energy. Radiation trapped in the Earth’s 
orbit is proposed to be transferred to another 
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type of energy – microwaves – and then sent to 
the Earth. All this will be memorized 
fantastically, but modern technology allows 
such a project to be implemented in the very 
near future. 

Geothermal energy is a method of 
generating electricity by converting the Earth's 
internal heat (the energy of hot steam–water 
sources) into electrical energy. This method of 
generating electricity is based on the fact that 
the temperature of the rocks increases with 
depth, and at a level of 2–3 km from the Earth's 
surface exceeds 100 ° C. There are several 
schemes for generating electricity at a 
geothermal power plant. Direct scheme: natural 
steam is piped to turbines connected to electric 
generators. Indirect scheme: steam is 
preliminarily (before it enters the turbines) 
cleaned of gases that cause the destruction of 
pipes. The cost of the “fuel” of such a power 
plant is determined by the cost of productive 
wells and a steam collection system and is 
relatively low. The cost of the power plant itself 
is low, since it does not have a furnace, a boiler 
plant and a chimney. The disadvantages of 
geothermal electrical installations include the 
possibility of local subsidence of soils and the 
awakening of seismic activity. And the gases 
escaping from underground can contain toxic 
substances. 

Wind energy is a branch of energy 
specializing in the use of wind energy (kinetic 
energy of air masses in the atmosphere). Wind 
farm – a facility that converts the kinetic energy 
of the wind into electrical energy. It consists of 
a wind turbine, an electric current generator, an 
automatic device for controlling the operation of 
a wind turbine and a generator, facilities for 
their installation and maintenance. To obtain 
wind energy, different designs are used: multi–
blade “daisies”; propellers like airplane 
propellers; vertical rotors, etc. The production 
of wind power plants is very cheap, but their 
power is small, and their work depends on the 
weather. In addition, they are very noisy, so 
large wind farms even have to be turned off at 
night. 

Wave energy is a method of generating 
electrical energy by converting the potential 
energy of the waves into the kinetic energy of 
the pulsations and arranging the pulsations into 
a unidirectional force that rotates the shaft of 
the generator. Compared to wind and solar 

energy, wave energy has a much greater 
specific power. So, the average power of the 
waves of the seas and oceans, as a rule, 
exceeds 15 kW/m. With a wave height of 2m, 
the power reaches 80 kW /m. That is, during 
the development of the surface of the oceans 
there can be no shortage of energy. Only part 
of the wave power can be used into mechanical 
and electrical energy, but the conversion 
coefficient for water is higher than for air – up to 
85 percent. 

Tidal energy, like other forms of alternative 
energy, is a renewable source of energy. This 
type of power plant uses tidal energy to 
generate electricity. For the construction of a 
simple tidal power station, a pool is needed – a 
bay covered by a dam or a river mouth. The 
dam has culverts and installed hydraulic 
turbines that rotate the generator. During high 
tide, water enters the pool. When the water 
levels in the basin and the sea become equal, 
the gates of the culverts are closed. With the 
onset of low tide, the water level in the sea 
decreases, and when the pressure becomes 
sufficient, the turbines and the electric 
generators connected to it begin to work, and 
the water gradually leaves the pool. It is 
considered economically feasible to build tidal 
power plants in areas with tidal sea level 
fluctuations of at least 4 m. The disadvantage 
of tidal power plants is that they are built only 
on the shores of the seas and oceans, and 
besides, they do not develop very large 
capacity, and tides are only twice a day. 

Biomass energy. When rotting biomass 
(manure, dead organisms, plants), biogas with 
a high methane content is released, which is 
used for heating, generating electricity, etc. 
There are enterprises (pigsties and cowsheds, 
etc.) that themselves provide themselves with 
electricity and heat due to that have several 
large "tanks", where large masses of manure 
from animals are dumped. In these sealed 
tanks, the manure rots, and the gas released 
goes to the needs of the farm. Another 
advantage of this type of energy is that as a 
result of the use of wet manure for energy, the 
dry residue from manure remains, which is an 
excellent fertilizer for fields. Also, fast–growing 
algae and some types of organic waste (stalks 
of corn, reed, etc.) can be used as biofuels. 
Such alternative sources have several 
advantages over traditional methods of energy 
production: 
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a) environmental friendliness; when using 
the equipment there are no emissions of 
harmful substances polluting the 
environment; 

b) noiselessness (this item does not apply 
to the version with windmills); 

c) the ability to install in remote places of 
the planet, not equipped with power 
lines; 

d) free energy. 

Given all the expected costs, the use of an 
alternative energy source in private ownership 
is often unprofitable and represents economic 
benefits only for large enterprises. 

Progress does not stand still – polymer solar 
panels have already been invented, the 
production of which is several times cheaper. 
But this does not mean that homeowners 
should abandon the idea of using alternative 
energy sources. After all, progress does not 
stand still – polymer solar cells have already 
been invented, the production of which is 
several times cheaper than the manufacture of 
traditional silicon. And the appearance on the 
market of new, more economical, models of 
generators and additional equipment, a change 
in electricity tariffs gives reason to think that in 
the near future this practice will still be 
universally recognized. 

9. Conclusions 

The educational project aims to motivate 
senior students to study natural sciences.  

To prevent and solve such problems, a large 
number of qualified specialists of engineers, 
technologists, and designers are required 
whose knowledge is based on mathematics, 
physics, chemistry and other natural and 
technical sciences. Nowadays, such specialists 
are becoming less and less every year. 

The main objective of the project are: 

a) popularization and motivation to study in 
the natural–mathematical and 
engineering technical sciences and 
specialties; 

b) preparing a new generation capable of 
accepting the challenges of the future 
and creating new safe technologies not 

only in the energy sector, but also in 
other areas. 
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Abstract. This research was carried out in 
order to determine the misconceptions of the 
subject "Fractions" in 5th grade math class and 
to eliminate these misconceptions by using 
concept maps. The data were collected through 
the focus group interview technique, semi- 
structured questions and the teacher’s diaries 
that were kept in application process. For every 
question, codes and themes were determined 
by systematically examining the notes that 
were computerized. The codes and the themes 
were compared by using co-observer technique 
and the reliability of the application was found 
%93. After the application school was 
determined, four students were chosen with the 
maximum diversity sampling. 1st, 2nd, 3rd and 4th 
Action Plans were prepared to eliminate 
students’ misconceptions with using concept 
maps. The themes which were determined for 
the questions asked in the interview in the light 
of the data collected from the students after the 
application were shown in the Findings part to 
support students’ answers. As a result, after 
reviewing the collected data, it was found that 
using concept maps to eliminate 
misconceptions of the students was effective, it 
made students eager to lesson and made them 
like Math and at the same time, while it made it 
easier to understand for the students who have 
understanding difficulty, it made the students 
who were good at Math get bored. Moreover, 
the using of concept maps caused some of the 
students get confused. 

Keywords. Misconceptions, Concept Maps, 
Students, Views. 

1. Introduction 

Teaching material is an important element of 
the learning-teaching process. Instructional 
materials are important to facilitate learning in 
the learning-teaching process, to increase 
productivity in learning and to provide cost-
effectiveness. One of the instructional 

materials, which are an important element of 
the educational situation, is concept maps [1]. 
The human mind finds the common aspects of 
various objects, events, ideas and behaviors 
and classifies them into categories. Concepts 
are the abstract representatives of the 
classifications of objects, events, ideas and 
behaviors with common characteristics [2]. Baki 
(1999) defines misconceptions as the 
behaviors as a result of experiences of the 
students [3]. Identifying the misconceptions 
among the students is important to ensure the 
understanding of the learners. In the scope of 
the research literature survey has been 
conducted to determine the misconceptions 
about the fractions in the mathematics course. 
It has been concluded in these research that 
students have difficulties in dealing with 
fractions [4]. The use of concept maps in the 
teaching process has resulted in permanent 
learning [5]. The aim of this study is to solve the 
conceptual misconceptions of "Fractions" in the 
mathematics lesson of the 5th grade students of 
secondary school with concept maps. The 
research has benefited from the use of concept 
mapping techniques to solve the 
misconceptions of "fractions" in students. 

2. Methods 

In this section the research design, sample, 
and the research process. 

2.1. Research Design 

In the study conducted, an action research 
one of the qualitative research designs has 
used. Action research is a systematic 
intervention process in which people conduct 
research on their own professional activities 
and on the basis of action for change [6]. 

2.2. Participants 

The study group of the study is composed of 
students in Bilecik in the fall semester of 2017-
2018 and fifth grade students in Atatürk 
secondary school in Osmanlı. Students are 
given A, B, C and D codes. A total of 4 
students, 3 girls and 1 boy, have participated in 
the research. Students participating in the 
research; a hardworking student (D); (B) is a 
student who does not like a lesson, a 
mainstream student (A) and a student, even 
s/he likes the lesson cannot get good grade 
(C). The school in which the study was 
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conducted consists of pupils of parents with 
moderate and good socioeconomic status. 

2.3. Data collection and Analysis 

The students in the study group were 
implemented in the 1st Action Plan "pre-tests of 
fractions" to identify deficiencies in the 
preliminary knowledge of fractions as a means 
of collecting data by the practitioner. "Fractions 
pre-test" consists of 7 questions. The first 
question is about "acquire the fractions 
varieties", the second and third questions are 
about the "convert fractions to each other", the 
fourth question is about "write the reading of 
fractions", the fifth question is about 
"abbreviation and equivalence in fractions" and 
the 7th question ‘shows the fraction on 
numerical axis’ objectives. The findings are 
coded as S1, S2, S3, S4, S5, S6 and S7. The 
fractions pre-test consisting of 7 questions and 
requiring a written answer in order to 
understand what the mistakes are made and 
where they originate are prepared together with 
5 teachers who are experts in the field. Before 
preparation of the pre-test, the mistakes in the 
second math exam have been evaluated. The 
validity and reliability of the success test 
prepared before the start of the study have 
been determined ( = 0.43). In addition, for 
each item that constitutes the pre-test of 
fractions, the item total score correlation has 
been calculated. A questionnaire created by 
using the misconceptions of the students has 
been also used as a data collection tool. At the 
next stage, questions for the each 
misconceptions to determine whether the 
students have misconceptions or have made 
mistakes by detecting the mistakes made by 
the students in the examination which has been 
applied to measure the foreknowledge. In the 
study, participants have been interviewed and 
the teachers’ diary in which the teachers’ 
observation are have been used to collect data. 

3. Findings 

When students' opinions have been 
examined, the use of concept maps is positive 
for students. The teacher has changed the way 
students view mathematics lessons and help 
them to like mathematics. However, the use of 
concept maps is negative in terms of students 
in some parts of the subject "Fractions" in 
mathematics. It is useful for the students that 
teacher use this kind of method. Students also 

support the attending of mathematics classes 
with concept maps in the same way. When 
students' opinions have been examined, they 
have stated that they have experienced 
problems during the use of concept maps on 
"Fractions" in mathematics class. The students 
have pointed out that they cannot understand 
the some parts and have difficulties in 
constructing the concept maps. All the students 
have stated out that learning the fraction by 
concept maps is useful and helps them to 
construct meaningful learning. 

4. Results and Discussion 

In the study, the effects of the concept maps 
used for solving the misconceptions on the 
subject of "Fractions" in the Mathematics 
course of the 5th grade students have been 
examined. When the results of the observation 
in the teacher's diary are examined after the 
implementation of the second action plan, it has 
been found that the students have 
misconceptions about the reading of fractions, 
the conversion of fractions to each other 
(compound fraction integer and integer 
fractions), misinterpretation and comparison of 
fractions, fractions on number lines, 
simplification in fractions. The concept maps 
prepared by the practitioners are displayed to 
the students and the topic is explained again in 
order to solve the misconceptions that are 
determined in the students. When the results of 
the observation in the teacher's diary are 
examined after the implementation of the third 
action plan, the course is taught with the 
concept maps prepared for the fraction types, 
the reading of the fractions, the transformations 
in the fractions (compound fraction integer and 
integer fraction), fractions simplification and 
ordering. At the end of the course it is seen that 
when the students are asked again questions 
about the objectives, the students give correct 
answers to the questions about the reading of 
the fractions, conversion in fractions, 
comparison and sort of fractions and showing 
the fractions on the number line, and concept 
maps are effective. It is stated in the literature 
that concept mapping techniques are important 
in improving their reading comprehension skills 
[7]; it leads the meaningful learning that 
activities based on the use of mind maps and 
concept cartoons are beneficial to the 
academic achievements of learners and to the 
development of the perceptions of questioning 
learning skills [8-9]. It has been concluded that 
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the concept maps are not effective in 
simplification and equivalent in fractions. When 
the results of the observations in the teacher's 
diary are examined after the implementation of 
the 4th plan, it has been found that students 
have been able to create their own concept 
maps. In the process of preparing concept 
maps, the practitioner is challenged and some 
of the concept maps prepared for the learners 
are complicated by the students because the 
process of preparing the concept maps is not 
known exactly. It has been also found that the 
students have difficulties when they are asked 
to create a concept map. 
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Abstract. The purpose of the present study 
was to investigate the effect of the use of Vee 
Diagram in inquiry-based science lab on the 
fourth grade science pre-service teachers' 
understanding on the nature of scientific 
knowledge. In the study, a quasi-experimental 
design was used with pre-test and post-test 
control group. In this scope, two sections were 
selected from the fourth grade pre-service 
science teachers as one experimental group 
(n=32) and one control group (n=32). While the 
pre-service science teachers in the 
experimental group performed the testing of 
hypothesis used in the inquiry-based science 
labs, the ones in the control group carried out 
closed-ended experiments. While the students 
in the experimental group prepared their 
experiment reports according to the Vee 
diagram, the students in the control group 
prepared their experiment reports according to 
the traditional laboratory report. Before and 
after the experimental application, the “Nature 
of Science Knowledge Scale” developed by 
Rubba and Anderson [1] and adapted to 
Turkish by Kılıç, Sungur, Çakıroğlu and 
Tekkaya [2] was applied to both experimental 
and control groups. The results of the current 
study revealed that the use of the Vee diagram 
in inquiry-based science lab had a positive 
effect on the pre-service science teachers’ 
understanding about nature of scientific 
knowledge. 

Keywords. Vee Diagram, Inquiry-Based 
Science Lab, Pre-Service Science Teachers, 
Nature of Scientific Knowledge. 

1. Introduction 

Science courses are designed to allow the 
students to explore, to query, to mount an 
argument and to design a product. In this 
context, it is expected that science teachers 
should be in the role of a guide who shares the 
importance and value of science and the 
responsibility and enthusiasm of achieving 

scientific knowledge as well as guiding the 
research process in the class [3]. Therefore, 
teachers have great responsibilities. As it is 
known, laboratories are an irreplaceable part of 
science education [4]. Students who carry out 
an experiment in labs communicate more with 
their peers and take responsibility so they feel 
more comfortable. Thus, it can be said that 
laboratories are the heart of science education 
[5]. It is also known that the attitudes and 
achievements of the students who carry out 
experiment in the laboratories are more 
developed [6]. Therefore, students are often 
advised to carry out experiment. 

It is known that the experimental techniques 
used to achieve more objectives in the science 
labs are quite important for students. In this 
context, the objectives of the inquiry-based labs 
where students carry out open-ended and 
hypothesis-testing experi-ments rather than 
close-ended experiments (traditional science 
experiments) are multidimensional and 
meaningful [7]. Thus, it is suggested that 
inquiry-based science laboratory that students 
will be more active should be frequently 
included. It is known that Vee diagrams are an 
important tool in the effectiveness of science 
laboratories [7]. Vee diagrams were used for 
the first time in the 1970s by Gowin and his 
students [8]. Vee diagrams are one of the most 
frequently used subjects in science education 
in recent years and are often among the 
effective tools to facilitate concept teaching [9]. 
In this context, it is very important to prepare 
the reports in the Vee diagram format in the 
experiment group of hypothesis testing 
experiments. The purpose of the present study 
was to investigate the effect of the use of the 
Vee Diagram in inquiry-based science lab on 
the fourth grade science pre-service teachers' 
understanding on the nature of scientific 
knowledge. 

2. Method 
2.1. Research Design 

In the study, a quasi-experimental design 
was used with pre-test and post-test control 
group.  

2.2. Study Group 

The study group involved in the present 
research was 64 fourth year students (32 
experimental group and 32 control group) 
studying in the Department of Science 
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Abstract. The purpose of this study in which 
the general screening model of quantitative 
research methods has been employed is to 
examine the inquiry learning perception of 
secondary school students according to the 
various variables. For this purpose, ‘Inquiry 
Learning Perception in Science Scale’ which 
consists of 3 sub dimensions and 22 items has 
been applied to 266 secondary school students 
selected by using simple random sampling. The 
normality test has been used to decide which 
analysis would be carried out and it was 
decided that the data are not normal. For this 
reason, it has been decided to use Kruskal- 
Wallis and Mann Whitney U. It has been 
concluded that the students have a high level of 
inquiry learning perception and the gender is a 
significant variable on inquiry learning. Female 
students have a higher perception about inquiry 
learning. It has been also concluded that the 
parents’ educational statue plays an important 
role on the inquiry learning perception. The 
students with a parent who has a university 
degree have a higher perception than the other 
students. The results have also showed that 
the occupation of the mother is another 
important variable on inquiry learning 
perceptions. The students whose mother works 
in a state job as an officer have a higher 
perception on inquiry learning. The last finding 
of the study has revealed that the income of the 
family is an important variable, as well and this 
result is also related with the students private 
lesson statue as it has been concluded the 
students who has private lessons have higher 
perceptions about inquiry learning. 

Keywords. Inquiry learning, Perception, 
Secondary School, Students. 

1. Introduction 

The rapid development of technology and 
science in our time has changed the teaching 
activities, that is knowledge transfer, of 
classical education systems. Today's education 

systems place more emphasis on student-
centered approaches than teacher-centered 
approaches. At the basis of such approaches, 
instead of passively passing knowledge on to 
learners, it aims to involve students in the 
process, to teach them how to access 
information, and to make them scientific literate 
individuals. These approaches are aimed to 
provide students with the attitudes and skills 
necessary to solve the problems related to 
science that students will encounter in school 
and after school life, not memorizing the 
information in the science courses. Individual 
attitudes are closely related to how they will 
behave in different situations. Individuals with 
scientific attitudes are expected to have a 
researcher and critical personality and to stay 
away from prejudices. The high attitudes of 
students towards science courses will have a 
positive impact on the lifetime of learning and 
the development of a researcher and a critical 
personality. The Science curriculum that is 
being used in our country has also been 
developed and put into practice on the basis of 
that students will construct the knowledge in 
their minds, that is students are in the center of 
the learning activity. The aim of the curriculum 
is to make the students acquire the skills of 
learning by doing and living, questioning and 
rationalizing. The curriculum aims to improve 
students' inquiry learning skills as well. Inquiry 
learning will encourage learners to learn 
according to constructivist approach by 
encouraging students to ask, create, discuss 
and reflection skills. 

Science is a field in which individuals are 
curious about other creatures, occurrences, 
developments and cause-and-effect 
relationships in the environment they live in, 
and try to understand, examine and make 
meaning, and use them in the direction of their 
own needs [1]. The lectures in the field of 
science aim to provide individuals with the skills 
such as perception and scientific thinking while 
providing guidance on finding answers to these 
searches [2]. In line with these objectives, the 
curriculum implemented in the field of science 
have been developed as student centered by 
adopting the constructivist approach. The main 
reason for this is that students are highly 
influential in facilitating the learning of the logic 
of scientific research to individuals rather than 
memorizing the concepts and rules of science 
[3]. 
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Science and Technology curriculum 
developed in 2004 following the reform studies 
carried out in the educational programs aims to 
educate all individuals as science literate. In 
educating of individuals with these features, it is 
undoubtedly necessary to adopt contemporary 
approaches. As in the whole education field, 
contemporary approaches to science teaching 
have also indicated that questioning in science 
learning has a great influence. The inquiry was 
influenced by John Dewey, the constructor 
philosophy and the philosophy of Socrates [4]. 
The current approaches in science teaching 
suggest the necessity and importance of 
students' learning by inquiry of science [5], and 
that the definition of science teaching could be 
done in a single word, and that would certainly 
be inquiry. 

Inquiry-based learning emphasizes the 
process of collecting information rather than a 
product producing and problem solving [6]. 
According to [7], students are experiencing an 
educational experience in which they learn 
about the world like a scientist by inquiry. In this 
lifelong process, students work on a real life 
problem, formulate the problem, create 
probabilistic solutions, establish causal 
relations by conducting various investigations, 
and reach learning. İnquiry learning is a method 
in which individuals find themselves in various 
activities, with effective learning, information 
organization, and improvement of knowledge 
circulation [8]. Despite the fact that the studies 
on inquiry-based learning are based on the 
20th century, it is seen that the studies related 
to this field in our country have been started in 
the 21st century and accelerated with the 
education reform in 2004 [9]. Studies on 
inquiry-based learning show that this method 
has positive effects on many variables such as 
motivation, attitude and academic success of 
the students. [10] have concluded that inquiry-
based learners have developed positive 
attitudes among students and that they have 
created higher interrogation skills, but have not 
had an impact on the students' scientific 
performances. As it is stated in the literature 
inquiry learning essential for students to gain 
the skills in our modern time. Therefore, it is 
important to examine the level of the inquiry 
learning perceptions of the students. In this 
context, the purpose of this study is to 
investigate the level of the inquiry learning 
perception of secondary school. 

2. Research Problems and Subpro-
blems 

In this study, the following research 
questions are investigated: 

1) What is the level of student inquiry 
learning perception? 

2) Is there a significant difference in the 
level of inquiry learning perception of the 
students according to: 
a) Gender variable? 
b) Parents’ education statue variable? 
c) Parents’ occupational statue 

variable? 
d) Parents’ income level variable? 
e) Private lesson statue variable? 

3. Method 

In this section, the study sample, the 
process of development of the scale and the 
analysis of the data are explained. 

3.1. Research Model 

In this study, the general screening model 
which is one of the quantitative research 
methods has been employed to examine the 
inquiry learning perception of secondary school 
students according to various variables.  

3.2. Participants 

The participants of the study compose of 
266 (112 Male, 154 Female) secondary school 
students studying in Afyonkarahisar in 2016-
2017 and have been selected by using simple 
random sampling. 

3.3. Data Collection Tool and Data Analysis 

‘Inquiry Learning Skills Perception Scale’ 
developed by Taşkoyan (2008) has been used 
as the data collection tool. The scale consists 
of 3 subdimension and 22 items. Cronbach’s 
Alpha value of the scale is.84.  

Before analyzing the data, the normality test 
has been used to decide which analysis would 
be carried out and it was concluded to use 
Kruskal Wallis and Mann Whitney- U. 

4. Findings 

The findings of the first research problem 
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Cartoon in Terms of Preschool 

Values 
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Abstract. Cartoons are used for children's 
learning, fun, amusing education as well as 
social values. Cartoons have great importance 
in teaching human values. In this study, the 
values in the cartoons 'Canım Kardeşim' were 
examined in terms of the values in the pre-
school education program. The data were 
obtained with notes taken during the monitoring 
of the videos. The model of the research was 
determined as a document review. Descriptive 
and content analysis were used in analyzing 
the determined values. As a result of the 
analysis made, some values such as helping in 
cartoon, love, respect, kindness, responsibility, 
patience, friendship, business association and 
honesty are reached. The common values of 
the skills, values and achievements in the pre-
school level were taken from the values in the 
'Canım Kardeşim' cartoon and it was reached 
that the values in cartoons can be determined 
and used in the education process of the pre-
school child. 

Keywords. Cartoons, Education, Value. 

1. Introduction 

Cartoons have an important place in 
children. a variety of cartoons are being 
broadcast on weekdays in the morning hours 
and on weekends both in the morning and 
during the day, when children are more likely to 
face the television in the national and 
international channels in Turkey. In addition to 
this, there are channels that broadcast via 
satellite only for children such as "Cartoon 
Network, TRT Child" and channels that 
broadcast cartoons almost every hour of the 
day. Cartoons display is not limited to TV 
channels only. Today, when it is common to 
use the internet environment, we have access 
to many things we want at any moment. 
Children are also able to watch cartoons 
whenever they want with the internet. Children 
who spend a large percentage of the day in 
cartoons have a great deal of education from 

cartoons. Cartoons are stronger in teaching 
social values than family, school or religious 
institutions [1]. Pre-school education for 
children's development is at least as important 
as the schooling period they will be at other 
ages. Pre-school education is the period when 
children first meet with the concepts of 
education, teacher and school [2]. The 
development of children in the social and 
emotional way shapes their personality. One of 
the main objectives of pre-school education is 
to educate citizens who have certain values 
and can take responsibility. It is generally 
accepted that there is a process of corruption in 
values. This corruption process, which takes 
place in values, also puts the educational 
institutions in a difficult situation such as 
violence. Therefore, the values that are tried to 
be given in the curriculum should reach the 
objectives [3], the adequacy of values for 
children and cartoons which are important 
elements for the development of children 
should be watched in terms of values. The 
purpose of this research is to determine the 
extent to which the values are included in the 
"Canım Kardeşim" cartoon broadcasted on 
TRT Çocuk channel and examine it in terms of 
skill, value and objective before the school. 

2. Method 

Document analysis, which is one of the 
qualitative research designs, has been 
employed. In the document review, printed or 
electronic documents are examined and 
evaluated systematically [4]. In this study, 
importance has been given to the age group in 
the selection of cartoons in terms of preschool 
values, it has been decided to analyse the 
cartoon named ‘Canım Kardeşim’ which is 
suitable for preschool age group. 

2.1. Sample/ Analysed Documents 

Canım Kardesim is a Turkish cartoon which 
is broadcasted on the TRT Çocuk channel. The 
characters are a primary school student Müge, 
her younger sister Mine, their mother Lale, their 
father Galip and their cat Mıncır.  

2.2. Data Collection 

Cartoons broadcast on children's channels 
have been examined for the collection of the 
data. It has been decided to investigate the 
'Canım Kardeşim' cartoon according to the rate 
of watching on the internet and the cartoons 
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that children can reach. The values which are 
detected in the cartoon have been examined 
according to the preschool student age. All the 
episodes of the cartoon, 109 episodes, have 
been watched and the episodes (71 episodes) 
which are about a value or a group of value 
have been analysed by taking notes. The 
archive of TRT Çocuk have been examined 
and it has been decided that the cartoons have 
such values as friendship, cultural objectives, 
learning and imagination. Notes have been 
taken during watching of the episodes. The 
cartoons with the values have been also noted, 
and the codes and themes were determined. 
The videos that have watched can be reached 
from [5-7]. 

2.3. Data Analysis 

The data in this study were evaluated using 
both descriptive and content analysis methods. 
This study also use content analysis as it 
attempts to reach concepts and relationships 
that can explain the collected data. Content 
analysis tries to identify the data and reveal the 
facts that may be hidden within the data. 
Content analysis is to bring together similar 
data within the framework of certain concepts 
and themes and to interpret them by organizing 
them according to a form that the reader can 
understand [8]. The collected data have been 
organized on the computer. After this process, 
the data are coded and divided into categories. 
The selected episodes have been watched 
three times by the researcher and re-watched 
by the intercoder to improve reliability.  

3. Findings 

Episodes have been watched and values 
have been noted. The cartoon consists of 109 
episodes in total. The 71 episodes where the 
values are found have been reviewed. A total of 
20 values have been found in 71 episodes 
have been examined. Some episodes have 
more than one value. Miles and Huberman 
formula have been used to calculate the 
reliability. The reliability has been calculated as 
78.01%. The values which have been found in 
the cartoon are listed as: '' Family Union, 
Friendship, Diligence, Courtesy, Honesty, 
Empathy, Brotherhood, Business Association, 
Happiness, Courtesy, Sharing, Holding, Being 
Healthy, Love, Respect, Responsibility, 
Cleaning, Patriotism, and Helping ''. It has been 
concluded that the values which have been 

detected in the cartoon are in accordance with 
the preschool curriculum.  

4. Result and Discussion 

It is aimed to determine the values given in 
cartoons for the pre-school curriculum in the 
study conducted. Values have been determined 
in the direction of pre-school skills, values and 
objectives. The values in the study have been 
related to the pre-school curriculum and the 
document analyis has been used in order to 
increase visuality in education. The Canım 
Kardeşim cartoon, composed of 109 episodes 
broadcasted on TRT children's channel, has 
been watched twice and notes have been 
taken. 71 episodes which include at least one 
value have been included in the study. The 
reliability have been found as 78.01 %. When 
we look at the frequency of passing values in 
the cartoon, we find that values of "courtesy, 
help, love" are values in almost every episodes 
and that "patriotism and family union" are 
values in lesser parts than other values. It has 
been concluded that the values in the cartoon 
are closely related with values in the preschool 
curriculum. 
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Abstract. The purpose of this study is to 
develop a five point likert scale called 
‘Curriculum Fidelity’. For this purpose, a draft 
scale consisting of 65 items have been 
represented to the field experts and it has been 
decided that 15 items should be excluded. The 
remaining 50 items have been given to 249 
teachers and the maximum likelihood has been 
used in the exploratory factor analysis of the 
scale in order to examine the structural validity. 
The remaining 28 items have been grouped 
into 3 factors. The explained variance is 62,753 
of the total variance. The Cronbach’s Alpha 
value is 0.94. Furthermore, item-total, item- 
remaining and item discrimination have been 
found significant. After exploratory factor 
analysis, it has been found that goodness of fit 
indexes are acceptable according to the results 
of confirmatory analysis (RMSEA= .075; CFI= 
.90; RMR= .08; GFI= .79; AGFI= .76; NNFI= 
.89). 

Keywords. Curriculum, Fidelity, Teachers. 

1. Introduction 

There are different definitions about 
curriculum in educational resources as it is 
comprehensive and multidimensional. 
Differences in the definition of the curriculum 
are based on the understanding of the 
scientists; as they consider different 
dimensions of educational practices or they 
emphasize different dimensions of an 
approach. the curriculum is defined as a plan 
that shows all the activities that are carried out 
in order to create a behavioural change in the 
individual and all activities which are to carry 
out the aims of the national educational in an 
education institution for children, youth and 
adults. In addition to these curriculum 
definitions, Eisner (1985) [1] focuses on the 
existence of several different curriculum, which 
are actually formal, implicit and neglected 
curriculum. While the curriculum prepared by 
the official institutions and sent to the related 
institutions is the official curriculum and the 

curriculum to be followed, the effect of many 
variables such as teachers' practices 
differences, school sub-structures, student 
differences cause differentiation of curriculum 
implementation, that is, Eisner's expression of 
functional curriculum and neglected curriculum. 

In the formation of different curriculum, the 
influence of what teachers are attached to the 
implementation of the formal curriculum is 
untenable. For this reason, in the 1970s, it 
became important to examine the concept of 
curriculum fidelity in the United States [2]. 
Curriculum fidelity is defined as the extent to 
which the implementers are faithful to aims of 
the curriculum developer [3-4], and to the 
extent to which the curriculum is implemented 
compared the original curriculum design [5]. 
Curriculum fidelity is defined and measured 
with five different dimensions [6-7] such as 
adherence, dose/duration, quality of curriculum 
delivery, participant response-veness, and 
curriculum differentiation. While it is notes that 
each of these dimensions are to be measured 
[3], there are other studies which note that 
there is no need to measure them 
separately.The need to measure curriculum 
fidelity [8] is the main reason for understanding 
curriculum implementation, testing theoretical 
assumptions, interpreting findings, and 
ensuring feedback [3-4,9]. In this way, 
feedback can be provided to the curriculum 
evaluation studies, as well as to the formative 
evaluation. From this point of view, it is very 
important to determine the level of curriculum 
fidelity of the teachers. 

2. Method 

In this section, the study sample, the 
process of development of the scale and the 
analysis of the data are explained. 

2.1. Sample 

The study sample consists of 249 teachers 
who have been working in the Aegean Region 
of Turkey during the academic year of 2017-
2018. There is different information in the 
literature about sample selection in scale 
development studies, a sample of 100 
individuals may be sufficient [10].  

2.2. Scale Development Process 

At the beginning of the creating the item 
pools, the studies on the curriculum fidelity 
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have been examines and the four open-ended 
questions have been created based on the 
literature. The questions have been asked to 
five teachers from different branches (2 English 
Language Teachers, 1 Classroom Teacher, 1 
Science Teacher, 1 Technology and Design 
Teacher) selected randomly and to the three 
Phd candidate in Curriculum and Teaching. 
Analysis of responses to open-ended questions 
and a review of relevant literature have 
revealed a total of 65 items expressing the 
curriculum fidelity. The five point likert type 
instrument has been presented to expert in 
terms of scope validity and a total of six items 
with narrative impairment, not related to 
curriculum fidelity have been excluded from the 
scale. After the necessary correction the 
remaining items have been applied to the 14 
teacher eight of which works in Afyonkarahisar, 
Turkey, and the others have been reached 
through the internet on a voluntary basis, and it 
has been decided that nine items have been 
excluded from the scale. After all the 
corrections, the remaning 50 items have been 
applied to 249 teachers working in 
Afyonkarahisar, Turkey. 

2.3. Findings of Exploratory Factor Analysis 

Kaiser Mayer Olkin (KMO) .941 and the 
Bartlett Test value of .000 (p <.05) have been 
found to be appropriate for factor analysis. In 
the exploratory factor analysis applied to the 
data obtained after pilot implementation of the 
draft scale, maximum likelihood has been used 
as a factorization technique. The item load 
value has been decided as 40 to exclude the 
items. When determining the factors in the 
exploratory factor analysis, the eigen value [11] 
and the screen plot [12] are used. In this study, 
3 factors with more than one eigenvalues have 
been determined when deciding on the number 
of factors. As a result of exploratory factor 
analysis, 22 items were excluded from the 
scale and a scale consisting of 3 sub-
dimensions named as 'Curriculum Fidelity' has 
been developed with 28 items. The Cronbach's 
Alpha value of the scale has been calculated as 
α = .944. The three factors explain 62,753% of 
the total variance. As a result of the Pearson 
Moments Correlation analysis performed for 
item total and item remaining analysis, it has 
been concluded that all the items in the scale 
have a significant correlation with the total 
score at 0.01 level, and item discrimination 

tested by t-test to the bottom and top 27% is 
also found significant. 

2.4. Confirmatory Analysis 

After the model of ‘Curriculum Fidelity Scale’ 
and its subdimensions, have been created, the 
model has been tried to be confirmed by 
confirmatory factor analysis. It has been 
decided that the subscales measure ‘practices, 
awareness and external factors’ respectively. It 
has been found that all the parameter 
estimations are significant at the level of .01. It 
has been found that goodness of fit indexes are 
acceptable according to the results of 
confirmatory factor analysis (RMSEA= .075; 
CFI= .90; RMR= .08; GFI= .79; AGFI= .76; 
NNFI= .89). 

3. Results 

A scale to measure teachers' curriculum 
fidelity level has been created at the end of the 
study. For this purpose, a 5-point likert-type 
scale consisting of 65 items has been prepared 
based on the answers of open-ended questions 
related to literature, expert opinion and 
teachers. This prepared draft scale has been 
first presented to the expert opinion and 6 items 
have been excluded in the direction of the 
feedbacks from the experts. Nine items have 
been excluded from the scale, which have not 
been understood through a pilot application 
with the remaining items or decided not to 
serve for scale purposes. With the remaining 
50 items, studies on the structural validity of the 
scale have been carried out. Firstly, exploratory 
factor analysis has been carried out in the 
study. As a result of the exploratory factor 
analysis, KMO value (.941) and Barlett test 
result (p <.05) have showed that the data have 
been appropriate for factor analysis. The load 
values of the items have been determined to be 
.40, and it has been decided to remove the 
items under this value. A total of 22 items that 
have not complied with the relevant criteria 
have been excluded from the scale and the 
scale has been composed of 3 separate factors 
and explained 62,753% of the total variance. 
Furthermore, item-total, item-remaining and 
item discrimination have been found significant. 
As a result of confirmatory factor analysis, good 
fit indexes of scale χ2 / df = 2,12; RMSEA = 
.075; CFI .90; RMR = .08 and GFI = .79 
respectively. Although the good fit indexes of 
the scale do not show perfect fit, the results are 
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within acceptable limits and close to acceptable 
limits. 
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Abstract. The purpose of the article is to 
identify and substantiate the pedagogical 
conditions for the forming a model of a modern 
technical specialist with a high level of 
professional skills, and skills of transforming 
scientific data, incomprehensible to the ordinary 
people into interesting and understandable 
information that will promote greater attraction 
from young people to scientific problems. The 
necessity of forming a professionally oriented 
world outlook for international students in their 
future scientific and technical activity by using 
interactive pedagogical technologies of 
science’s popularization such as: distance 
courses of science popularization; integration of 
the academic subjects and extracurricular 
activities in a technical university with creating 
a learning environment aimed to a modern 
technical specialist forming, is substantiated. 

Keywords. Integration Training, Model of 
Modern Technical Specialist, Pedagogical 
Conditions, Popularization of Science. 

1. Introduction 

The interest in scientific work and 
engineering professions has significantly 
decreased in recent years. This situation is 
typical for many countries, and, of course, for 
Ukraine. All over the world, scientists and 
researchers are trying to solve the problem of 
“science popularization”, to encourage young 
people in obtaining scientific knowledge and 
conducting scientific research, forming scientific 
skills. Scientific festivals and theaters, Internet 
conferences, online interviews of scientists, 
news, magazines, books, radio and TV 
programs and many others are used to solve 
this problem. 

Stephen Hawking emphasized the fact that it 
is very important to create public interest at 
least about those scientific areas that are very 
interesting to study [1-4]. He noted that science 
is often taught in not very interesting form. 
Young people do not see the connection 

between science and the world around them; 
they learn only to pass the exams. Hawking 
also said that teachers should actively promote 
science among students and schoolchildren, 
underlining that the development of science 
and technology is possible only if the interest in 
society in these areas of activity is high enough 
[5]. It is advisable to use the whole arsenal of 
modern means, in particular, the Internet, 
mobile communication opportunities, 
advertising, etc. 

2. Recent research and publications 
analysis 

Nowadays Europe builds a knowledge-
based economy, because Europeans 
understand that progress is impossible without 
implementing scientific research. The world has 
reached such a degree of development, when 
society absolutely needs a threshold of 
knowledge that guarantees security and a new 
quality of life [6]. That's why there are many 
programs for increasing interest in science by 
the public. One of the most popular is the 
Horizon 2020 program with a budget of 17.5 
billion euros. Moreover, the European and 
American Funds of Science conducted a joint 
study to analyze the problem of popularizing 
science in different countries of the world. The 
results showed that in the United States 
scientific popularization has been put on a very 
high level [7]. 

In addition, the United Kingdom also should 
be noted as the state provides significant 
support for popularization of science: a special 
commission whose purpose is to explain to 
people why science is important and a special 
TV channel, which deals exclusively with the 
promotion of scientific knowledge, were 
created. The European Center for Science and 
Art named Alpha Galileo Press was organized 
[8]. Among many popular European 
publications, it should be noted British Journals 
Nature and New Scientist, which provide 
information about scientific achievements, and 
even the only publication in these journals is 
often considered more valuable for scientists 
than dozens of articles in other editions [9-10]. 
As a result, the interest of great part of British 
youth is directed toward the natural sciences. 

Scientists all around the world propose to 
follow some basic principles of effective 
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science promotion. Among them are the 
following: 

 Adaptation of a complex scientific 
phenomenon to some essential formula 
depending on the audience. 

 Using the principle of analogy like 
comparing the scientific phenomenon 
with everyday life, so that the first 
became clear.  

 Making messages about scientific 
phenomenon with emotional attitude. 

 Clear balance of depth of detail and 
calculation of the uninformed reader, 
rigorous dosing of the message logic. 

3. Objective 

A large number of students from more than 
148 countries study in Ukraine. An important 
condition for improving the popularization of 
science among international students is their 
awareness, possibility of access to specific 
scientific information adapted for them 
especially in the first stage of studying. 
Scientists of Ukraine are exploring the effective 
ways of solving the problem of science 
popularization among international students, 
but, unfortunately, these issues still require 
careful attention from researchers and 
teachers. 

The objectives of the paper are as follows: 

 providing foreigners with systematic 
knowledge of the famous scientific 
inventions both in Ukraine and all over 
the world; 

 acquaintance with the peculiarities of 
educational process associated with 
various scientific areas and scientific 
research; 

 development a comprehensive 
psychological and pedagogical program 
for the science popularization as a tool 
for increasing the effectiveness of 
international students’ adaptation to 
new living conditions, as well as the 
prevention of extremism and 
xenophobia. 

Due to the program’s implementation, a 
concept of educational material was formed; a 
methodology for presenting scientific 
information was prepared; a technology of its 
implementation was developed; a pedagogical 
experiment was conducted as a logical 
continuation of theoretical research and 
checking their reliability, assessing the 
effectiveness and practical significance of the 
program. 

4. Program of science popularization for 
international students 

For many decades, NTU “KhPI” pays great 
attention to the popularization of science 
among international students. Thus, 
international students are given the maximum 
timely assistance in adapting to a new socio-
cultural environment in order to achieve 
comfortable integration into the Ukrainian 
scientific and educational environment, as well 
as in assimilating new methods of obtaining 
scientific knowledge. 

Most foreign citizens have a low level of 
awareness of science in general and scientific 
activity in Ukraine, in particular. Therefore, at 
the first stage of the program’s implementation, 
special conditions for the elimination of the 
above-mentioned complexities should be 
provided.  

It is well-known that due to differences in 
cultures and national mentality, there specifics 
in different spheres of life, including the 
perception of the scientific research 
significance. In addition, some differences in 
people interaction, manner of communication, 
and doing business in scientific area are 
reflected in all life spheres, so knowledge of 
these differences significantly affect the 
success of the popularization of science among 
foreigners. 

In our opinion, the program of science 
popularization for international students should 
begin immediately after their arrival in Ukraine.  

That’s why, “Acquaintance Lessons” were 
created by professors of the Department of 
Natural Science of NTU “KhPI”. There are 
acquaintance with the most important scientific 
objects of NTU “KhPI” and other Kharkiv 
universities; special classes in English, French 
and other languages for informing about 
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The results of the analysis of the 
establishing stage allowed making conclusion 
about little awareness of international students’ 
regarding achievements, problems and 
significance of scientific research. 

 

Figure. 1. Answers of international students of 
NTU “KhPI” to the question “Which additional 

training courses you consider expedient to 
study in training technical specialists at the 

university” 

The next stage of the study was the forming 
experiment. The tasks of the forming stage of 
the pedagogical experiment were as follows: 
acquaintance of international students with the 
basic concepts of international scientific 
research; analysis of the main theoretical 
positions on the science popularization, 
developed both on foreign and Ukrainian base; 
identification of appropriate variants of science 
popularization among international students in 
Ukraine. To conduct the forming stage of the 
experiment, interactive courses “Features of 
scientific research”, “Science in Ukraine” and 
“Science in NTU “KhPI” were developed, the 
educational tasks based on investigation real 
science issues were formed. 

Educational material was developed in the 
form of interactive lectures and cases. Students 
received information about the history of the 
certain technical devices invention, as well as 
about the actual problems that modern 
scientists are trying to solve.  

The material of the lectures and cases was 
not burdened with formulas and specific 
scientific terms; the process of creating a 
certain technical tool was based on a statement 
of what key scientific problems existed at each 
stage and whom and how they were solved. All 
these were contributed to raising the interest of 
the audience to science popularization. In 
addition, some lectures and practical classes 
were conducted in the form of “round tables” 
with participation of international postgraduate 

students of NTU “KhPI” and other higher 
educational Ukrainian institutions. 

At the stage of the forming experiment, the 
following events were also carried out: 

a) international students’ conferences with 
discussion of modern scientific 
developments’ practical significance; 

b) meeting with well-known scientists who 
have made a significant contribution to 
the development of science; 

c) excursions to the Kharkiv scientific 
museums; 

d) excursions to the leading departments 
of the NTU “KhPI” with demonstration of 
their scientific achievements. 

The NTU “KhPI” international students’ 
scientific community was created, and 
foreigners from Ukrainian higher educational 
institutions have possibility to share their 
experience of training, answer questions, 
provide consultations etc. through the Faculty 
of International Education NTU “KhPI” 
Facebook [12-13]. 

The final stage was a comparative 
experiment, the essence of which was the 
attitude of learning outcomes in experimental 
and control groups. The instrumental tool of the 
comparative stage of the experiment was 
psychological and pedagogical diagnostics, 
which was conducted before studying the 
course in experimental groups and after its 
completion. International students gave 
answers to the same key problems associated 
with the popularization of science, which were 
offered to them for analysis at the stage of an 
establishing experiment.  

According to the plan, two diagnostic 
sections in two groups of respondents were 
conducted: before and after completion of the 
pedagogical experiment. At the beginning of 
the experiment, the groups did not differ much 
in terms of cognitive activity: one third of 
students had low levels of educational activity, 
demonstrated passivity and apathy, and 
reluctance to leave the hostel. After 
implementation the proposed program in the 
experimental group, the percentage of 
international students with a high level of 
activity increased from 17 to 33%, the 
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percentage of international students with an 
average level of activity increased from 47 to 
62%, and the percentage of international 
students with a low level of activity decreased 
from 36 to 5%. The situation in the control 
group remained almost unchanged.  

The obtained results of the experiment 
indicate that the program of popularization of 
science among international students 
contributes to increasing their level of 
educational activities, and acceleration of the 
process of adaptation to new conditions. 

 

Figure 2. Comparison of the experiment’s 
results before and after the program of 

popularization of science implementation 

5. Conclusions 

A program of popularization of science 
among international students will be useful for 
solving following tasks: 

 increasing the number of international 
students who will be actively engaged in 
postgraduate and doctoral studies; 

 international students’ involvement in 
further scientific activity and 
continuation of appropriate training; 

 promoting education at Ukrainian 
universities for those young people who 
are just about to come to Ukraine to 
study; 

 increasing an intercultural competen-ce 
of all participants. 

Teachers, sociologists, specialists in 
technical and natural sciences should be 
involved in activity regarding preparing 
educational materials for the program of 
science popularization implementing. 
Furthermore, there is a strong necessity to 
study the forms and methods of science 
popularizing used in world practice. 

Technologies of implementation the proposed 
program provide several areas of preparatory 
work: development of the necessary training 
materials, teachers’ training, and using different 
forms of multimedia presentation and computer 
simulations. 
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Abstract. The analysis of the prospects of 
attracting scientific student communities for the 
development and popularization of science 
among young people, as well as their role in 
the STEM education program, has been carried 
out. The results of the work of the student 
scientific association "Electrolium" are 
presented. The evaluation of the effectiveness 
of the functioning of informal student 
associations in the popularization of science in 
the conditions of the modern higher school of 
Ukraine. Positive changes are demonstrated 
not only in the current progress of students who 
are participants in a student scientific 
association, but also in their personal 
characteristics. 

Keywords. Competence, Knowledge Genera-
tion, Research Work, Student Association. 

1. Introduction 

Under the conditions of reforming the 
system of higher education in Ukraine, scientific 
student associations are acquiring special 
urgency, since the integration of research work 
into the process of professional training of 
future specialists allows improving the quality of 
education. The current world trend is the 
increase in the number of student associations 
and their members, the expansion of activities, 
as well as the effectiveness of their influence 
on the formation of skills and competencies of 
participants in such associations [1-2]. 

The creation and functioning of scientific 
student associations will allow to reveal the 
creative abilities of each student, to form 
additional knowledge, professional and 
scientific skills, to develop positive personal 
qualities and communication skills in modern 
society [3]. This will enable students to better 
prepare for future professional activities in the 

competitive world, which is one of the 
necessary components of modern education. In 
addition, the effective work of scientific student 
associations provides opportunities for the 
development of science in the environment of 
modern higher education institutions, 
involvement of young people in science, as well 
as popularization of science in modern society. 

Thus, the study of the peculiarities of the 
functioning of scientific student 
associations and their influence on the 
formation of students' competences in the 
conditions of the modern higher school of 
Ukraine is an important and timely task. 

2. History of creation and modern 
student community 

The history of the creation of student 
communities dates back to the creation of 
universities. Virtually every university in the 
world has its own student councils, fraternities, 
nursing or committees. And if we have heard 
about fraternities in the United States from 
famous films and TV shows, then we know 
much less about student organizations in 
European countries [4]. However, this does not 
detract from their merits and the benefits that 
any student gets thanks to them [5]. After all, 
membership in student communities is often an 
important (significant) factor for employers and 
business leaders, in which a university 
graduate intends to work. 

In the USA, the “student organization of 
Greek letters” has achieved more success [4]. 
That is, brotherhood and sisterhood, taking for 
the names of the letters of the Greek alphabet. 
The first such organization was (Phi Beta 
Kappa), formed on December 5, 1776, in the 
year when the United States gained 
independence, at the College of William and 
Mary (Virginia). Despite its semi-official 
foundation, this organization is the oldest in the 
United States and around the world. 

The first officially registered student 
association was (Chi Phi), which opened its 
doors to students at Princeton University on 
December 24, 1824. However, the fraternity 
was completely masculine (which is why 
fraternity was called), since at that time women 
were not accepted into higher education 
institutions not only in the USA, but practically 
all over the world. 
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On April 25, 1867, the world's first 
sisterhood began to function - the organization 
L.C-sisterhood (Phi Beta Pi). It was the first 
women's student organization. 

An interesting fact is that almost 22% of the 
US government is from student fraternities and 
sisterhoods. Many managers and media 
workers have also gone through a similar 
experience. 

In Germany, the development of student 
fraternities began in the days of the Austrian 
Empire [4]. Only members of aristocratic 
families or people from the wealthy class of 
merchants and the middle class could enter 
universities in Europe. Thus, in the universities 
of Germany (for example, at the Heidelberg 
University) the first student fraternity was 
founded by aristocrats and received the name 
"Corps" (Corps). Burschenshaft is a fraternity 
founded much later, during the time of the 
German Empire. Burshenshaft adhered to 
conservative right-wing nationalist views and 
were the most widespread among students, 
since they accepted members to themselves, 
regardless of class or financial position. 

Also in Germanic universities there were 
such student communities as Landsmanshafta 
(members of such a fraternity should belong to 
the same geographical region), Turnershaft 
(sports fraternity), Zingsherftah (singing 
societies), and various religious communities. 

Today, student Germanic fraternities are 
divided by interest group. The most popular 
youth council in Germany is the “Vanderfogel” 
(migratory bird) - a fraternity advocating for 
individual freedom. 

Italy from the Middle Ages suffered from the 
dictatorship of the Papacy, as well as a 
significant number of clergy who participated in 
the leadership of the country (more than 50%) 
[4]. That is why the freedom-loving students in 
Italy and began to create fraternity - in protest 
against control and dictatorship. This is how the 
secret communities of "rowdy" or Golardias 
appeared, many of which still exist today. 
Modern Gollardias are built according to this 
principle - the head of the organization is in 
every city and university, and each of them has 
a name fixed by tradition: in Perugia it is called 
the Griffin, in Turin - the Pontiff, in Pavia - the 
Tower, and so on. Traditions that existed in 
Gillardii has long been maintained now. 

In Ukraine, student fraternities began to be 
created during the Russian Empire, when most 
of them were banned. A striking example of 
such a student society was the Cyril and 
Methodius Brotherhood, which included Taras 
Shevchenko and several other famous 
graduates of the Kiev-Mohyla Academy. 

Today, student communities are established 
and operate in many universities of Ukraine: 
fraternity in Lviv Polytechnic, National 
University Ivan Franko, the brotherhood of the 
Karazin University and many others. 

Ukrainian student communities are often 
very similar to student parliaments and 
councils, they mostly do not have a specific 
name. Membership in student communities 
today is an essential basis for cultivating 
responsibility, self-discipline, as well as 
leadership qualities. 

3. Analysis of the student scientific 
community “Electrolium” work 

The student scientific community 
“Electrolium” was established at the National 
Technical University “Kharkov Polytechnic 
Institute” in September 2016 and it included 
more than 30 students from three departments: 
“Electric Power Transmission”, “Electric Power 
Plants”, “Automation and Cybersecurity of 
Energy Systems”. These were mostly 4th and 
5th year students. During 2019, two graduate 
students entered the team. The leaders (tutors) 
are 4 teachers. It should be noted that 
graduates of NTU "KPI", who were part of the 
student scientific community “Electrolium” 
continues to keep in touch with the active 
participants, which allows not only to ensure 
continuity in the community’s activities, but also 
ensures that its participants communicate with 
representatives of the professional environment 
in which students later have to work. This fact 
allows us to provide a focus on the needs of 
modern energy enterprises. 

The dynamics of changes in the number of 
participants in the student scientific community 
"Electrolium" is presented in Figure 1. Data 
analysis Figure 1 indicates an increase in 
participants. 
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 the 2nd All-Ukrainian Festival of 
Engineering Talents "Future of Ukraine 
2019" with the participation of 
Progrestex-Ukraine, Tukana 
Engineering Ukraine, Boeing Ukraine, 
whose main goal is to promote 
engineering education, popularize the 
engineering profession, search, 
promote and support creative, talented 
youth, who plans to link their future with 
engineering activities. 

Among the most important social projects in 
which members of the student scientific 
community “Electrolium” took part should be 
noted: 

 the festival of social youth initiatives of 
the UPSHIFT Ukraine 2019 program, 
organized by the Professional 
Development of Kharkiv Foundation and 
dedicated to solving social problems 
through innovative projects; 

 the Red Bull Basement University - 
2018 project, in which students make 
positive changes on their campus and 
implement ideas for changing their 
university space. 

Information on the main results of the work 
of the student scientific community 
"Electrolium" is presented in Table 1. 

Table 1. The results of the work of the student 
scientific community "Electrolium" 

Name Number
Publication of articles > 10 

Abstracts of conferences > 50 
Scientific papers presented at international 

and All-Ukrainian competitions 
7 

Science projects 2 
Social projects 3 

The involvement of students and their active 
work in the student scientific community 
"Electrolium" contributes to: 

 the formation of a number of 
competencies (professional, research, 
communication, social, organizational), 
allowing to improve the level of training 
and general competence of future 
specialists (bachelors and masters) [6]; 

 improving the academic performance of 
the scientific community; 

 development of communication skills in 
various academic, scientific, social and 
social groups; 

 formation of personal qualities of 
community members, allowing them to 
fully (or maximally) realize the potential 
of their development in scientific and 
public life. 

Formation of professional skills of students 
when working in the student scientific 
community "Electrolium" is carried out: 

 deeper and more detailed acquaintance 
with the most pressing problems of the 
electric power industry; 

 the use of modern means and methods 
for solving tasks; 

 development of skills for working with 
high-voltage equipment; 

 practical experience in performing 
experimental studies and processing 
the results obtained. 

Research competencies are formed among 
members of the Electrolium student scientific 
community as a result of: 

 the ability to independently formulate 
and solve the problem; 

 the ability to independently acquire new 
knowledge; 

 the ability to independently find possible 
solutions and justify their correctness; 

 the ability to represent and protect the 
results of research. 

The formation of communicative 
competences of students when working in the 
student scientific community "Electrolium" is 
carried out with: 

 ability to work in a scientific team; 
 awareness of their personal role in the 

team of researchers (the generator of 
ideas, critic, performer, organizer, 
moderator, etc.). 

Social competences are formed by students 
of the student scientific community 
"Electrolium" due to: 



Hands-on Science. Innovative Education in Science and Technology 
© 2019 HSci. ISBN 978-989-8798-06-0 
 

 

 

153 

 the ability to adapt the scientific results 
obtained to solve various social 
problems; 

 the formation of skills of participation in 
social projects; 

 develop communication skills with 
various social groups and their 
elements; 

 the ability to present the results of work 
in various social groups. 

Organizational competences of students of 
the student scientific community “Electrolium” 
are formed due to: 

 the ability to form a sequence of solving 
the task and identify the main stages of 
its solution; 

 the ability to formulate and provide the 
basic conditions for obtaining a result. 

Analysis of the results of the academic 
performance of participants in the student 
scientific community “Electrolium”, which are 
presented in Table 2, allows us to conclude that 
the performance of participants in the student 
scientific community “Electrolium” is higher than 
in other students of academic groups.  

Such results confirm the fact of 
strengthening the connection between scientific 
and educational processes in the specialists 
training higher education. 

Observing the participants of the student 
scientific community “Electrolium” for several 
years, it should be noted that they have 
developed such qualities as discipline, 
responsibility, education, sense of duty, 
decisiveness, initiative, practical thinking, 
technical fantasy, ability to criticize and self-
criticism, concentration of the problem to be 
solved, perseverance in obtaining a result, 
perseverance in the performance of tasks, the 
ability to work with information, the ability to 
defend their point of view, the ability to make 
deliberate and rational decisions, 
communication skills in teamwork. All these 
qualities are necessary and important for 
students for a successful professional career. 
This testifies to the positive influence of 
creative and scientific activity on the formation 
of both basic research skills in the specialists 
training higher education and personal qualities 
for building a successful professional career. 

In general, the results confirm the positive 
impact confirms the positive impact of the 
creation and functioning of the student scientific 
community "Electrolium" on its members. 

Table 2. The results of the academic 
performance of participants in the student 
scientific community "Electrolium" for the 

2018/2019 academic year 

C 
O 
U 
R 
S 
E 

Students 
category in 

an 
academic 

group 

Session average 
score 

Fall 
semester 

Spring 
semester

3 

Members of 
the scientific 
community 

86 91 

Non members 
of the 

scientific 
community 

83 82 

4 

Members of 
the scientific 
community 

91 94 

Non members 
of the 

scientific 
community 

88 90 

5 

Members of 
the scientific 
community 

93 96 

Non members 
of the 

scientific 
community 

89 92 

4. Conclusions 

Analysis of the results of the work of the 
student scientific community "Electrolium" 
allows to draw conclusions about the overall 
positive results of the community: increasing 
academic performance of students who are 
members of the student scientific community 
"Electrolium", increasing the level of knowledge 
and skills, the formation of professional skills 
and general competence, development of 
personal qualities, as well as sociability. Thus, 
the integration of research into the process of 
professional the training of future energy 
industry specialists allows to improve the 
quality of education of students, as well as 
contributes to the popularization and 
development of science in higher education. 
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STEAM Project: 
«Zodiac constellations» 

H Atamanenko, Y Atamasenko, 
I Rozumenko, L Chorna 

Kalynivsky Educational Complex #1, 
Kalynivka, Ukraine 
16081990@ukr.net 

Abstract. The main goal is to acquaint pupils 
with zodiacal constellations, to continue forming 
a scientific outlook, to develop a cognitive 
interest in the natural sciences, to cultivate a 
sense of responsibility and ability of 
cooperation in a team; to improve knowledge 
about the etymology of names and the 
mythology of zodiacal constellations with their 
subsequent realization in practice; to learn how 
to collect data in different ways, to analyze and 
organize them; to make a zodiac circle, models 
of zodiacal constellations in various techniques 
of decorative and applied arts; to analyze the 
digital RGB code of stars, to deepen the 
knowledge of foreign languages through the 
studying new vocabulary based on the 
introduction of grammatical structures.  

Many people do not even realize that the 
Zodiac constellations control the laws of human 
lives, both from the outside and inside parts of 
the world. People usually turn to the zodiac for 
help with financial affairs, travelling, career, the 
date of marriage and military strategies. And 
they also argue that the zodiac signs of their 
birthdates may determine their features of 
character, temperament, ability, appearance 
and other peculiarities. 

Keywords. Astronomy, Hands-on Activities. 

1. Introduction 

The Earth is one of the innumerable celestial 
bodies. In order to study the Earth more 
properly, it is necessary to find out what exactly 
is happening around it [1]. The human life 
mostly obeys to the "heavenly" schedule. 

Therefore, the zodiac signs constantly 
continue playing an important role in lives of 
many different people. Even those who do not 
trust the horoscope may occasionally appeal to 
it for fun or curiosity. However, some of the pre-
emptive astrologers can occur. But does it 
mean that looking for the information about 

stars is rational? Do the zodiac constellations 
affect on humans and their lives? What type of 
temperament do people have due to zodiac 
signs? What materials can you use to make 
models of the constellations? Is there any 
dependence between the wave length of the 
light and the RGB code? 

For this project you need: a telescope, some 
hardware (a computer and a projector), 
software (Microsoft Office software package), 
fiber board, aerosol paints, LEDs, lithium 
battery – 2032, various secondary raw 
materials, natural materials, textile materials. 

2. The algorithm of work with pupils 
2.1. The general theoretical information 

about zodiac constellations 

While the sun is setting beyond the horizon 
and the night comes, everyone can enjoy with 
the divine masterpiece – our night starry sky. 

We all love to observe these countless 
brilliant points, which the sky is filled with. A 
person has dreamed of the sky for a long 
period, even he called the constellations with 
human names. 

For better distinguishing the stars, in ancient 
times astronomers grouped them together 
thousands of years ago, as if they were points 
of an imaginary figure: a lion, a snake, weights 
or other objects or mythological creatures. 

In the original Greece zodiacal 
constellations were divided into a special 
group, and each of them was assigned its sign. 
In the past more than 2000 years ago, the 
zodiac signs were shifted so that concerning 
between the coordinates of constellations and 
symbols does not. So there`s no 
correspondence between the dates of the Sun 
entry into the zodiacal constellations and the 
appropriate zodiac signs. Modern boundaries of 
the zodiacal constellations do not correspond to 
accept in the astrology ecliptic division into 
twelve equal parts. They were established by 
the General Assembly of the International 
Astronomical Union (IAU) in 1928. 

And, as a result, at the present time, the 
ecliptic also crosses the constellation of 
Serpent Bearer (however, it is traditionally that 
Serpent Bearer is not considered as the  
zodiacal constellation), and the limits of finding 
the Sun within the constellations can range 
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from seven days (the constellation of Scorpio) 
to one month sixteen days (the constellation of 
Virgo). 

The constellations of Fish and Capricorn are 
fully visible in the southern regions of Ukraine, 
the rest constellations - throughout its territory. 

2.2. Practical skills and the first stages of 
work on the topic – the creating a 
zodiac circle 

It is necessary to prepare patterns of 
constellations on paper and to transfer them to 
the fiberboard, then cut out and set the 
illumination of the main constellation stars [2-3]. 
This task is made by pupils of the 8-9 forms. So 
the pupils need to complete the following 
points:  

 find images of the constellations 
through the Internet; 

 transfer to the fiberboard from the paper 
using a multimedia projector; 

 cut by contour with a jig saw; 
 paint the billets; 
 drill some holes for the main stars 

position; 
 install LEDs with polyamide glue; 
 split according to the parallel connection 

principle; 
 install power sources - light batteries, 

voltage 3 V; 
 balance the load on the various 

shoulders of the electric circuit with the 
help of coal-ceramic resistance. 

 
2.3. Production of constellation models 

Make models of constellations from different 
materials and in different techniques (this task 
for primary school pupils). Students should take 
steps such as: 

 determine the technique of making 
models; 

 prepare materials and tools; 
 make templates; 
 transfer the template onto the material; 
 produce a model. 

 
 

 

2.4. Study of the spectrum of the star's 
glowing through the RGB code  

To investigate the spectrum of constellation 
stars glowing using RGB codes it is needed to 
find the answer to the following questions: 

1. What constellations and when exactly 
can be seen in our area? 

2. Is there a dependence between the 
wavelength of the light and the RGB 
code? 
 

After that, students begin to complete their 
tasks: 

 find an opportunity to capture the image 
of the field of view of the telescope; 

 find a way to determine the RGB 
encoding for the light of the main 
constellation stars; 

 create a wavelength and the RGB code 
matching table. 
 

2.5. The investigation of the zodiac 
constellations effect on human life, 
character, fate, ability, doing business 
and fashion trends. The extending 
knowledge about zodiac constellations 
and explore their impact on people 

 
Pupils should answer the next questions: 
 
 How do zodiac constellations affect 

people's lives? 
 What is the etymology of the 

constellations names? 
 What are the ancient myths about the 

constellation? 
 Does the constellation affect the 

business? 
 What kind of temperament do students 

have due the signs of the zodiac? 
 Do they need to choose clothes 

according to the zodiac sign? 
 How are zodiac constellations 

represented in art? 
 How are constellations located on the 

coordinate plane? 
 

So, it is evidently the chosen theme of the 
project is a burning issue because our 
character, our destiny and activity are quite 
directly dependent on a certain zodiac sign. 
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Changing the hairstyle, haircut or make-up we 
can significantly draw our luck and success. 

 
3. Conclusions 

Congratulations!!! You have created the 
ideal zodiac circle, produced magnificent 
models of the zodiac signs, investigated their 
effect on life, destiny, character, type of 
temperament, people's abilities and behavior, 
doing business and fashion trends; studied 
constellations from different points of view in 
the closed interaction with other school 
subjects. 
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methodology since rated very high (with scores 
of near 4.5) our SCP with respect to its 
organization and general planning; prior 
dissemination; timetable; instructors and 
volunteers; hands-on experiments; match 
expectations; the degree of satisfaction; ... 
They also would recommend their friends to 
participate in SCP. The positive reply of 
participants as indicated in the survey results 
reiterates the success of the proposal. It was 
clear from the survey results that the students 
generally agreed that the SCP was more 
interesting than typical masterclasses or 
conferences. We think that SCP enables 
students to look at the world of light in a 
different way after the participation since, in 
most cases, they saw activities that they have 
never seen before and made experiments that 
they had never made before. 
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Abstract. The world around us is in constant 
changes, implying a change in the educational 
paradigm that is geared towards the 
development of competences. These 
competences are linked to the knowledge of 
the nature of science, scientific literacy and 
scientifc argumentation including the 
knowledge about technology [1]. Recognizing 
the role of history and philosophy of science in 
teaching, defended by Ernest Machin 1887, 
Michael R Matthews in 1989, Pierre Duheimin 
1906 and John Dewey in 1920 many 
researchers in Physics Education have chosen 
this method to make teaching science more 
graceful, which is a consensus option. 

The practice has shown that the experimental 
component is being neglected, although it is 
implicitly linked to history and philosophy of 
science. The purpose of this study is to 
describe the learning environment of 
electrostatics in grade 11th in the traditional 
way. Later is also analyzed the students 
learning through the integration of electrostatic 
historical experiments as a didactical tool in the 
classroom. Other objective of this research isto 
evaluate through the historical view, the 
potential of developing new perspectives of 
teaching and learning physics in Mozambique. 

The reason of selecting electrostatic is because 
the contents taught are merely abstract and 
they play a role to the explanation of 
electrodynamics concepts such as electrical 
current, voltage, concepts and laws related to 
generation, transport, conservation and 
distribution of electricity. The concepts of 
electrostatic and electrodynamics are all related 
to the operation principle of different electrical 
appliances and also the foundation of 
technology.  

The experience shows that when learners are 
asked to show their creativity in terms of 
building Physics experiments, they tend to 
electricity among other fields of Physics in the 
secondary school such as Matter structure, 
Mechanic (Kinematic, Dynamic and Static), 
Work and Energy, Thermal phenomena, Solid 
and Fluid Statics, Geometrical Optics, 
Electricity and Magnetism, Electromagnetic 
Waves, Black Board Radiation, Atomic Physics, 
Nuclear Physics, Fluid Mechanic, 
Hydrodynamic, Gas and Thermodynamic, 
Oscillations and Mechanic Waves.  

So in this research is considered that the 
learner’s enjoyment is to understand the 
concepts of electricity which starts from the 
knowledge of electrostatics, the main focus of 
this study. Whereas, physics is an empirical 
science, where the observation and 
experimentation play a crucial role in the 
treatment of contents. Therefore, the goal of 
this research is to analyses the effect of 
historical devices of electrostatics in learning 
electrostatic concepts and phenomena, 
including building the nature of science and 
improve academic literacy to grade 11th 
learners in Mozambique.  

Historical devices were built by the scientists in 
the past and played an important role for 
design, development of theories, concepts, and 
laws actually accepted. In this research, 
Historical experiments are applied to teach the 
electrostatics concepts such as electric charge 
and its proprieties; electric field and its 
proprieties, electrical potential to grade 11th 
learners. Is important to refer thatthis 
approaches is also emphasized in the Physics 
teaching program of Mozambique when it 
consider that with the inclusion of some 
elements of historical focus in the programs, it 
is intended, in particular, that students know 
aspects of the life, work, activity and points of 
view of eminent scientists and develop 
appropriate moral values [2].  

These concepts are raised from the historical 
view through the use of electrostatics 
experiments, worksheets, posters and short 
historical videos about electrostatics. When the 
learners are passive in the learning process, 
then the learning is called traditional. In this 
process the learners do not build their own 
understanding of science. The teacher’s 
activities are based on delivering the content by 
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exposing in the board or by dictating. The most 
prevalent VAK, teaching style in the traditional 
methodology is auditory.  

The common didactical resources used in the 
traditional style are based on chalk, black 
board, rulers, test books, exercises books and 
exercise sheets for students. Sometimes it is 
possible to find some experimental materials 
for demonstration where students observe and 
try to describe phenomena, but they do not use 
worksheets. In addition, the common activities 
of students in the class are related to write 
notes and solve exercises based on data 
replacement. Through these elements is 
possible to say that there is rote or mechanic 
learning of Physics contents. 

To integrate this approach in the classroom will 
be applied the theoretical framework of Model 
of Education Reconstruction (MER) [3] and the 
Cognitive-Historical Reconstruction (CHR) [4]. 
MER is composed by three core elements (1) 
Design and evaluation of teaching and learning 
environment in this case about electrostatics, 
(2) Research on teaching &learning (3) 
Clarification and analyses of science contents. 
Nevertheless, CHR is also composed by two 
core elements such as [5] contemporary model 
related to conceptual structure and [2] historical 
model relate to cognitive process.  

To fulfil the application of this model a course of 
13 lessons is designed where material are 
provided by the researcher. Two schools in the 
rural area of Sofala Province were selected as 
the population and sample of (N=400).The 
selected sample is divided in control and 
experimental group and the methodology of 
Pre-test, intervention and post-test is applied. 
The Pre is divided into 2 parts, the first is 
motivation test of 25 questions SMQ II of 
reliability α=0.92 [1] measuring 5 factor 
analyses elements (intrinsic motivation, career 
motivation, self-determination, self-efficacy and 
grade motivation).  

The second part is learning outcome test, 
measuring the common misconceptions of the 
students about electrostatics. The results of this 
step allow to the researcher to design materials 
and lesson plans for intervention. In this pre-
test and post test period both groups control 
and experimental group is assessed in the 
same way. The only difference will be in the 
intervention, where the experimental group the 

13 lessons course will be designed while for the 
control group the activities will be the chalk 
based and all normal activities of the lessons. 
For this, the sample will be randomized to 
create an experimental group (200) and control 
group (200), assisted by two teachers T(1) and 
T(2). Semi-structured interview for Physics 
teachers took place to diagnose their PCK 
regarded to electrostatics contents. The first 
step of this research is the validation of the 
instruments learning outcomes test and guide 
of interview for Physics teachers. The results to 
be presented in this conference are regarded to 
analyses the level of motivation of the students 
through the traditional methodology, the 
learning outcomes of the students after learning 
electrostatics in the traditional methodology, 
also the PCK of the teachers in electrostatics 
contents.  

The experiments to be integrated are based on 
previous works [6-7]. Also plays crucial role in 
this research the ideas of reconstructing 
historical experiments [4-5, 8-10]. The data of 
the questionnaire are categorized and analyzed 
by SPSS 21.0 program inferring complex linear 
modeling through, T Test, analysis of moment 
structures (AMOS) and WILCOXON.  

These results are strongly considered in 
preparation of lesson plans, learning materials 
and environment of the classes. The PCK is 
assessed here to see the reason of some 
learner’s misconceptions. While the learning 
outcome instrument is used in the reflection of 
which aspects to considerer when planning the 
activities for intervention second stage. 

Keywords. Model of Didactic Recons-truction, 
Historical Experiments, Replication Method, 
Learning Concepts, Motivation, Electrostatics 
Learning Outcomes. 
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Abstract. The concept of developing the ‘For 
Higher School Mathematics Teachers’ learning 
platform, the use of which can promote raising 
of the qualification of both young and 
experienced teachers of mathematical 
disciplines in a higher technical educational 
institution, is presented. The relevance of the 
research is proved by the analysis of modern 
studies into the issues of higher school 
teachers’ further training, improving 
personalized teaching, upgrading educational 
resources quality, improving the training and 
teaching monitoring process. The rationale for 
the structure of the platform, its main sections 
and content is provided. To define the content 
of the sections, the results of the 
questionnaires, the proposals from teachers in 
higher technical educational institutions and 
graduate students studying in 014 ‘Secondary 
Education (Mathematics)’ speciality were used. 
In addition, the results of the analysis of the 
content of the existing educational resources 
were taken into account. 

Keywords. Mathematical Education, Higher 
Technical Educational Institution, Qualification 
Raising, Learning Platform. 

Training of highly-qualified mathematics 
teachers is one of the topical international 

educational problems. Ukraine makes here no 
exception. We can observe the lag in the 
worked-out methods used by mathematics 
teachers at higher educational institutions from 
the advancements in modern technology. In 
particular, this applies to the technologies that 
are disseminated through learning platforms. 
As a result, both young and experienced 
teachers at HEIs have no possibility to access 
such online environment that should help in 
raising their qualification and promote their 
careers in education. This is exactly what 
predetermines the relevance of studying the 
problems of finding ways to further education 
for a modern mathematics teacher. 

The development of the “For Higher School 
Mathematics Teacher” learning platform [1], 
was the result of the long study and analysis of 
modern research on the issue of raising the 
qualification of higher school teachers [2], 
improving of personalized teaching [3], 
upgrading the quality of resources [4], 
improving of training and teaching monitoring 
[5]. 

We took into consideration the results of the 
questionnaires and proposals from the teachers 
and graduate students who among the other 
ways of efficient training of mathematics 
teachers at higher technical educational 
institutions chose the development of a learning 
platform. The expediency of developing the 
platform was pointed out by 76 % of the 
interviewed technical HEI teachers. They 
mentioned that the existence of the online 
environment would significantly contribute to 
the improvement of the level of their 
preparation for teaching. The expediency of 
developing the platform was pointed out by 
81,8 % of the graduate students. They noted [6] 
that the accessibility and mobility of the 
corresponding online environment were seen 
as an important requirement for a present-day 
student who learns in the midst of mobile 
devices. 

The analysis of the existing educational 
resources [7] helped to come up with the 
development environment, platform concept 
and sections. 

The developed “For Higher School 
Mathematics Teacher’ learning platform has the 
form of a web-based system with two 
subsystems: users’ subsystem (web site) and 
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Science Festivals: For Science 
Communication in Tribal Area of 

India 

I Begum 
Vigyan Prasar, New Delhi, India 

begum.irfana@gmail.com 

Abstract. India is a country of unique Social 
and cultural structure. Schedule Tribes are very 
specific community of the country. A substantial 
list of Scheduled Tribes in India are recognised 
as tribal under the Constitution of India. 
According to the census 2011 Tribal people 
constitute 8.6% of the nation's total population 
which is more than 104 million people. This 
section of the society is one of the most 
deprived sections of the population in the 
Indian society. Despite of various kinds of 
policies and programmes of the uplifment of the 
community they are still on margin especially in 
the field of science and Technology. Tribal 
children are not exceptions for this. With the 
objective of inculcating scientific temperament 
among the tribal students and to provide them 
an enabling and enjoyable experience of 
learning the fundamentals of science and 
mathematics through fun science festivals are 
being organized by Vigyan Prasar (VP) since 
2016-2017 for tribal children in selected states 
of the country. (Gujarat, Jharkhand, Himachal 
Pradesh, Uttrakhand, Maharashtra, Telangana, 
Andhra Pradesh, Tamilnadu, Rajasthan, Orissa 
and Chhattisgarh) since 2016. The key point of 
the Science festivals is to take effort to 
understand the science on basic level and 
children can opt the science for further studies.  

To explain science in easy method among 
the tribal children it is necessary to make the 
topic interesting as well as make the 
involvement of the children. Science Festivals 
provide a space to children to learn science 
with fun. Festivals are being organized on the 
basis of do yourself activity, (DIY) in which all 
the resource material provide to the children 
and ask them to do activities.  

Science festivals are the innovative method 
to introduce the scientific information for the 
children of various age groups. With the help of 
this science festival Vigyan Prasar caters more 
than two thousands tribal children every year.  

During the programme resource person 
(Subject experts) discuss the activity provide 
the time to the activities and discuss the 
science behind it. After the programme children 
discuss and ask their queries with the resource 
person and also these children give the training 
to other groups. And motivate to others to 
participate in the programme and share their 
scientific talent.  

Except making the models children are doing 
their own efforts and make new models and 
ask their quires with the resource persons. VP 
received overwhelming responses from the 
children for the programme. Every year VP 
organizes more than 100 children science 
festivals at tribal area of the country to 
understand the science in easy manner. 

Keywords. Census, Resource Person, 
Science Festival, Tribal. 
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educational centers in Dnipropetrovsk Region 
(secondary schools, scientific and technological 
lyceums, gymnasiums), STEM educators and 
partner organizations, representing regional 
industry. The main task of this STEM 
community is to build a unique regional 
innovative STEM education model, to develop 
young people’s interest in STEM education and 
careers. 

Today, each partner creates its own innovative 
model of education. There are three types of 
model: communicative model of education 
system, infrastructural model and content one. 

Keywords. STEM Education, Science, 
Innovative Model of Education. 
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Searching for Chemical Elements: 
a Multidisciplinary Activity in the 
150th Anniversary of the Periodic 

Table of Chemical Elements 

C Costa, MA Forjaz, MAJ Almeida, 
CA Aguiar 

Universidade do Minho, Braga, Portugal 
scientia.com.pt@bio.uminho.pt 

Abstract. 2019 is the 150th anniversary of the 
Periodic Table of Chemical Elements and has 
therefore been proclaimed the "International 
Year of the Periodic Table of Chemical 
Elements (IYPT2019)" by the United Nations 
General Assembly and UNESCO [1]. 

A working tool very useful to various 
professionals and in diverse scientific areas, 
this table would not exist if someone had not 
distributed and ordered the chemical elements 
according to the value of their atomic weights. 
The father of the Periodic Table, the Russian 
chemist Dmitri Mendeleev (1834-1907), was so 
visionary that his Table allows housing not only 
the known chemical elements at that time but 
also the ones still unknown that came to be 
discovered or synthesized. 

When we come across this Table, with so many 
chemical elements, we ask ourselves how we 
use them and where we can find each of them, 
in our real world! 

The outreach project Scientia.com.pt has been 
implementing regularly hands-on activities for 
children from 6 to 10 years under the name 
“Ciência p’ra que te quero” [2], since 2014. 
Each month, from October to July, in a public 
library, the Biblioteca Lúcio Craveiro da Silva 
(BLCS) in Braga, a set of 5 – 6 simple and 
small hands-on multidisciplinary experiments 
are offered to a group of approximately 15 
children. 

Such project, “Ciência p’ra que te quero”, was 
recently distinguish by the Portuguese 
Environmental Fund and awarded with the 
“Good practice award for Municipal Public 
Libraries 2017”. The success of the initiative 
boosted another edition in the academic year 
2018-2019, with a renewed image and logo, the 
“Ainda mais… Ciência p´ra que te quero” 

This work aims to describe "Searching for 

Chemical Elements”, the session of “Ainda 
mais…Ciência p’ra que te quero” that occurred 
in May. It consisted of a set of didactic activities 
whose main goals were: 

i. to make the Periodic Table of Chemical 
Elements more familiar, 

ii. to highlight its applicability in our daily 
life, 

iii. to show its chemical elements and the 
objects/ places where we can find many 
of them,  

iv. to promote multidisciplinary and 
transversal skills 

v. to develop science education among 6–
10 kids who are interested in playing 
extracurricular activities closely linked to 
their scientific curiosity. 

The session "Searching for Chemical 
Elements” included:  

1. a short initial presentation to the 
children about the Periodic Table of 
Chemical Elements, in order to 
contextualize the topic, making children 
familiar with some terms and definitions 
while understanding the practical 
activities they will be enrolled on; 

2. the construction of a "Periodic Table 
Alphabet" allied to a peddy-paper;  

3. the naval battle game adapted to the 
Periodic Table and, finally;  

4. a demonstration of the coloured 
“firework” that can be made with some 
chemical elements. 

At the end of each session, children were 
asked to fill a questionnaire regarding their 
opinion about the session. The vast majority of 
children liked the peddy-paper activity related 
with the "Periodic Table Alphabet", except one 
child who did not like it. The "Coloured firework" 
was also very appreciated by all the kids. 
Although the "Naval Battle" game was not 
experienced by all the children, the four 
participants stated that they had "really 
enjoyed" playing the game. Overall, the 
majority of children rated the three activities 
very positively. 

Keywords. Chemical Element, Hands-on 
Activities, Multidisciplinary Activities, Periodic 
Table of Chemical Elements. 
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IT-Assisted Teaching Microbiology 
to Hearing Impaired Students 
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Abstract. The Law on Inclusive Education in 
Ukraine which determines the educational 
terms and conditions for students with special 
needs was carried out into effect on October 
13, 2018. Deaf students at the Institute of 
Nursing and Laboratory Medicine in Lviv are 
offered a program on Laboratory Medicine. 
Upon successful completion of a course, they 
are awarded an associate degree in laboratory 
diagnostics.  

Communication and instruction with this 
student population can be enhanced through 
building a visually rich learning environment 
because “most students who are deaf are 
primarily visual learners” [1]. General 
instructional aids include the assistance of a 
sign language interpreter and multimedia 
projectors. Alongside with these traditional 
forms of teaching, instruction makes increasing 
use of advanced technology-based 
approaches.  

While studying laboratory diagnostics 
students do many microscopic analyses. A 
digital camera attached as an ocular camera to 
a microscope allows taking microscopic images 
which are then uploaded to a computer using 
image acquisition software. Displaying 
microscopic images on a big screen makes 
possible a group work and helps a teacher and 
a sign language interpreter to provide 
comments. Also students can create personal 
libraries of microscopic images.  

Mobile devices have become a particularly 
useful tool, for example, for studying bacterial 
morphology. At the Institute of Nursing and 
Laboratory Medicine, hearing impaired students 
download “Bacteria interactive educational VR 
3D” software [2] to their smartphones to explore 
bacteria with 3D animations which also contain 
captions. 

Combination of traditional sign, fingerspelling 
and lip reading with innovative technology-
based strategies is usually the best choice. 

Keywords. Hearing Impaired, Ocular Camera, 
Mobile Device, Interactive 3D Animation, 
Education App, Image Acquisition Software. 
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Educational Programs: Promoting 

Talent Beyond Curriculum 
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Abstract. The level and standard of education 
and research in a country are prime 
determinants of the innovation capacity of a 
nation, and crucial for economies to move up. 
Countries increasingly recognize talent as a 
vital source of competitive advances and thus 
make education and research a core 
component of their innovation strategies. In the 
present, where science and technology are 
changing rapidly, the development of more 
specialized capabilities has become imperative. 
Catalonia, with Barcelona as its capital, 
currently stands as one of the main research 
and innovation hubs of all Europe, also 
becoming a reference worldwide. A privileged 
environment rich of universities, research 
centers, innovation hubs and scientific start-
ups, big enterprises, and private and public 
institutions devoted to science advancement 
are settled all over the country. Over the last 
decade, Catalunya La Pedrera Foundation 
(Fundació Catalunya La Pedrera) [1] has been 
committed with promoting scientific and 
technology vocations amongst the youth 
through the programs Youth & Science, Crazy 
about Science, and Barcelona International 
Youth Science Challenge (BIYSC); being the 
first two for Catalan local students and the latter 
for international students at a pre-college level. 
All these programs actively engage students 
through an inquiry approach using both sci-tech 
experimentation and critical thinking skills as 
they seek answers to their own questions. 
Innovative models of education based on 
hands-on multi-disciplinary research are 
applied, in cooperation with local and 
international research centers and institutions. 
The following fundamental values have been 
achieved for all projects: to identify talented 
students through the collaboration of school 
teachers, to apply a rigorous selection process 
methodology, to implement innovative research 
training through real scientists mentorship, to 
promote multidisciplinary and transversal skills, 

and to engage researchers to play a key role in 
the dissemination of science in the youth. 
Therefore, by gathering education and 
research, indispensable conditions for 
innovation to take place, these programs 
expect to help improve employability, 
productivity, innovativeness and entrepre-
neurial potential of tomorrow’s working 
population, both in Catalonia and the world. 

Keywords. Scientific Vocations, Excellence, 
Talent, Science, Technology, Innovation, 
STEM, Education, Research, Science 
Educational Projects, International, Innovative 
Education, Hands-on Education, Research 
Training, Multidisciplinary, Dissemination of 
Science, Youth & Science, Crazy about 
Science, Barcelona International Youth Science 
Challenge, BIYSC. 
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Using ICT for Teaching 
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Abstract. Erasmus+ E-M@TI-ON project [1] 
was implemented the last three years (2016-
2019) at six primary schools from six European 
countries. The basic objectives of the project 
were the improvement of pupils’ mathematical 
competencies, ICT abilities, and English 
language skills, sharing good practices etc. 
During the last three years involved teachers 
used ICT as a tool to teach mathematics. In 
particular, Scratch programming environment 
[2] and robotics (Lego Wedo, Lego Mindstorms) 
were used from teachers to create projects in 
order to better explain mathematical concepts 
like division, multiplication, geometry, problem 
solving etc. On the other hand, pupils, under 
the guidance of the ICT teachers used 
programming and robotics to solve 
mathematical problems. This approach helped 
students to better understand mathematics, 
improved their ICT and English skills. Involved 
teachers changed their methodology on 
teaching mathematics and began to cooperate 
more with their colleagues. Robotics projects 
helped teachers and pupils to be more active 
and creative in the class and improved their 
problem solving abilities.  

During the last three years, Edmodo was also 
used to implement flipped classroom strategy 
[3] to primary school pupils. Pupils’ parents 
became members in learning procedure and 
they were able to watch the progress of their 
children. This approach was new for the pupils 
and helped them to be more confident, 
autonomous, active and creative. A lot of math 
lessons, math games, and worksheets were 
created during the last three years and they are 
all available in the project’s web page [1]. 

Keywords. E-M@TI-ON, Robotics, Mathema-
tics, Flipped Classroom. 
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Abstract. Play is not of one kind nor is it 
constant from birth to whenever. Goldschmeid 
and Jackson [1] identified heuristic play. She 
named the phenomenon of babies finding out 
for themselves about artefacts usually 
constructed by humans but also of naturally 
made bio facts such as a vegetable or geofacts 
like pebbles that they find. She suggested 
providing a selection of such in a basket or 
other container (a treasure basket). Children 
explored the properties of materials, through 
touch, and manipulation for example. 
Goldschmeid and Jackson [1] introduced the 
‘treasure basket’ where items were placed in 
basket or other container for the non-mobile 
child. However, once mobile, any environment 
in which children are becomes a site and 
opportunity for children to indulge in heuristic 
play.  

From a science point of view this is Inquiry 
based learning. In any structured play whether 
children are left alone to choose what they do 
and how they use provided items or rules, 
children will “ Do it their way”, not as adults who 
designed the items and coated and would 
expect them to be used. Instructional play is a 
remedy to this tendency of a child employing 
their natural way of finding out, inquiry, it’s self-
will! Free choice play is similar to the process of 
STEM inquiry. Observations trigger questions 
and a strategy is planned, reflecting previous 
knowledge and understanding and requiring 
organisation logistics of items needed for 
investigation and action a plan, together with 
assessing the outcome. Watch children working 
through this process!  

Distinct types of play are: unstructured and 
structured. I prefer to subdivide them into free 
choice and unstructured play. In such there are 
no toys or other artefacts or systems signed for 
children (or adults with which to interact). 

Hence: 

1. Free choice unstructured play, where there 
are no ‘toys’, only resources that you can 

find outside, or/and inside: This is free 
choice heuristic play. 

2. Structured play is when artefacts are 
purposely available. These may be 
everyday items as in classic heuristic play 
or they may be artefacts, such as toys, or 
play equipment , designed by adults for 
children, who do not necessarily use them 
as ‘they should’, but utilise them as they 
feel right for them. Designed by grown up 
wish their ideas- not by children with theirs 
re-enactment artefacts are often available, 
small simpler versions of adult items such 
as cooking utensils, other tools and items 
such as cookers.  

3. Mediated play when toys are available and 
the children choose with what they are 
‘playing’, moving often from one to another.  

4. Facilitated play when specific items are 
made available and the child is expected to 
‘play’ with, but in fact often adapts the items 
for their own exploration. 

Instructional play, where the aim is for the child 
to try an activity or artefact and lead into 
developing some specific skills. 

Keywords. Play Types, Heuristic, Structured, 
Unstructured. 
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Abstract. “The main goal of Education in 
Science, as part of students’ global education, 
is prepare them to life in the XXI century” [1]. 

“In Primary School, School must offer students 
more than traditional reading, writing and 
counting activities. It is essential to take 
students to perform experiments. Learn about 
Science and Technology is to acquire a 
passport to understand the world you live in 
and, therefore, adapt furthermore to it. “The 
sooner that happens, the better.” [2]. 

By implementing and developing this project, 
planned, tested, applied and produced a 
complete Learning Project, using Inquiry 
methodology, aimed at Pre School and Primary 
School Students, about Earth’s Oceans. 
Students travel along with the characters of the 
homonym book by 3Jules Verne, trough Earth's 
oceans, discovering its animals, plants and 
main difficulties they have to deal with. 
Students also investigate where water comes 
from, local river courses, its problems and 
consequences on the beaches where they end, 
especially pollution issues. This way we expect 
to widen students learning horizons and 
motivate them to protect our planet’s natural 
marine resources. It's also our main goal to 
enable students to overcome learning 
difficulties and cultural backgrounds which lead 
to poor school performances, by opening 
windows to a different world of opportunities 
and providing the chance to learn along with 
peers from a different country. 

The experiments planned are in a growing 
difficulty level, aimed at the students’ level and 
acquired competences, along the STEM 
curriculum and applying Inquiry methodology. 

Students are required to perform activities 
using their smartphones, in a BYOD point of 
view, in order to bring real life situations and 
resources into the classroom, allowing the use 
of virtual resources in the real world. 

Keywords. Science, STEM, Hands-on, 
Robotics, Augmented Reality, Virtual Reality. 
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Abstract. A mystery to the ancients and a 
marvel to Einstein, electromagnetism is 
inextricably linked to the operation of motors 
and generators, the functioning of radio, 
television and computers, and our 
understanding of the universe. From the 
Greeks, who may have been the first to study 
electricity to Einstein who, as a child, was 
captivated by the mysterious properties of 
magnets, humankind's fascination with the 
electromagnetic force has never stopped. Your 
students are certain to feel the same sense of 
mystery and wonder as they probe this 
fundamental force of nature. 

The strengths of hands-on, inquiry-based 
education are that a student’s own curiosity and 
questions drive the learning. With that in mind, 
the activities presented in this program are 
meant to serve as examples of ways to engage 
students in the investigation of 
electromagnetism. 

Keywords. Electricity, Electromagnetism, 
Generator, Hands-on Learning, Induction, 
Motor, Magnetism. 
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Abstract. Light plays a fundamental role in our 
lives and optics and photonics have a huge and 
ever increasing importance in a wide range of 
industries and impact in our modern societies. 
It is therefore essential that a solid knowledge 
on this subject is acquired as early as possible, 
right from primary school or even at 
kindergarten, in a process of active and 
participated discovery by the pupils themselves 
who naturally have an empathy, interest and 
special curiosity for this Light and Optics 
subject as it directly relates to vison, one of our 
major senses. We will briefly explore in a very 
basic and introductory way two important 
phenomena on physical optics: diffraction and 
interference. Simple demonstrations and 
hands-on experiments will be explored. 

Keywords. Hands-on Optics, Interference, 
Diffraction, Elementary Optics, Teacher 
Training. 
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Abstract. This work was planned in a cross 
curricular view, articulating collaborative work 
between students of different levels, from 
Primary to Secondary School. It can be replied 
either in a progressive level of difficulty 
approach or each level individually. Starting 
from computational thinking approach, trough 
programming in SCRATCH [1], programming 
robots and an ecological house, nothing will be 
uncovered regarding “How Water Works”. 

This project is all about water, its role in our life 
and our role in its preservation. Divided into 3 
different levels (easy, for primary school 
students, intermediate for middle school 
students, and advanced for secondary 
students), this project is adjustable for 
collaborative work in different school levels and 
cross curricular activities. Students get very 
motivated, as they are always connected with 
each other, sharing ideas and presenting 
results. In the easy level, students are 
challenged to research where water comes 
from. The teacher poses some questions, to 
tease students’ curiosity and then… The 
adventure starts! Students are led to research, 
learn and share findings with school 
colleagues. At the same time, students start 
learning computational thinking, through easy 
challenges, which lead them to learn how to 
program simple bots.  

After finishing their researches, students start 
working in small groups, building some 
beginners’ projects using the demo modes of 
the We Do 2.0 APP, with special emphasis on 
water related projects. Then Students must 
build an ecological solution, using any bricks or 
set they want, in which they must present an 
innovative solution to save water. In the 
example presented, students built an ecological 
house (SET 31068) and combined it with some 
extra bricks plus the We Do 2.0 set. Then 
students built a rain water collector, which was 
connected to a filter (coded by the Lego APP), 
that led the water into the farm, so animals 

could drink fresh water. In the intermediate 
level, students aim at a dam cleaning project, 
which is centred in a robot that goes through 
the water shores in the dam, detecting solid 
garbage. This project has two versions, using 
two different robots, the LEGO version uses the 
EV3 LEGO Education kit. In the Arduino 
version, the work base is a Portuguese robot, 
developed by the Portuguese Association of 
Computer Sciences Teachers, ANPRI, which 
can be printed in a 3D printer, then assembled 
and onto which is attached an Arduino 
microcontroller and its accessory range. 

Finally, in its advanced level, the main goal is 
for students to achieve conscience of water 
(river/dam) pollution. Students must program, in 
SCRATCH, games that stimulate others to help 
preserve the water and thus alert people to not 
throw garbage in any form of water.  

The experiments planned are in a growing 
difficulty level, aimed at the students’ level and 
acquired competences, along the STEM 
curriculum and applying Inquiry methodology. 

Students are required to perform activities 
using their smartphones, in a BYOD point of 
view, in order to bring real life situations and 
resources into the classroom, allowing the use 
of virtual resources in the real world. 

Keywords Science, STEM, Hands-on, 
Robotics, Water; Image Processing, Data 
Acquisition, Microclimate, Robots. 
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Abstract. In this study, an evaluation of the 
process and outcome of a science lesson 
realized by employing 5E model which is one of 
the teaching models suited to the principles of 
constructivist approach. The study is an action 
research carried out with classroom teacher 
candidates taking science methods course 
pursuing their 3rd year at Faculty of Education. 
The course is about simple electric circuits and 
the internal structure of a light bulb. First step of 
the 5 E method aims to draw attention of the 
students to the subject and to determine their 
previous knowledge of the subject. For this 
purpose, pre-service teachers presented a 
story and posed questions at the end of the 
story which they needed to have information 
about basic electric circuits to answer them. 
The answers given at this stage showed that 
most of the pre-service teachers had previous 
knowledge about the subject. 

The second stage is the exploration step. In 
this step, the students were given the materials 
they would use for the activity in order to 
construct the knowledge of the subject to be 
taught and gain the related skills. The question 
at this stage was: how to light the bulb using a 
battery, a bulb and a conductive wire. Here, it is 
necessary to use conductive wire in one piece. 
Students were asked to draw the circuits which 
they believe the bulb will light when they set it 
up. Then, they made to construct the circuits 
which they designed with the material on their 
hands and observe that whether the bulb light. 
In this exploration stage, students were asked 
how they should set up the circuit, but they 
were not given the answers, they were guided 
only by posing questions. Most of the students’ 
designs did not work and they have observed 
that the bulb was not lit. Although some 
students have set up the circuit correctly, it was 
observed that they did not construct the desired 
knowledge in their minds, they found the 
correct answer by trial and error. The designs 
of the students showed that there were some 
deficiencies and misconceptions about the 
circuit. It is also understood from their 

explanations, although some of the students 
have correctly set up the circuit, they held some 
incorrect ideas. Information on this stage and 
examples of student ideas will be presented in 
full text.The next stage is the stage of 
explanation. Students are required to disclose 
their knowledge in the exploration process. At 
this stage it is understood that the student 
information is inadequate. Since both the 
descriptions are insufficient and this step of the 
5E model requires this, the instructor explained 
the internal structure of the light bulb and the 
working principle of simple electric circuits. For 
the bulb to light, the current must flow through 
the two conductor wires of the bulb and the 
characteristics of the closed circuit are 
explained. However, each and every situation 
in which bulb will light was not described one 
by one. Here the lecturer criticizes herself for 
failing to help students to fully reveal the ideas 
in their minds. (Because the evaluation at the 
end of the lesson, it was seen that students 
thought that the bulb will light only one way). 
Hence, the explanation process was although 
proper, it was failed since it did not address the 
misconceptions of the students.In the next 
stage of elaboration, students were asked to 
look at which objects transmit electricity. They 
found this stage fun and looked at the 
conductivities of various materials around them. 

Final stage is the evaluation phase, students 
were distributed 2 worksheets and asked to 
indicate whether the bulb will light up in 
different circuits and if not light, explain why it 
does not light. In one of the worksheets, the 
circuits are constructed with one battery and 
the bulb, and in the other, with the two bulbs 
and two batteries, it was asked in which circuits 
the bulb will light. There is also a section that 
requires students to draw the conductor wires 
in the light bulb.Results of the final exam 2 
weeks after the lesson revealed that about 50 
percent of the students reached the correct 
concepts,. However, the others held some 
misconceptions. The lecturer evaluates this 
practice as a failure on her side and finds it 
appropriate to make certain modifications in the 
lesson plan, especially in the explanation and 
exploration phases. 

Keywords. Action Research, Simple Electrical 
Circuits, 5E Instructional Model, Pre-service 
Primary Teachers. 
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Abstract. Hands-on science is defined mainly 
as any instructional approach involving activity 
and direct experience with natural phenomena 
or any educational experience that actively 
involve students in manipulating objects to gain 
knowledge or understanding.  So using hands 
on activities in teaching of the abstract 
concepts may be resulted to getting a deep 
understanding of the concept.  

The particulate nature of matter and atomic 
structure are important concepts that have 
been emphasized as critical concepts in the 
secondary school science curriculum. A plenty 
of learning difficulties have been reported in 
many studies in this case because of it’s 
abstract nature. Interaction between matter and 
light have been presented a lots of clue in 
understanding of atomic structure. Therefore, I 
report here a useful hands on activity that in 
which students first make a simple 
spectroscope and then observe some spectra. 
Actually they will have their own personal 
experiences on interaction of light with matter. 
Indeed, they observe continuous spectrum of 
sun light and Flashlight with incandescent bulb 
and also many linear spectra of different light 
like LED, mercury, neon and fluorescent lamps. 
Finally they make results and their own 
knowledge with comparison of these spectra. 

Keywords. Light, Matter, Spectroscope, 
Hands on Activity, Linear Spectrum, 
Continuous Spectrum. 
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Abstract. Over the past twenty five years 
children from age 13 upwards have participated 
in an annual science challenge, with some 600 
youngsters involved in teams of up to six 
participants. The challenges take place in 
heats, followed by a final where the ten best 
teams from each heat compete against each 
other in a different challenge. All the judges 
participate in a training competition themselves 
so they understand the issues involved. 

In Kharkhiv, it is suggested that participants 
make small teams of 2-6 people, these can be 
teachers, lecturers or students. Each team is 
given a pack of resources and instructions to 
build a specific structure within the time given. 
Points are awarded as teams progress and at 
the end to see which team’s innovative 
structure complies best with the criteria given at 
the beginning. The challenge involves science 
ideas but using them innovatively. It will be 
interesting to see how adults cope! 

Keywords. Challenge, Using Scientific 
Concepts, Team Work. 
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Abstract. Intermolecular forces are 
responsible for physical properties of matter 
such as solubility, boiling point, and so on. 
Formation of a solution or mixture depends to 
the magnitude of these forces between solvent 
and solute. If the interaction between particles 
of a solvent and solute in comparison of 
interaction between particles of solvent and 
solute are of similar magnitude so the two 
substances are soluble in each other in all 
proportions. Otherwise, an heterogeneous 
mixture is formed.  

Students have often misconceptions of 
understanding of intermolecular forces and 
comparison of their magnitude. In order to 
teach properly these concepts, we report a 
useful lesson plan. According to this lesson 
plan, students do some interesting fun 
experiments as the following:  

First, add 5 ml of acetone, 10 ml of water in a 
test tube, then pour a few drops of the beta-
dine solution (a disinfectant)in the test tube and 
observe what happens. After that, add a 
teaspoon of salt or more to the solution and 
again write your observation. Students do this 
experiment with different available and safe 
chemicals. Finally they build their 
understanding and knowledge according own 
personal experience. As a result student will 
learn that the strength of intermolecular forces 
between different substances, may vary in a 
somehow extent. 

Keywords. Intermolecular Force, Acetone, 
Fun Experiment, Solvent, Solute, Solubility, 
Solution. 
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Abstract. The purpose of this paper is to 
introduce the periodic table in an innovative 
way, which may help students remember some 
of the elements, their atomic numbers and 
symbols. The participants pick a card, which 
identifies an element. Everyone ices the name 
of their element on a biscuit and places it in the 
correct position on a periodic table chart. 
Hopefully enough people will take part to 
complete the table. This innovative idea has 
worked with children aged 8 upwards and 
provoked new interest and discussion in the 
elements themselves and the periodic table. 

Keywords. Discussion, Elements, Fun, 
Periodic Table. 

  



Hands-on Science. Innovative Education in Science and Technology 
© 2019 HSci. ISBN 978-989-8798-06-0 
 

 

 

183 

Utilization of Time-Lapse 
Microscopy for Understanding 

Cancer Cell Growth and Effects of 
Anti-Cancer Drugs 

H Yamaguchi 
Meijo University, Nagoya, Japan 

hyamagu@meijo-u.ac.jp 

Abstract. The number 1 cause of death in 
Japan is cancer and about 370,000 people die 
of cancer every year. Cancer is a major 
challenge for humans and a lot of energy and 
resources have been being invested to 
overcome the major cancers such as lung, 
stomach and colon cancers. Brain cancer is a 
rare cancer (about 0.4% of total cancer death) 
and being poorly invested in terms of exploring 
potential cures. But it is the 2nd major cancer 
for children (under the age of 14) and has the 
worst survival rate. We have been focusing our 
attention on triterpenoids and isothiocyanates 
from plants as multifunctional agents for the 
prevention and treatment of cancer. However, it 
is not an easy task to visually demonstrate how 
cancer cells grow and show the effects of the 
candidate agents for treatment of cancer. In the 
presentation, the anti-proliferative effects of 
glycyrrhetinic acid (GA) from licorice and 6-
(methylsulfinyl)hexyl isothiocyanate (6MITC) 
from wasabi on the brain cancer cells U-251 
will be demonstrated, utilizing time-lapse 
microscopy. 

Keywords. Microscope, Time-Lapse, Cancer, 
Cell Growth. 
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3D Images and Holography. 
A Brief Introduction	

MFM Costa 

Universidade do Minho, Braga, Portugal 
mfcosta@fisica.uminho.pt 

Abstract. The tridimensional visualization of 
images is getting very important our day with 
applications of upmost importance in medicine 
and a wide range of industries and business. 
As well it plays a major role in virtual reality that 
appeals strongly to the young generations. In a 
simple hands-on explorative way we will make 
a brief elementary introduction to the concepts 
of 3D image and holography applying basic 
concepts of geometrical optical and of 
interferometry and diffraction and the properties 
of light in general. 

Keywords. Hands-on Optics, 3D, Holography, 
Reflection, Coherence, Interference, Diffraction, 
Teacher Training. 
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