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ALL MATTER IN THE
UNIVERSE IS MADE OF
VERY SMALL PARTICLES
1. INTRODUCTION
1.1 Characteristic of the Big Idea
According to the concept of Harlen´s Big Idea in Science, this particular Scientific Idea
covers following understanding of the particular natural phenomena: “Atoms are the building blocks of all matter, living and non-living. The behaviour and arrangement of the atoms
explain the properties of different materials. In chemical reactions, atoms are rearranged to
form new substances. Each atom has a nucleus containing neutrons and protons, surrounded
by electrons. The opposite electric charges of protons and electrons attract each other, keeping
atoms together and accounting for the formation of some compounds.” (Harlen, 2015)

1.2 Suggested development of the Idea at primary education level
(7–11 year – old pupils)
Big ideas are at primary age in an intense development. To support the further development of the Idea, pupils at primary age should be exposed to the following level of the
Idea: “When some substances are combined, they form a new substance (or substances)
with properties that are different from the original ones. Other substances simply mix
without changing permanently and can often be separated again. At room temperature,
some substances are in the solid state, some in the liquid state and some in the gas state.
The state of many substances can be changed by heating or cooling. The amount of matter
does not change when a solid melts or a liquid evaporates.”(Harlen, 2015)

Science education content in key words:
Atom
Molecule
Chemical bonding
Changes of state
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2. SCIENTIFIC BACKGROUND FOR TEACHER
2.1 We observe and study substances
Vaporisation

Vaporization is a process when liquid state changes into gaseous. It is causedby escape of
a molecule of a substance from liquid phase to gaseous phase. Molecules in a liquid move
freely and in a disorganized way. When they reach a certain speed they are able to „escape“,
they leave the surface of the liquid as gas molecules.This process is called vaporization.
Various liquids, despite the same conditions, evaporate at different speeds. Acetone evaporates very quickly; alcohol evaporates a little slower and water the slowest. Liquids which
evaporate quickly are called volatile. The speed of evaporation depends on the boiling point
of a liquid. A tabulated value of acetone boiling point is 56 °C, ethanol 78 °C and water 100
°C.Liquid which is evaporating, takes in the warmth from its surroundings and due to this
it cools down its surroundings. Therefore a thermometer which is wrapped in a piece of
cotton wool and soaked in the most volatile liquid, will measure the lowest value.
Pupils will be gradually introduced to each task assignment. First, they formulate their
estimate of the process and outcomes of the experiment and write it into the prepared
table in their worksheet. Then they verify their hypothesis while doing the experiments
according to the teacher´s instructions.The teacher asks pupils to divide themselves into
working groups. Groups of between 2-4 pupils are ideal.

2.2 Water is not only for drinking
In winter, we experienced black ice and silver frost quite often. How to get rid of ice effectively? Gravel and rock salt are used most commonly. Rock salt is a chemical compound,
which is calledsodium chloride and its formula is NaCl. Rock salt is not chemically clean
substance but it contains another components. Calcic chloride is most commonly added
to the sodium chloride, whose formula is CaCl2.
Solid state
substances

In the solid state molecules are flocked together, and their mutual attraction is stronger
than in liquid and gas state. Solid substances have regular inner setting – water in the form
of ice or snow flakes is arranged into crystal lattice. Water occurs in solid state up to 0 °C.
If salt is added in the water, the mutual size of the intermolecular forces changes. Forces
between molecules are weaker and we can observe the melting of ice at the temperature
lower than 0 °C.

Salt

Salt does not melt on ice but it needs water for its melting. The water that is needed comes
from water vapour condensation. Water vapour, which is present in the air, condense on
the surfaces of substances which have lower temperature. In this way water condensates on the surface of ice. In this newly-emerged water crystalline salt starts to melt and
therefore a very saturated solution occurs. When melting, the molecules of the melting
dissolvent – water- squeeze between the molecules of the melting substance – ice and salt
and spread them apart. This causes weakening of their mutual intermolecular force and
the substance changes from solid to liquid state.
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Solution of water and salt has a lower temperature then the water itself. Clean water melts
and freezes at the temperature around 0 °C. Solution of salt in water freezes at the temperature much lower than –21, 2 °C, this temperature depends on the concentration of salt
in the solution.
Due to the temperature of solidification of emerged solution being much lower than the
temperature of solidification of ice, the solution remains liquid even at temperatures below 0 °C. Another salt and another ice will be dissolving in the solution until all the ice
melts or until the solution will be so diluted that it will freeze at the set temperature. To
make the ice melt further, more salt would have to be added. The more it freezes, the more
salt is needed. If the outer temperature is really low, using the rock salt to treat the icy
roads does not apply. Road salting is, from practical reasons, limited by the outer temperature being about –7 °C.
Another very interesting property of liquids is formation of surface tension. If we carefully Surface
put a thin needle or a razor on the free surface of water, we can observe the surface of the tension
liquid slightly bending. The objects will not sink although the density of the substances
that are the objects made from is bigger than the density of water. In the nature, a water
measurer moves on the surface of water even though the density of its body is bigger. If
the water measurer moves to another spot, the bending of the liquid disappears. The drop
that appears at the end of the water tap that has not been tightened properly is gradually
getting bigger, until a neck is created and the drop breaks off. The drop appears to us as
a small filled up, flexible ball.
The examples show that free surface of a liquid acts in the same way as a thin, elastic
membrane. In order to explain properties of liquid surface, we must consider activity happening among liquid molecules.
Liquid molecules mutually affect one another by attractive forces. The forces inside the
liquid mutually cancel each other out. Whereas at the liquid´s surface the resultant of forces affecting the liquid´s molecules is vertical towards the free surface of the liquid and the
molecules are drawn into the liquid. Molecules of gas above the free surface of a liquid also
affect the molecules of a liquid at the free surface but their number is considerably lower
so that their force affecting is significantly weaker.
The force which draws molecules into a liquid can be influenced by the liquid temperature
or by adding surface-active agents.
Generally, the higher the liquid´s temperature is, the faster thermal movement of molecules, causing the force among molecules to be smaller. Surface-activeagents affect the
force among molecules. After adding a surface-active agent in the water, for example
a washing detergent, the force among molecules gets smaller; therefore the solidity
of surface level of water decreases. These effects are used when doing the washing or
doing the dishes.
Water belongs among liquids, which wet a container´s walls. Water molecules which are
on the edge between a container and a liquid are drawn into the container by bigger force.
15
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What occurs is bending of the free surface of a liquid. The shape of water in the container
is a shape of a crescent.
If we gradually start throwing small, clean objects into the water, for example paper clips
or coins, the volume of water that comes out is a volume that is the same as the volume
of an object that was thrown in. The volume of a liquid that is pushed out stretches the
surface layer of the liquid causing the surface of the liquid to bend upwards. We can keep
throwing coins into the container so long as tensile stress of the surfaced membrane
stretched by the liquid does not exceed the value of the surface tension of the set liquid
and the surface membrane does not burst and the liquid does not flow over.

2.3 The air around us
Atmosphere

A thick layer of air called atmosphere surrounds our Earth, reaching up to thousands of kilometres above the Earth´s surface. The composition of atmosphere depends on the height
it reaches above the Earth´s surface. The lowest layer of atmosphere, called troposphere,
which is about 7 kilometres thick, and its composition are important for our life. The troposphere is the thickest part of the atmosphere. With the increasing height above the
Earth´s surface, the density of the atmosphere decreases. The density of dry air at the
Earth´s surface and the temperature of 20 °C is 1.2047kg∙m (-3), which corresponds to the
weight of 1.2 g per one litre of air. By the Earth´s gravitational pull, all atmospheric particles
are constantly drawn down to the Earth´s surface making the whole atmosphere to stay with
the Earth instead of drifting off into the space. Atmospheric pressure is then its product.

Atmospheric
pressure

Atmospheric pressure exerts on the whole Earth´s surface and on all earthbound objects, including us – human beings. If the atmospheric pressure decreases, gas-filled, flexible containers expand. If the atmospheric pressure increases, gas-filled, flexible containers
are deformed and their volume decreases.We can demonstrate this effect by placing a small
piece of a sweet like a marshmallow (Fig. 1) into a syringe. We close the syringe by the
plunger, which we leave in the upper position and close the end of a syringe tip by a thumb.
When pushing the plunger down, a pressure higher than the atmospheric one is created inside the syringe. Due to this, the marshmallow is deformed and its volume is decreased. The
demonstration of low pressure is similar. We close the syringe by the plunger that we push
down until it just reaches the marshmallow but not any further to avoid its deformation. We
close the end of a syringe tip by a thumb again. When pulling the plunger up a low pressure
is created inside the syringe (a vacuum). It is lower than the atmospheric pressure, causing
the gas to expand inside the marshmallow and therefore causing the marshmallow to increase in size.The troposphere contains approximately 78% of nitrogen (N2), 21 % of oxygen,
0.9% of argon (Ar), 0.03% of carbon dioxide (CO2) and other gases.

Oxygen

Oxygen (chemical symbol O, Latin name Oxygenium) is a gaseous element which makes
the second biggest part of the Earth´s atmosphere. Oxygen is a colourless, odourless and
tasteless gas, which is the end product of the photosynthesis. In the air oxygen occurs as
a two-atom molecule O2 or as a three-atom molecule O3 which is called ozone. Oxygen is
a biogenic element, its existence is essential for the existence of most living organisms on
our planet. Oxygen dissolves in water and acts as a strong oxidizing agent.
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In the 15thcentury , Leonardo da Vinci was studying the properties of air and he found out
that one of its components supports combustion. Nowadays, we know that it is oxygen.
Carl Wilhelm Sheele discovered oxygen in 1772 and named it “fire air”. However, he
did not immediately publish his discovery so the credit for it was given to Joseph Priestley, who discovered it two years later – in 1774 and published his work in the same year.
In order to prove the importance of oxygen in burning and the proof of oxygen itself, we Oxygen
will carry out a simple experiment. We will need a beaker or a glass, a teaspoon, some and burning
matches, a bowl or a plate and tap water.We will fill up the plate with water and place the (experiment)
burning candle into it. Paraffin, that the candle is made from, has a lower density than water therefore when we place the candle on the water surface carefully, it will not sink. After
covering the candle by the beaker or the glass, we can see that the level of water inside the
beaker is lower than the level of water outside in the plate. The flame of the candle heats
up the air inside the beaker and it expands. We can observe air bubbles leaving the beaker.
When paraffin is burning, the oxygen, which is in the beaker, is being consumed. When all
the oxygen is consumed, the flame goes out. At the same time, the heated air cools down.
Cold air has a higher density than warm air, therefore its volume starts getting smaller
causing the water to be sucked from the plate into the beaker. At the end of the experiment, the water level in the beaker is above the level of water in the plate. Prevention of
oxygen access to burning objects is used when extinguishing fires.
Carbon dioxide (chemical formula CO2) is a chemical compound composed of one car- Carbon dioxide
bon and two oxygen atoms. Carbon dioxide is a colourless, odourless and tasteless gas.
It is the end product of the respiration processes of living aerobic organisms. It also enters the atmosphere as a gas which derives from burning of coal, wood and other organic substances and fermentation.Carbon dioxide is a non-combustiblegas with a higher
density than the air that is why it stays near the ground. Winemakers are well aware of
this property of carbon dioxide. In the room where wine ferments, for example when making partiallyfermented grape must, they light a candle and place it to the lower height
than they breathe in. If the candle goes out, it warns them that the concentration of carbon dioxide is too high and they must leave the room, otherwise, they would suffocate.
In a lab, carbon dioxide is mostly prepared by reactions of carbonates and hydrochloric
acid (Reactive scheme 1) or by reaction of baking soda and vinegar (Reactive scheme 2) in
the apparatus for lab preparation of gas (picture 1).
Reactive scheme 1: Reaction of calcium carbonate with hydrochloric acid
CaCO3 + 2 HCl → CaCl2 + H2 O + CO2
Reactive scheme 2: Reaction of baking soda (Sodium bicarbonate) with vinegar(Acetic acid)
NaHCO3 + CH3 COOH → CH3 COONa + H2O + CO2
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Separatory funnel with the acid

Titration flask with the carbonate
A rubber tubing

A laboratorystand

Fig. 1: Apparatus for a lab preparation of carbon dioxide
(source: http://chemicke-pokusy-pro-gymnazia.webnode.cz/priprava-kysliku-a-vodiku/)

We can prove the non-combustibility of carbon dioxide and its bigger density than the
one of the air by a simple experiment with 4 burning candles of various heights. We will
place the candles into the pneumatic bath and we will start pouring carbon dioxide onto
the candles from the apparatus for a lab preparation of carbon dioxide (Fig. 2). The candle which is the shortest, will go out first, the longest candle will burn the longest.The
non-combustible properties of carbon dioxide are used when extinguishing fires. Carbon
dioxide is the fire-extinguishing agent in snow fire extinguishers. These fire extinguisherscan be used only in well-aired rooms.Limewateris often used to test for carbon dioxide.
Limewater is a pure clear suspension of calcium hydroxide diluted in water. Bubbling carbon dioxide through the limewater, a white milky precipitate is caused by the formation of
calcium carbonate (Reactive scheme 3).
Reactive scheme 3: The reaction of limewater with carbon dioxide
Ca(OH)2 + CO2 → CaCO3 + H2O
In the exhaled air the content of oxygen is decreasing from 21% down to roughly 17% and
the content of carbon dioxide is increasing from 0.03% up to 4%. Further, the concentration of water vapour in the exhaled air is increasing. Water vapour can be proved by exhaling on a cold object, for example a pocket mirror or a glass. The amount of nitrogen stays
the same. In order to test for carbon dioxide in the exhaled air, the reaction with limewater
is used (Reactive scheme 3).

2.4 Metals in our lives
Metals are the most widely spread elements on Earth. Out of the 118 known elements in
the periodic table, there are only 25 semimetals and non-metals. The remaining elements are
metals. It is assumed that newly discovered or artificially made elements will be also metals.
In the nature metals are mostly found in the form of oxides, sulphides and salts. Heavy me18
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tals are also found in the nature as pure metals. Metals are a typical electropositive element
which means that they easily break off electrons and they act as cations in compounds.
Metals are solids with regularly arranged lattice. Mercury is an exception, as it remains
liquid in the normal temperature and normal (atmospheric) pressure. Metals have a metallic sheen – apart from red-brown copper and golden gold, which are exceptions. All
metals are electricity conductive, malleable, and ductile – it is possible to make very thin
plates out of them.
Density ( physical quantity which is equal to a proportion of physical object´s weight and Density
its volume)of metals varies and depends on the inner setting. Density value of alloys is of metals
always in the range between the densities of pure metals and depends on the ratio of
metals present in the alloy. Examples of pure metals densities are shown in Table 1. Densities of alloys and their compositions are shown in Table 2.
Table 1: Density of metals
Pure metal

density

iron
copper
tin
aluminium

7 800
8 960
7 260
2 700

Table 2: Density and composition of alloys
alloy

brass
stainless steel
duralumin

composition

density

copper (70%) + tin (30%)
iron + chromium
aluminium (96%) + copper (4%)

8 400
8 000
2 800

Alloy of metals is a compound of metals made by smelting of a metal with another me- Alloy of metals
tals, or other elements or compounds. According to the number of components, alloys are
divided into binary – they contain two components, ternary – they contain three components and quaternary – they contain a four-component alloy. The first historically significant alloy of metals was bronze. Its properties were discovered already in the prehistoric
times. The discovery of bronze meant an immense technological progress in the making of
tools, weapons, and adornments. In contrast to pure metals – copper and tin, which bronze
is made from, it has higher hardness. To prove its significance for man – one whole era of
human history was named after it – the Bronze Age. Alloys of metals are made because of
their properties that pure metals simply do not have. Intentional adding of elements to metals is called alloying. Alloying of steel by chromium can serve as an example. Steel made this
way is resistant to rusting and it is used for production of exhaust pipes, cutlery and dishes.
Magnetic properties of metals are given by moving electrons present in atoms of me- Magnetic
tals. Moving electrons create elementary magnetic fields around themselves. These ele- properties
mentary magnetic fields get together and define the final magnetic field of atoms and the- of metals
refore magnetic properties of a substance.Atoms of diamagnetic substancesare arranged
in a way that single elementary magnetic fields of electrons are disrupted. Diamagnetic
substances weaken the magnetic field, which they are put into. Gold, silver, copper and
bismuth are examples of metals that fall into diamagnetic metals.
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Paramagnetic substances have elementary magnetic fields arranged in a way that substances which are put into it, intensify the magnetic field only slightly. On the surface,
they act as very weak magnets. By outer magnetic field, atoms cannot be arranged in a way
that a substance would intensify the magnetic field in a more significant way. Aluminium,
tin and chromium are examples of metals that fall into diamagnetic metals. In order to
distinguish paramagnetic and diamagnetic substances, we use a measuring method which
is based on a measurement made by magnetic induction using a coil or a method which
measures the force caused by a magnetic field or a method which is based on the change
of materials´ properties in the presence of a magnetic field.
Ferromagnetic substances have atoms arranged in a similar way as paramagnetic substances. In contrast to paramagnetic substances, atoms of ferromagnetic substances are
arranged into small domains that are positively magnetised. Substances significantly intensify the magnetic field they are put into and they are strongly pulled in by the field.
This force is strong enough to be sensed by us. Iron, cobalt, nickel and their alloys belong
among ferromagnetic substances. Magnetic properties of metals and alloys of metals are
used when producing electromagnets, relays, inductive hobs and dishes. In the past, they
were also used when making audio tapes.
Reactivity series

Products made of metals are affected not only by air, changes of temperature but also
by various aqueous solutions. Chemists were looking into properties of pure metals and
came to a conclusion that resistance to a liquid environment depends on the ability to form
cations, either easily or less easily. According to this finding, they arranged metals into
The Reactivity Series (Fig. 1), where metals are arranged in order of their reactivity, from
the most reactive – they make cations the easiest – to the least reactive. Metals that form
cations more reluctantly – copper, mercury, silver and gold are called noble metals. They
are written in italics in The Reactivity Series. Metals described as non-noble metals, that
form cations easily, are stated on the right side. The more right-sided the metal is, the more
readily they react.
Picture 2: The Reactivity Series

potassium (K)>calcium(Ca)> sodium (Na)> magnesium (Mg)> aluminium (Al)> zinc
(Zn)> iron (Fe)> tin (Sn)> lead (Pb)>copper(Cu)> mercury( Hg)>silver(Ag)> gold(Au)
Gaseous hydrogen results from the reaction of a non-noble metal with an acid as well as
the salt of the particular metal and an acid. Gaseous hydrogen is released in the form of
bubbles (Reactive schemes 1, 2, 3). A noble metal does not react with an acid at all (Reactive scheme 4). The test to prove the presence of hydrogen can be done by collecting it
into a test tube turned upside-down and placing it over the lit burner. Hydrogen makes
the “pop” sound.
Reaction scheme 4: Reaction of hydrochloric acid with zinc
Zn + 2HCl → ZnCl2 + H2
Reaction scheme 5: Reaction of hydrochloric acid with iron
Fe + 2HCl → FeCl2 + H2
20
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Reaction scheme 6:Reaction of hydrochloric acid with aluminium
2Al + 6HCl → 2Al → Cl3 + 3H2
Reaction scheme 7: Reaction of hydrochloric acid with copper
Cu + HCl → nereaguje
Resistance of metals to corrosion does not depend on the nobility of a metal. On the Corrosion
surface of aluminium, a thin layer of aluminium oxide forms spontaneously. In contrast
to iron, the layer is more complex and protects the metal. We call it passivation of metal.
If aluminium is used for chemical reactions, the layer must be removed. The removal of
aluminium oxide from the surface can be done mechanically by using emery paper. Products made of copper or a green layer – patina that passivates the surface of copper, covers
their alloys. A layer of zinc oxide that protects it against weak aqueous solutions covers
the surface of zinc.
Rusting, that is corrosion, of iron is caused by humid air or aqueous solutions and their
reaction with iron. An uneven porous layer forms on the surface of iron – rust, which contains primarily iron oxide of rusty colour. The layer of the oxide does not protect the metal,
it peels off causing the corrosion spreads further. That is why it is necessary to protect all
the iron objects that are exposed to air moist and aqueous solutions (for example rain) by
water repulsive coating or to cover them with a layer of resistant metal. Electroforming
and hot-dip galvanizing are used the most commonly.

2.5 Light
Light is one of the basic phenomenawhich humankind has encountered from time immemorial. The main and the most important source of light on Earth is the Sun. Another
common sources of light that have existed throughout the whole history of our planet can
be various exothermic chemical reactions like burning, or physical processes connected to
the release of energy leading to emitting light radiation (discharges, geothermal effects etc.).
Although light has an immense and fundamental significance for the life on Earth, an ac- Understanding
ceptable explanation of its substance for humankind was an unsolvable problem for a long of the “term” light
time. To this day, an accurate understanding of the term “light” from the physics point of
view is still very difficult.Philosophers and scientists have been trying to describe the phenomenon of light and its characteristics since a long time ago. Hellenic philosopher Plato
assumed that humans´ eyes were the active source of light. A mathematician and a geometer
Euclid shared the same opinion with Plato. This relatively spread concept naturally collided
with a quite evident dispute in the question “why in that case we cannot see in the dark”. An
atomist Democritus, in compliance with his idea that all the objects in the world consist of very
small particles, further impartible atoms, assumed that light as well was a stream of particles
that was radiated by every visible object. On the contrary, the philosopher Aristotle, whose extensive encyclopaedic work laid the foundations of many sciences and who was a fundamental
authority not only in the ancient history but also throughout the Middle Ages, did not agree
with the atomistic point of view and assumed that light itself was not a body nor was emitted
by a body but it spread through space in the same way as waves did on water surface.It is very
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interesting that both fundamental explanatory concepts of the term “light” already appeared in Ancient Greece, i.e. Democritus´s Corpuscular theory of light (particular) and Aristotle´s Wave theory of light. We will come back to both theories throughout the work.
Newton
and light

Modern philosophy, emerging modern biology and physics came back to the term of
“light”. Isaac Newton, an English philosopher, biologist, physicist, and mathematician,
in particular, described properties of light in details in his work “Optics: or, A treatise
of the reflexions, refractions, inflexions and colours of light” (shortened Optics), published in 1704. Newton in his work assumes that light is a current of very small particles
spreading out from luminous bodies and on the basis of this assumption he explains phenomena of geometrical optics as reflection, refraction and dispersion of light.
Newton´s corpuscular theory of light however did not manage to properly explain all the
observed optical phenomena, for example interference (combining) of light, diffraction of
light by an aperture or polarization. At the same time as Newton´s corpuscular theory of
light, a wave theory of light appears. Christiaan Huygens, a Dutch physicist, mathematician and an astronomer is its author. In 1678, he described light as a wave motion and with
the help of his wave theory he successfully explained most of light´s specific properties. He
also reintroduced the ancient term “aether”. The term determined a hypothetical omnipresent substance within light spreads in the same way as an ordinary mechanical wave
motion spreads through common mass. Later in the 19thcentury it was assumed that other
types of newly discovered electromagnetic wave motion spread in aether.

Electromagnetic
wave

Work of a Scottish physicist James Clerk Maxwell closely relates to the electromagnetic
wave motion. He described the connection between electricity and magnetism in the 19th
century. From the four Maxwell´s elemental equations it derives, that light is only one of
the types of electromagnetic radiation. It is a very narrow band of wavelengths. Depending on the colour, visible light covers the range of wavelengths from 400 nm–760 nm;
electromagnetic radiation in general can have wavelengths range from 10–12 m (gamma
rays) to 103 m (long radio waves). Out of the four Maxwell´s elemental equations also
derives that there is no need for aether for spreading out light, it can spread out in vacuum
as well as in a medium such as air or water.

Photoelectric
effect

At the beginning of the 20th century a photoelectric effect was discovered, whose experimental behaviour did not respond to that behaviour of light predicted by Maxwell´s theory of electromagnetic radiation. This effect was explained in 1905 by Albert Einstein, but
surprisingly, based on corpuscular theory of light that was at that time already considered
to be completely surpassed. In the new form of this theory light particles, photons, can
only exist with clearly defined energy, as energy quantum. Photons are special particles
that cannot exist in rest, they always move at the speed of light (within a vacuum this speed is c = 3 ∙ 108 m/s).
There is a clear connection between energy of photons and colour of light. Since the
colour of light corresponds with the wavelength of given electromagnetic radiation it is
possible to match a wavelength to the photon (particle) as well. This fact is absolutely in
contrary to the experience of classical physics. However, in the course of the 20th century
along with the advancement of quantum mechanics physicists come to a conclusion
that every physical object has both particle and wave motion properties concurrently.
For example, an electron can be in almost all cases considered a typical particle, but under some circumstances in the micro world, it has wave properties as well. Photon as an
elementary quantum of light, or rather electromagnetic radiation in general, has also both
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properties of a particle and properties of wave. Some of the light effects can be better
explained by the corpuscular theory when we see light as a stream of particles, other
effects can be explained by the wave theory, when we consider light to be a wave.Luis
de Broglie, a French physicist, generalized this thought for all mass in quantum mechanics when he postulated common principle of particle duality and wave motion.
Among the properties of light, which can be well-explained by the wave theory of light, Light
belongs the light refraction when passing between two mediums of optically different den- refraction
sity. Light refraction is a special example of refraction of wave, which is its common
property when it passes across the boundary between two media where the wave motion has different phase velocity. The refraction of wave derives from Huygens principle
which describes wave propagation by wave fronts. The specific result of light refraction
is dispersion of light. White light, which consists of lights of different wavelengths,
therefore the colours as well, is separated into its constituent colours when refracted
and a spectrum of colours is revealed. It is caused by a different wavelength of each
colour that moves at a different speed through a medium, causing the light to refract
differently. In the spectrum, it is possible to observe colours according to their gradually
decreasing wavelengths of a given light from red colour having the longest wavelength,
to orange, yellow, green, blue, indigo and violet which has the shortest wavelength. These
seven colours formed by light dispersion, were named by Newton but it is important to
realise that there are an infinite range of colour shades.
The dispersion of light is commonly demonstrated on light passing through a prism.
Here a double refraction of light occurs – on the wall which light enters the prism and on
the wall that it leaves the prism – that is why the dispersion is clearer. The rainbow is the
typical phenomenon where the light dispersion happens in nature. The refraction and
dispersion of the white sun light in the rainbow happen when light enters the raindropand
when it leaves it. The rainbow occurs while it rains and the sun shines at the same time.
However, it can also occur in water spray above a waterfall or when sprinkling with a garden hose.
The sun light, just as light that is emitted by other incandescent sources of light (halogen
and ordinary light bulbs, candles) has a continuous spectrum and contains light of all
wavelengths. According to the temperature of a luminous body, the wavelength, which
the body emits the maximum of energy on, can be moved either to the red or violet end of
the spectrum. That is why the sun light is white, the light of a bulb yellow and the candle
light orange. However, all of these sources still have a continuous spectrum. It is interesting that other sources can have discontinuous spectrum (line or band) and despite that
our eye still perceives their colour as white. (This is connected to the physiology of human
colour vision.) Examples of the sources with discontinuous spectrum are energy saving
bulbs or LCD displays and monitors.Other light properties, particularly its linear propagation and reflection, can be on the contrary, better explained by the corpuscular (particle) theory of light. Thinking of the image of a light particlecurrent makes the principle
of rectilinear propagation of light completely obvious. Clearly the same is the reflexion of
light from a boundary (typically from a mirror), when it is possible to demonstrate the reflection in a mechanical way as a perfectly elastic collision in which the total kinetic energy and particle movement remain the same. Light reflects from mirror surfaces according
to the same laws as a billiard ball does from a billiard table cushions.
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Properties
of light

Light during its propagation transmits energy. This fact derives from the corpuscular
(particle) theory of light, when in a mechanistic concept every light particle has its speed,
weight and also its kinetic energy and momentum. Here attention must be drawn to the
fact that photons cannot be at rest so there is no point in using rest mass when referring to
them. They constantly move at the speed of light, they have accurately defined quantum
energy (which is connected to their wavelength) therefore, they have weight as followed
from the special theory of relativity. Transmission of energy by propagating light can
also be explained by the wave theory of light. Light, according to Maxwell is only one of
the types of electromagnetic wave motion and every electromagnetic wave motion when
moving through space transmits energy. Transmission of energy by wave motion is again
possible to simply view in a mechanistic way. Propagation of energy by wave motion can be
simply viewed in a mechanistic way. Likewise, mechanical waves transfer energy through
space in which it travels, as the disturbance passes from one oscillating point to another.
If we observe energy emitted by an incandescent source of light (the Sun, light bulbs), it
is necessary to realise that such sources do not only emit light in the stated narrow range
of wavelengths of 400 nm – 760 nm but they also emit infrared thermal radiation and to
a certain extent, they also emit ultraviolet radiation. For example, an ordinary light bulb
emits 90–95 % of energy in the form of thermal radiation and the rest as light radiation.
On the contrary, cold sources of light (i.e. LED bulb) emit almost all of their energy in the
form of visible light.

Black body

For the need of accurate calculation of energy that is emitted or absorbed by incandescent source of electromagnetic radiation a term blackbody is being introduced. It is an
idealized physical body that absorbs all incident electromagnetic radiation that falls on its
surface. All bodies on the contrary reflect off a part of luminous energy falling on their
surfaces, therefore they always absorb less energy than a blackbody. Bodies with either
white or mirror-like surfaces absorb the least energy. The black body is also the ideal radiator as it emits the most energy at given temperature compared to all other possible
bodies. The same goes for white bodies or bodies with mirror-like surfaces, which emit
little energy (metal, lustrous thermal blanket foils of rescuers).

2.6 Physical qualities (volume, force, time, weight)
Volume

24

Volume measurement means measuring of the space that the measured substance or
body occupies.The measuring instrument for volume measurement is a graduated cylinder. It can directly measure the volume of liquid or powdered substances. We measure
the volume of the solid body easily by immersing it in water (or other liquids). The volume of the measured body is determined by the difference in volume of water before
it is immersed and submerged. A graduated cylinder can also measure the volume of
gaseous substances. Just fill it with water and turn it into a container with a little water so
that all the water stays inside. We then use the tube to blow the measured gas inside.The
graduated cylinder can be easily made from any container of a suitable size (for example,
a PET bottle) by filling it with a known amount of water and gradually drawing the scale.
However, beware of a systematic error! Every physical measurement is subject to error.
If the error is predominantly positive or negative, proportional errors can be added with
a sequential pouring. Therefore, it is advisable to pour out the water after few steps and
check the applied scale by pouring in a known amount of water.Such a graduated cylin-
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der can be used for making a spirometer (an apparatus for measuring the volume of the
lungs. The volume of the lungs of a grown up man is roughly 4.5 litres so it is useful to use
a 5 Litre jerry can.
Scales based on different principles are used to determine weight. Balance scales that are Weight
common function on the principle of comparing the weight of an object of unknown
weight to known weights. The most commonly used scales, however, are those working
on the principle of deformation of elastic body (for example the spring).The scale can
be easily made from common office supplies. A spring, a rubber band and a ruler can
be used. We firmly fasten the deformed object at one end and deform it by the load of
the other end. Nearby we place a sheet of paper on which we draw the scale while using
known weights.
Time was recorded and determined already in the period before the Neolith (8 000 B.C.). Time
From the beginning, the natural phenomena that repeated with regularitywere used
to determine the current period. The most obvious and easily observable objects, which
showed the highest accuracy in their periodical repetitions, making it possible to determine
accurately the current period, were the Sun, the Moon and stars. However, it was not easy
to determine accurately the current time or the season. Therefore, more understandable
methods of measurement had to come. Primarily, from practical reasons which was time
telling. To measure the time hourglass or water clocks, which work on the same principle
(the liquid or the sand poured out from the top container into the lower container in
a certain time) began to be used. Although you would not be able to read what time, it was
from these. For this purpose, another system began to be used – the sundial. 1)
It is not difficult to make a sundial. A rod stuck in the ground or fastened to a vertical How to make
surface will suffice. Then you only need to watch the time on your watch and record the a sundial
position of the shadow every whole hour. Sundials can also be made from paper.For the
sundial to work correctly, the pointer must have a direction parallel to the earth axis. For
our latitude, this means a slope of the pointer roughly 50° from the horizontal direction,
pointing north (Fig. 1). If the clock is placed on a vertical wall, the pointer must be around
40° vertically and facing south when viewed from above.
50° Sundial Pointer
Rotation
Axis
50°

Pic 3: A slope of the sundial pointer

1)

Měření času. Wikipedie [online]. 2016 [cit. 20170515]. Accessible from:
https://cs.wikipedia.org/ wiki/M%C4%9B%C5%99en%C3%AD_%C4%8Dasu
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Due to the earth‘s axis inclination and the ellipse‘s trajectory of the Earth round the
Sun, the Sun does not move evenly across the sky during the year. Therefore, during the
year, sundials are gaining time or are delayed. The difference against the even time that the
watch shows is up to 16 minutes. Therefore, the sundials are equipped with a correction
table (Fig. 2).According to the current date, we find the value in minutes that must be added or subtracted in the table.
When making a sundial , we need to count this correction in it. If we were to draw the
position of the shadow of the pointer exactly according to our watch in mid-February,
in early November the sundial would gain over 30 minutes.Another possible deviation,
which we must take into account, is the fact that the true solar noon (the moment when
the sun is the highest above the horizon) occurs for different longitudes at a different
moment. In the east of Czech Republic, noon is 26 minutes earlier than at the western
end. Solar time corresponds to the time on the watch only in the middle of the time zone.
It is located at 15° east longitude (Meridian passing near the town of MladáBoleslav). For
each degree to the east of this meridian, it is necessary to add 4 minutes to the solar time
and subtract it to the West (Pic 5).
Časová odchylka
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17
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0
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Pic 4: Annual correction of the data from the sundial to an even time. 2)
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Pic 5: The correction counted to the longitude 2)
2)
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When designing the sun clock, we have two options:
1. We can set the right solar time on the dial. The clock is then equipped with a correction
table including the correction to the longitude.
2. When calibrating the dial, we include the time delay given by the longitude. The clock
is then provided with a correction table that includes only the correction by date.
Dynamometers are usually based on the principle of deformation of elastic body Force
(especially the spring). Based on this principle, a dynamometer can be constructed using
ordinary materials in order to measure the tension force. A rubber food hose (approx. 3 m
long) will suffice. We will tie one end of the hose to the firm handle. Gradually, all pupils
will pull at the other end. Whoever pulls the hose most, applied the greatest force. For
the objectivity of the measurement it is advisable to draw a line on the hose and to plot
the best performances on the paper located nearby. If we attach the hanging weight to the
hose and then pull it, we can provide our dynamometer with a regular scale in Newtons.
Another non-traditional and very simple dynamometer measuring the strength of the
press is a PET bottle.We will fill it with water, put matches of a various length into the
bottle and we will close it. This is the principle of a physical toy called Cartesian diver.
If we squeeze the PET bottle, the air contained in the matches is compressed and water is
pushed into the volume of the matches. The density of the match increases and it begins to
fall to the bottom. Since each match is of a different length, a different force is needed to
sink it. Whoever sinks more matches wins. Be careful, the matches will soak in the water
and the dynamometer stops working.

3. DIDACTIC PROCEDURE LEADING TO DEVELOPMENT
OF THE IDEA
3.1 We observe and study substances
Task 1: Change of temperature during vaporization
Topic: properties of substances, temperature measurement
Level: Primary (1.–5. Graders)
Thematic Unit: science
Subject: 6–11 years old or older
Recommended age of pupils: preparation: 15 minutes, implementation: 15 minutes

Time allocated:
For every working group, the teacher prepares 3 thermometers, cotton wool, slide or any
unabsorbent mat, three droppers, and storage bottles with water, acetone (nail polish remover), ethanol (alcohol). It is important to have the thermometers and solutions in the
storage bottles ready in the classroom at least one hour before the experimental measurement so that they can warm up to the room temperature.
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Pupils are explained how to read the thermometer values correctly, and are told not to
touch the metal tip of the thermometer in order to not distort the measurement results.
Pupils estimates, based on their own experience, what temperatures they are likely to measure after soaking the ball of cotton wool into the solutions. Pupils can discuss it in their
groups and come to a common conclusion. If any of the pupils has opposing opinion from
the other pupils in the group, he/she explains his/her idea to the classmates and he/she
completes the worksheet with his/her own estimate.
Working procedure: The ball of cotton wool attached to the tip of the first thermometer is
soaked into water and taken out immediately, in the same way the second ball of cotton
wool, attached to the tip of a thermometer is soaked into acetone and the third one is soaked into ethanol. Pupils place the thermometers on the unabsorbent mat. Two minutes
later pupils write the read values into the attached table.
If the cotton wool did not cling properly to the tip of the thermometer or was causing
problems to pupils when manipulating with it, it is possible to use a rubber band to hold
it in place. Eventually the cotton wool can be soaked in the solution and wrapped around
the thermometer after that. In that case, it is necessary to use rubber gloves.

Task 2: The Speed of Evaporation
Topic: properties of substances
Level: Primary (1.–5. Graders)
Thematic Unit:
Subject: science
Recommended age of pupils: 6–11 years old or older
Time allocated: preparation: 5 minutes, implementation: 5 minutes
For every working group, the teacher prepares three slides or any unabsorbent mat, three
droppers, and from the previous experiment three bottles with liquids – water, acetone
and ethanol.
Pupils estimate, based on their own experience and previous measurements, which drop
will evaporate the fastest. In their working groups, pupils can discuss it and come to
a common conclusion. Each of the pupils completes the worksheet with his/her estimate.
Working procedure: On the first slide or an unabsorbent mat, pupils place a drop of water with the first dropper, on the second a drop of acetone and on the third one a drop of
ethanol. They write their findings in the attached table. Pupils can be encouraged to blow
gently above the surface of the drops to speed up the evaporation.

28

I – S.K.Y.P.E. Methodical Handbook for Teachers
1. All matter in the Universe is made of very small particles

Task 3: The speed of evaporation of commonly available liquids
Level: Primary (1.–5. Graders)
Thematic Unit:
Subject: science
Recommended age of pupils: 6–11 years old or older
Time allocated: preparation: 5 minutes, implementation: 5 minutes
The teacher prepares various liquids, which pupils encounter on a daily basis, and the
same number of slides and droppers. Pupils make a single drop of the liquids on the slides
or unabsorbent mat by using the droppers and watch the process. Pupils should already
be able to estimate precisely, what the order of the vaporization of the given solution will
be, and they write it in the attached table.

Task 4: Processes that influence the speed of evaporation
Topic: properties of substances
Level: Primary /1.–5. Graders/
Thematic Unit:
Subject: science
Recommended age of pupils: 6–11 years old or older
Time allocated: preparation: 15 minutes, implementation: 20 minutes
The speed of evaporation depends not only on the chemical composition of a liquid but also
on outer conditions. Pupils work in groups and agree what their work procedure will be.
For every group, the teacher prepares 14 slides, 2 droppers, a beaker or a glass, a container
with ice or cold ethanol, a candle and ethanol. To raise the attractiveness and for easier observation, it is suitable to dye ethanol with food colouring.
The higher the temperature of the surroundings, the faster the liquid evaporates. Pupils simultaneously place a drop of ethanol on the first and the second slide by using the dropper.
They carefully heat up the first slide over the flame of the candle and compare the speed of
evaporation of the drop on the first slide and the drop on the second slide.
When the influence of the lower temperature of surroundings on the speed of evaporation
is proved, pupils simultaneously place a drop of ethanol on the first and the second slide by
using the dropper. They carefully place the first slide on an ice cube or the container with
ice and compare the speed of evaporation of the drop on the first slide and the drop on the
second slide.
The higher the temperature of a liquid, the faster the evaporation is. Pupils suck ethanol into
one of the droppers and warm it up in hands for at least one minute. Due to this, the tempe29

I – S.K.Y.P.E. Methodical Handbook for Teachers
1. All matter in the Universe is made of very small particles

rature of ethanol increases approximately up to 37 °C. After that they suck ethanol into the
other dropper as well. Using ethanol from both droppers they simultaneously place a drop
on the slides or the unabsorbent mat. The second drop has the room temperature. Therefore
the drop of heated ethanol evaporates faster. When proving the influence of the lower temperature of the liquid on its evaporation, the teacher brings ethanol from the refrigerator as
the first sample. In this case, the second drop evaporates faster.
Another way to speed up the evaporation of a liquid is to extend the surface, which will
the liquid evaporate from, as much as possible. Pupils simultaneously make two drops of
ethanol and they spread one of the drops over the slide with the use of the dropper. The
drop with a larger, unobstructed surface will evaporate faster. This is used when drying wet
clothes – it is necessary to shake them out first and spread them over an area as large as
possible. In the same way, we generally do not make a ponytail but let the hair loose when
drying it.
Pupils again place two drops of ethanol on two slides. They carefully blow on the first one
so that the drop is not blown away from the slide. The drop, which the current of air flows
over, evaporates faster. The same as the washing hung in the wind or hair dried by cold air
will dry faster rather than when the air is not moving at all.
Pupils repeat the same procedure of placing two drops of ethanol on two slides. They cover
the first slide with the beaker and leave the other one uncovered. The drop, which is not
closed under the beaker, evaporates more slowly.
Evaporation is a process, which takes place at all times and under all circumstances. We can
make it slower or faster by changing the outer factors, but we are unable to stop it.

3.2 Water is not only for drinking
Task 1: Melting of ice in a solution with salt
Topic: Water and Ice
Level: Primary (1.–5. Graders)
Thematic Unit:
Subject: science
Recommended age of pupils: 6–11 years old or older
Time allocated: preparation: 15 minutes, implementation: 15 minutes
At least one day before the beginning of the laboratory practical, the teacher must prepare
three 1.5 Litre PET bottles, which he/she fills up with water and leave them in the freezer
to freeze until the next day. He can, of course, use other containers, which are also suitable
for freezer use.
On the day of the laboratory practical the teacher prepares for all the students in the classroom 3 hammers, 3 tea towels or any other rugs that will the students use for wrapping
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the ice. He/she takes out the PET bottles from the freezer, cuts them open and takes out
the ice. It is advisable to have the ice ready in the room so that its temperature rises to 0 °C.
The temperature in the freezer is usually around –17 °C.
For each working group, the teacher prepares the following equipment on the table: 2 big
bowls of various size or a bowl and a beaker, table salt (NaCl), thermometer for measuring
lower temperatures (at least around –20 °C), a teaspoon, time gauge (pupils can use their
own devices for measuring the time, for example clocks, mobile phones), juice or water
with syrup, a plastic bag.
Pupils crush the ice wrapped up in the tea towel or a piece of rug into small pieces by the
hammer. They put three units of weight of ice and 1 unit of weight of table salt into the
bigger bowl. They stir the mixture of ice and table salt with the spoon and observe the
change in temperature in the bowl. Pupils record the temperature change of the ice and
table salt mixture depending on time in the table. They read the values every 30 seconds.
In the next step, pupils put the plastic bag into the smaller bowl or the beaker and fill it at
least up to a half with some juice or water with syrup. They will tie up the plastic bag and
while in the beaker, they put it into the bowl with the ice and table salt mixture. They wrap
up the bowl in the tea towel or a piece of rug and leave it to stand in the corner of a desk,
for at least 20 minutes. Meanwhile, they work on other set tasks.

Task 2: Melting of ice cubes with various salt concentration
Topic: Water and ice
Level: Primary (1.–5. Graders)
Thematic Unit:
Subject: science
Recommended age of pupils: 6–11 years old or older
Time allocated: preparation: 15 minutes, implementation: 10 minutes
A day before the laboratory practical, the teacher prepares 3 differently concentrated solutions of table salt (sodium chloride). The first solution of table salt will be of 20 % that
means that the teacher dissolves 200 grams of table salt in 800 ml of water and dyes it with
food colouring.
The teacher then prepares the second solution of table salt of 10% that means the teacher
dissolves 100 grams of table salt in 900 ml of water and again dyes the solution with food
colouring, but this time he/she uses a different colour from the one he/she used for dying
of the first solution.
The third solution will not contain any table salt. The teacher only dyes the water with the
food colouring. He/she uses a different colour from those he/she used before.
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The teacher pours the prepared solutions into ice cubes moulds or ice bags and leaves
them to freeze in the freezer until the next day.
On the day of the laboratory practical, the teacher prepares for the working group of pupils the following equipment: 3 beakers or bowls of the same size, a thermometer, time
gauge (pupils can use their own devices for measuring the time, for example clocks, mobile phones).
Pupils fill all the containers with tap water of the same temperature. They measure the
temperature with the prepared thermometer.
The teacher distributes three ice cubes of various colours to each working group. Pupils
do not know that the ice cubes are not just clear frozen water. At the same time, they put
one ice cube into each container and simultaneously start measuring the time it takes for
each ice cube to dissolve.
The ice cube which contained the biggest amount of salt dissolved the fastest. The ice cube
that did not contain any table salt dissolved the slowest.

Task 3: Tensile stress
Level: Primary (1.–5. Graders)
Thematic Unit:
Subject: science
Recommended age of pupils: 6–11 years old or older
Time allocated: preparation: 5 minutes, implementation: 10 minutes
The teacher prepares a beaker without a spout or a glass and a dropper for each pupil. For
every working group he/she prepares a bottle with a washing up liquid. Pupils prepare at
least 20 pieces of smaller coins or paper clips.
Pupils fill the beaker or the glass with cold tap water up to the edge. To make sure the beaker or the glass is completely full, they fill up the last drops of the cold water with a dropper and they do not move the container with the water any more.
Pupils start throwing the coins or paper clips carefully into the container with water. They
keep doing this until the water starts flowing over the edge of the container.
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3.3 The air around us
Task 1: The weight of the air
Topic: Air
Level: Primary /1.–5. Graders/
Thematic Unit:
Subject: science
Recommended age of pupils: 6–11 years old or older
Time allocated: preparation: 10 minutes, implementation: 15 minutes
For every working group, the teacher prepares one mirror or a piece of glass. Petri dish or
a watch glass is also possible to use. Pupils breathe on the glass and watch what happens.
They write their estimate in the prepared worksheet.
For the next part of the first task, the teacher prepares one balloon for each pupil and at
least three bicycle pumps per class. Next, the teacher prepares a digital scale that has 0.1 g
of accuracy and places a big cardboard box on it, with the scale display easy to be seen.
If it is not possible to see the display, the teacher makes a hole into the cardboard box so
that it is possible to see through and read the values on the scale display. The teacher places the cardboard box on the scale, pupils put uninflated balloons inside and after that the
teacher resets the scale (TARE button).
Pupils inflate the balloons with the bicycle pump, tie them up tightly and put them carefully back into the box. When all the balloons are in the box, the teacher or a chosen pupil
reads the value from the display and write it on the board or clearly tells the classmates.
Pupils write their estimate and the read values in the worksheet and answer the additional
questions.
Next, the teacher prepares a syringe of at least 25 ml of volume for each pair of students
and a marshmallow (Fig. 2). Pupils cut off a piece, small enough to fit into the syringe.
When cutting the marshmallow, pupils need to be careful not to deform it.

Picture 6: Marshmallow
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Pupils put the cut off piece of marshmallow into the syringe and close it with the plunger.
They leave the plunger in the upper position. The syringe, which contains the marshmallow, is entirely filled with air. Pupils use their thumbs to close the end tip of the syringe
and start pushing the plunger down. They watch what is happening to the marshmallow
inside the syringe. When the density of the air increases (its volume in the closed container decreases), the pressure inside the syringe starts to increase.
Then pupils release the plunger and push it down until it just reaches the marshmallow but
not any further to avoid its deformation. The syringe contains the piece of marshmallow
and little amount of air. Pupils close the end of a syringe tip by their thumbs again and
start pulling the plunger of the syringe up. They watch what is happening to the marshmallow inside the syringe. When the volume of the air in the closed container increases
(its density decreases) then the pressure inside the syringe starts decreasing. Pupils write
their presumptions and observation in the worksheet.

Task 2: Oxygen in the air
Topic: Air
Level: Primary (1.–5. Graders)
Thematic Unit:
Subject: science
Recommended age of pupils: 6–11 years old or older
Time allocated: preparation: 5 minutes, implementation: 5 minutes
The teacher prepares a tea candle for each pair of students, a beaker or a glass, some matches, a soup plate or a bowl. Pupils fill the plate or the bowl with cold tap water, light the
tea candle and place it carefully on the water surface. They take a beaker or a glass and
close it carefully over the candle. They observe the course of the experiment and write the
results in the table in the worksheet. It is important to advise pupils to watch the ongoing
experiment until the end – when the last candle goes out and the water surface in the glass
rises above the water surface in the plate.

Task 3: Carbon dioxide
Level: Primary (1.–5. Graders)
Thematic Unit:
Subject: science
Recommended age of pupils: 9–11 years old or older
Time allocated: preparation: 15 minutes, implementation: 15 minutes
The teacher prepares the apparatus for a lab preparation of carbon dioxide (Fig. 2). By
reaction of Sodium bicarbonate - baking soda and Acetic acid - vinegar (Reactive scheme
2) or calcium carbonate and hydrochloric acid (Reactive scheme 1), he prepares carbon
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dioxide, which he pours in the pneumatic bath through rubber pipe. There are four lit
candles of different heights, ordered gradually. Pupils watch the order of candles going
out. They write their presumptions and observation in the worksheet.
After that, the teacher sinks the rubber piping from the apparatus in the limewater and
leaves the gas to bubble for a while. Testing for carbon dioxide according to Reactive scheme 3 is taking place. The teacher fills up the wash bottles with lime water so that every
working group has one. He attaches a rubber pipe to the side of a wash bottle and pupils
carefully blow into it, using the full breath. Instead of a wash bottle, a beaker with a straw
or a rubber pipe can be used. However, when using these, a teacher must supervise. Pupils
write their observation and conclusions in the prepared worksheet.

3.4 Metals in our life
Task 1: Density of metals
Topic: Metals
Level: Primary /1.–5. Graders/
Thematic Unit:
Subject: science
Recommended age of pupils: 6–11 years old or older
Time allocated: preparation: 10 minutes, implementation: 15 minutes
For each working group of between 2 to 4 pupils, the teacher prepares three objects made
of various metals (aluminium, iron and copper), scales, graduated cylinder, a nail. The
teacher chooses the size of the graduated cylinder according to the size of the objects so
that they could be easily put in and taken out.
Pupils number the objects 1-3, describe their look (colour, sheen) and make a presumption
of which metal the objects are made from and write that in the table. Next, pupils make
an incision into each of the metals and write, in Table 1, which metal they made the deepest incision into (hardness 1), and which metal was the hardest to make the incision
into (hardness 3). Pupils weight the objects on the scales and write the read values in the
prepared Table 2.
Pupils fill the graduated cylinder with cold tap water and write the amount of water in
the table. After that they put the first object into the graduated cylinder and read the new
value of the water volume, they write the findings in Table 2. The amount of water in the
graduated cylinder must cover the object entirely but at the same time the measuring
range on the graduated cylinder must not be exceeded. Pupils pour out the water from
the graduated cylinder and take out the first object. They continue doing the same task
with the second and the third object. At the end, pupils calculate the density of an object
– using Table 3 and in Physical and Mathematical tables, they look up which metal the
density belongs to.
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Task 2: Magnetic properties of metals and alloys
Topic: Metals
Level: Primary (1.–5. Graders)
Thematic Unit:
Subject: science
Recommended age of pupils: 6–11 years old or older
Time allocated: preparation: 5 minutes, implementation: 10 minutes
For every working group of pupils, the teacher prepares metal objects– iron, aluminium,
copper and out of alloys – brass, bronze and chromium steel. Then the teacher prepares
a magnet for each pupil in every group.
Pupils number each samples of metals and alloys, describe the look – colour and sheen
and write it in the table. Based on their own experience, they predict if the magnet will
attract the metals and alloys or not. After that, pupils either confirm or disprove their
presumptions by placing the magnet towards the objects. They write their findings in the
prepared table. The teacher, together with the pupils, determines which metals and alloys
pupils were working with.

Task 3. Chemical properties of metals
Topic: Metals
Level: Primary (1.–5. Graders)
Thematic Unit:
Subject: science
Recommended age of pupils: 9–11 years old or older
Time allocated: the whole lesson
A) Reaction of metals with hydrochloric acid
The teacher prepares a pair of rubber gloves, a pair of protective glasses, and a lab coat for
each student. For each working group, the teacher prepares a test tube stand, 8 test tubes,
emery paper, a dropper, 10% solution of hydrochloric acid, metals – zinc, iron, copper and
aluminium, copper covered by patina and iron covered by rust.
Pupils put on the coats, protective glasses and rubber gloves. They prepare 4 test tubes in
the stand and number them 1 to 4. Pupils work with metals, which are covered by a layer
of their oxides. Pupils put a piece of zinc into the first test tube, a piece of iron into the
second, a piece of copper into the third and a piece of aluminium into the fourth.
Pupils add 10% solution of hydrochloric acid to each sample of metals by a dropper. Pupils
first make a presumption about the process of the chemical reaction. Consequently, they
carry out the experiment and write down their observation in the prepared table.
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Pupils prepare another four test tubes in the stand and number them 5 to 8. They thoroughly clean the pieces of metals by emery paper – copper covered by the patina must have
red-brown colouring. Aluminium, which is covered by aluminium oxide, must be cleaned
until it gets a metallic sheen. Rusty corrosion must be removed from iron, it will then have
a metallic sheen colour and so will zinc after the cleaning.
Pupils put a piece of cleaned zinc in the test tube number 5, a piece of iron in the test tube
number 6, a piece of copper in the test tube number 7 and a piece of aluminium in the
test tube number 8. Pupils add 10% solution of hydrochloric acid to each sample of metals
by a dropper. Pupils first make a presumption about the process of the chemical reaction
and consequently they carry out the experiment and write down their observation in the
prepared table.
B) Effects of long-range interaction of aqueous solutions on metals
The teacher, at least one week before the planned laboratory practical, prepares samples
of metals in various environments into 8 test tubes. He/she thoroughly cleans the metals
with the emery paper. The teacher places first 4 test tubes in the first laboratory stand and
fills them with tap water. He/she puts zinc in the first test tube, iron into the second one,
copper into the third one and aluminium into the fourth one.
The teacher places another 4 test tubes in the second laboratory stand, fills them with vinegar and puts in the same four metals. He/she puts zinc in the fifth test tube with vinegar,
iron into the sixth one, copper into the seventh one and aluminium into the eighth one.
The samples of metals must be immersed in the water and vinegar at least by two thirds.
The teacher labels the test tubes and closes them by a ball of cotton wool so that the gas
that is being released can freely leak. After that, the teacher leaves the test tubes to stand
on the same place until the laboratory practical.
The teacher encourages pupils to predict, based on the carried out experiments and their
own experience, what will happen to the metals, which have been placed in the water and
vinegar for a week. After pupils have written down their expectations in the worksheet, the
teacher will show them the test tubes with the metals, which were exposed to long-term
effects of water and vinegar.

3.5 Light
Task 1: White and coloured light
Primary aim of this task is to show pupils that white light can consist of individual coloured lights. Another aims should encourage pupils to independently research and verify the
effects of the surrounding world and to show them that for carrying out physical experiments there is no need for using specialist equipment in laboratories but it is possible to
realize them in common environment with easily accessible objects, alternatively without
the need of any equipment at all, only as simple observation of the surrounding reality.
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Pupils can observe light refraction with the use of a variety of tools. The one easily most
accessible is a common compact disc (CD) where the refraction of light occurs by interference of light on the grating which is formed by grooves on the recording area of the disc.
If the teacher has a prism from any set of tools for teaching optics, he/she can show the
light refraction with the help of this prism. However, in most cases light refraction with
the use of a prism takes more careful preparation of experiments including the installation of a special light source and optical bench with a shade. It is not advisable to start
with the experiment using the prism. It is better to let pupils experiment with the CD so
that they try to examine the spectrums of various luminous sources independently. Pupils
should conclude that the sun spectrum and the spectrum of a light bulb are continuous,
i.e. they contain all colours while one passes into another continuously. The spectrum of
LED bulbs also appears as continuous and looks the same as the Sun spectrum. The fact
that the intensity of individual colours is different pupils cannot recognise. Pupils should
name the basic colours of the Sun spectrum. Ideally, they should name Newton’s seven
basic colours – red, orange, yellow, green, blue, indigo and violet. Nevertheless, it is not
important to name them in this order.
The spectrum of a fluorescent tube and energy saving light bulbs (compact fluorescent
lamps) has a line or a band structure. It is suitable to use a mobile phone display as another
source of light. If we shade a part of the display in order to observe a point or a line source,
it is clearly visible that the light of the display, which we perceive as white is formed only
by red, green and blue light in reality.
As a matter of interest, it is possible to try observing the spectrum of light emitted by a laser pointer. This light is monochromatic so no light refraction obviously occurs. Caution!
Do not use any other stronger lasers but the ordinary pointers. If it by accident strikes an
eye of the observer, it will blind him/her temporarily, but the eye will not be damaged.
With lasers that are more powerful there is a risk of a permanent damage to the eye if the
laser ray struck the unprotected eye.
Another spectrum, which can be well observed without any tools, is a rainbow. It is possible to observe the classical rainbow during the rain, the rainbow in a water spray above
a waterfall or above a fountain, or when sprinkling water with a garden hose. It is likely
that not always it will be possible to observe a real rainbow so a good-quality photo of this
phenomenon can be examined. Pupils should again determine which colours appear in
the spectrum and their order.
It is also important for pupils to realize that the order of colours in the spectrum is always
the same no matter whether it is a continuous, line or band spectrum and the refraction
is made by a reflection on the CD (alternatively refraction on a prism) or when passing
through raindrops when the rainbow is formed.
Pupils can work individually or in small groups. It is advisable to have them discuss the
findings and deduced conclusions. Some of the observation especially that carried out on
an ordinary CD in combination with a planar light source does not have to be completely
provable. It is always only a qualitative observation, at this level nothing can be quantified.
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Procedure:
The observed source of light must have small angle dimensions otherwise the images of
individual parts of the source, when observed, cover one another making the image unclear, potential bands or lines merge into one another and each spectrum appears as seemingly continuous. However, it is satisfactory if the small angle dimension is perpendicular
to the observed band spectrum. (If the CD is horizontal and the spectrum shows up on
the part of the CD away from the centre towards the observer, the violet colour will be the
closest to the centre and the other colours in the direction towards the edge, closer to the
observer, up to the red colour, the source of the light can appear as horizontal line.)
When observing, we place the ordinary CD in a way that we can see the recording layer
roughly at an angle of 30–40° in order to see the reflection of the source in the more distant half of the disc. After tilting it slightly towards us, we can see the spectrum of the
observed source in the closer half of the disc. For basic observation of angularly small
enough sources, using a whole, unaltered CD is satisfactory.
When observing an intensive light source (the Sun, laser) it is possible to work in a common, lightened room. When observing light bulbs or fluorescent tubes it is suitable to
darken the room at least partially. When observing a mobile phone display, it is suitable to
darken the room adequately (however, it does not have to be perfect).
For a better quality observation, it is feasible to make simple spectroscopes with an inserted shard of a CD. Out of a black sheet of paper, cut out the spectroscope body according
to a template, glue the CD shard on and glue the box together. Such spectroscope has
three big advantages when compared to an unaltered CD. The inner blackening of the
box shades surrounding light so the image is more contrasting. An aperture borders the
source light so that we do not need to limit ourselves to observing angularly small sources
of light. The construction of the box ensures the right angle of view without the need of
complicated turning of the disc level in order to find the right reflection. More than 10
spectroscopes can be made out of one CD. It is advisable to separate the pieces of CD with
a hot knife. A stronger pair of scissors can also be used but there is a risk of breaking the
disc or peeling off the recording layer.
A DVD can be used as well if needed. However, the DVD has a violet colouring of the
recording layer, which can distort the observation. In addition, it has a different density of
the recording grooves so the image of the spectrum is created in a more complicated way
and it is not so clear.
When using a light source from a mobile phone it is necessary to light the whole display
to 100%. If it is a phone with an operational system, it is best to install an application that
enables it. In the offer of Google Play or App Store there are various “Torchlights”, for Android “The brightest flashlight for free” proved to work well. It can light up both the LED
of a camera and the display up to 100%.
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Notes for SEN pupils:
Pupils with learning difficulties – it is satisfactory if they only observe the continuous
spectrum of the Sun and the light bulb. The conclusion should be naming of the colours in
the spectrum and saying that the spectrums of the Sun and the light bulb look the same.
Gifted pupils – can try to find fine differences between the Sun spectrum and the LED
light bulb spectrum. Both spectrums are continuous but the LED light bulb spectrum is
clearer due to the higher intensity of light in the blue part (especially with cool white LED)
and lower intensity in the violet part (the sharp end after the blue colour). Also they can
explain the existence of the secondary rainbow. (The secondary rainbow is formed by one
more reflection than the primary rainbow so the colours are arranged in the reverse order,
just as the mirror image.)

Task 2: The law of reflection
The aim of this task is for pupils to verify the law of reflection of light. Before starting the
experiments it is useful to compare light to a stream of particles and along with pupils,
while looking at a drawing, try to estimate in what way the reflection of light from a mirror
will propagate.
It is not possible to use mechanical analogy as such and work with the terms like perfectly
elastic collision, kinetic energy and momentum. It is necessary to rely on empirical experience of the pupils. Eventually an improvised billiard table can be assembled – horizontal desk with a cushion on one side – and pupils try to bounce a flexible ball against the
cushion under various angles. It can be considered that the experience pupils gain by doing
this experiment, they have already experienced before. Based on this preparatory experiment from mechanics or based on previous experience, pupils fill in the first column of the
table with the assumed course of the experiment.
After that pupils start the experiment with the light source and a mirror. We put a white
piece of paper on the desk and place a mirror at the right angle. By using the laser pointer, pupils project the light ray on the paper and observe where it reflects. The laser ray is
obviously narrow even in the perpendicular direction to the sheet of paper so even when
placing the laser pointer literally on the level of the paper, only a part of the ray is projected. By a slight tilt or by dangling the pointer in the vertical level pupils project the closer
or further part of the ray on the sheet of paper. They draw the trace of the ray on the sheet
of paper with a pencil so that they gradually get the course of the whole ray both incident
and reflected. (When tilting the pointer it is important not to change the point of impact of
the ray on the mirror nor the placement of the pointer itself.) After pupils have marked the
whole course of the ray, they draw it in the table. (Instead of a laser pointer, a light source
from the school set for optics can be used, ideally laser one as well.)
They repeat the procedure for all four reciprocal positions of a light source and a mirror indicated in the assignment. It is not completely determinative if the angle in the experiment
corresponds precisely to the angle in the assignment. However, what is determinative for
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pupils to carry out the experiment for these situations are the following: 1) the incident ray
is almost parallel with the mirror ( the angle towards the level of the mirror is about 10°);
2) an incident ray makes the angle of about 45° towards the level of the mirror (so that the
incident and reflected ray is more or less perpendicular); 3) the ray strikes the mirror under
the angle about 70–80° (almost but not completely perpendicular); 4)the ray falls perpendicularly to the mirror. The given angles are set only for the teacher´s orientation, as pupils
do not know the angles measurement yet. In addition, it is not suitable to set pupils the
position of the ray from the level of mirror in numbers as in the quantitative formulation of
the law of reflection is worked with the angle between the ray and a vertical.
Based on the experimental findings of courses of incident and reflected rays, pupils deduce
the law of reflection in the sense that the incident and reflected rays are the same angle with
the mirror. Here you can still tolerate that pupils apply an angle to the plane of the mirror,
although due to the above it is preferable to try to compare the angles from the perpendicular. Since the whole experiment takes place in the plane of the sturdy paper, it is not
necessary now to introduce the second law of reflection that the reflected ray remains in
the plane of impact.
Notes for SEN pupils:
Pupils with learning difficulties – completing two rows of the table is satisfactory (for
example the first and the third). The conclusion about the same angle of impact and reflection should be always inferred if abilities allow.
Gifted pupils – By using a logical deduction and by generalization of the experiment into
space (= 3rd dimension), it is possible to come to the second law of reflection that the reflected ray remains in the plane of impact.

Task 3: The energy of light and thermal radiation
The first aim of the task is for pupils to realize that the light radiation is often accompanied
by thermal radiation and both of them transmit energy. Bodies that shine because they are
incandescent, emit a big amount of energy in the way of thermal radiation. Already mentioned light bulb shines out as light only 5 – 10 % of energy, the rest falls on the thermal
radiation. On the contrary, light sources based on a different principle for example LED
light bulbs or fluorescent tubes emit a lot less warmth in relation to light. Pupils compare
the energy emitted by an ordinary light bulb and a LED light bulb by measuring it.
Pupils first estimate how the course of the experiment of warming up a sheet of black paper
by heat radiation of an ordinary light bulb and a LED light bulb will proceed, which source
of light will warm up the paper the fastest. It is advisable to have them deduce this only based on their own experience, or based on an interpretation of why the ordinary light bulbs
are being replaced by other artificial sources of light. They should not deduce it based on
moving their hand or another part of the body closer to the lit up sources, because at that
moment everything would be quite clear to them.
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For the experimental execution of the first part of the task, it is necessary to prepare two
sources of light, ideally an ordinary light bulb and a LED light bulb with a similar luminous
flux. It can be for example a 100W light bulb, which has the luminous flux of approximately
1300 lm, and a LED light bulb with the input of approximately 13 W, which has a comparable luminous flux. Next, any two thermometers with the range from room temperature
up to at least 50 °C but preferably up to 100 °C and two sheets of black paper are needed.
We place one of the black sheets of paper to the set distance from the light bulb and put
a thermometer underneath it. We place the other sheet of paper at the same distance from
the LED light bulb and again we put a thermometer underneath it. It is essential for both
thermometers and the sheets of paper to lie on the same surface (for example on the wooden desk, a carpet or linoleum). We turn on the ordinary light bulb and the LED light
bulb as well and read the temperature on both thermometers at regular intervals. We end
the measurement after reaching the agreed time, number of measurements or when exceeding the thermometer range. After finishing the measurements, pupils compare the final
temperature on both thermometers and make a conclusion about which of the used light
sources emits more energy. They compare the experimentally obtained result with their
initial estimation. It is advisable to remind the students at the end that both sources were
chosen to emit a comparable amount of light.
The second goal is to verify the difference in how bodies with differently coloured surfaces
absorb the thermal and light radiation. A blackbody absorbs all incident radiation and
transforms it into its internal energy. The sheet of black paper does not match the properties of a blackbody, but the difference from the white paper will be noticeable. Based on
their experience pupils should know that bodies with a dark surface get warmer and faster
in the sun than bodies with a light surface. Light bodies reflect the majority of the incident
energy back into the surroundings, while the dark bodies absorb most of it. Pupils will verify this commonly known fact by an experiment.
For the experimental execution of the first part of the task, it is necessary to prepare a light
source, ideally an ordinary light bulb with a power input of approximately 100 W. In addition, any two thermometers with a range from room temperature up to at least 50 °C but
preferably up to 100 °C and a sheet of black paper and a sheet of white paper are needed.
We place the black sheet of paper within a specified distance from the light bulb and put
a thermometer underneath it. We place the white sheet of paper at the same distance from
the light bulb and again put a thermometer underneath it. It is essential for both thermometers and the sheets of paper to lie on the same surface (for example on the wooden
desk, a carpet or linoleum). We turn on the light bulb and read the temperature on both
thermometers at regular intervals. We end the measurement after reaching the agreed time,
number of measurements or when exceeding the thermometer range. After finishing the
measurements, pupils compare the final temperature on both thermometers and make the
conclusion about which of the sheets of paper absorbed more energy. They compare the
experimentally obtained result with their initial estimation. At the end of the experiment,
it is appropriate to stress that both sheets were placed at the same distance from the light
source so the comparable amount of energy was radiated on them (light and heath).
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Notes for SEN pupils:
Pupils with learning difficulties – they do not need to measure the temperature at regular
intervals, it is satisfactory if they read the temperatures once after the set time and compare them.
Gifted pupils – pupils can plot all measured temperatures on graphs of temperature dependence on time, always plotting both compared temperatures on one graph. They can
observe the trend in temperature changes. (It should be roughly linear).

3.6 Fyzikální veličiny (objem, síla, čas, hmotnost)
Přehled aktivit
Estimated
duration
(min)

Difficulty

Age group

Making
a graduated
cylinder to
measure the
volume of liquid,
powdered and
solid substances

45 min

easy

from
9 years old

a PET bottle, scissors,
alcohol based marker,
graduated cylinder,
measured objects and
substances, Table 2

Understanding the
principle of measuring
the volume of liquid,
powdered and solid
substances.

Making
a dynamometer
for measuring
the volume of the
lungs

45 min

easy

from
9 years old

5L jerry can, alcohol
based marker,
graduated cylinder,
Tube, washing-up bowl,
Table 3

Understanding the
principle of measuring
the volume of gaseous
substances.

Making a scale
from a ruler

45 min

medium

from
9 years old

ruler, clamp, string,
cardboard, scissors,
paper, pencil, set of
weights, measured
objects and Table 4

Understanding the
principle of a scale
functioning based on
the deformation of an
elastic body.

Making a paper
sundial

30 min

easy

Making a garden
paper sundial

12 hours

medium

Name of the
task

Equipment and materials

Aim of the activity

from 8 years scissors, glue, appendix Understanding of
old
with the sundial cut-out the principle of
template
sundials functioning,
realization of
irregularities in the
sun‘s movement across
the sky
from 8 years wooden or metal rod,
old
protractor, rocks or
pegs for marking the
dial, correction table
from the sundial cut-out
template

Understanding of
the principle of
sundials functioning,
realization of
irregularities in the
sun‘s movement across
the sky
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Estimated
duration
(min)

Difficulty

Making
a dynamometer
for measuring
the tension force

30 min

medium

Making
a dynamometer
for measuring
the press.

20 min

easy

Name of the
task

Age group

Equipment and materials

Aim of the activity

from 9 years rubber hose, clamp,
Understanding
old
table, a sheet of paper,
of the principle
pencil, (hanging weight) of functioning of
a dynamometer,
realization of
frictional surface
from 9 years A PET bottle, matches,
old
water, scissors

Realization of the
change of the body
weight by changing its
composition.

Volume
Task 1: M
 easure the volume of liquid, powdered and solid
substances with a graduated cylinder made of a PET bottle.
Cut the neck of a transparent PET bottle. Gradually fill it with the water of a known volume (e.g. 100 ml) and record the height of the level (Fig. 4).
Measure the volume:
1. 500g of water
2. 500 g of sand
3. 500 g iron weight
4. wooden prism weighing 500 g

1l
900 ml
800 ml
700 ml
600 ml
500 ml
400 ml
300 ml
200 ml
100 ml

Pic 7: a PET graduated cylinder
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Task 2: M
 easure the volume of the lungs by so-called
spirometer made from a PET bottle.
Make a 5 litre graduated cylinder from the jerry can. Fill the spirometer with water, close
it and place it in the washbasin so that the neck is under water. Uncoil the spirometer and
insert the hose into the neck (Fig. 5). By exhaling the air into the tubing, you will find the
volume of your lungs.
1l
2l
3l
4l
5l

Pic 8: A spirometer made from a plastic jerry can.

Weight
Task 1: Make a scale from a ruler.
Attach a string with a bowl to the end of a ruler (you can make the bowl for example from
a cardboard), and fix the other end of the ruler to the table by the clamp. Place a sheet of
paper vertically so that you can plot the scale (Fig. 6). Place weights of known weights on
the weighing bowl and record the deviation of the ruler with the numerical weight on the
paper. Determine the weight of various items on the constructed scale. Check the accuracy of the measured values with digital scales.
0g
100 g
200 g
300 g
400 g

Pic 9: A scale made of a ruler.
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Questions:
• What makes the range of the constructed scale? (The maximum weight is given by the
ruler‘s strength.)
• How can we increase the scale sensitivity? (We can increase the sensitivity by using
a longer ruler.)
• How can we increase the scale range? (We increase the range by shortening the ruler or
by placing two or more rulers on each other.)

Čas
Task 1: Make a paper sundial
Use the template from the attachment to make the sundial. Carefully cut out the clock,
glue it and place it on a horizontal surface in a sunny place. Wait for your watch to show
the whole hour. Rotate the sundial so that it shows the same time when the date correction
is counted.

Task 2: Make a paper sundial in the garden.
This task is very time-consuming; you need to record time all day. Choose a place that is
enlightened by the sun throughout the day. Turn the rod into the ground so that it points to
the north and the ground is griped by an angle of 50°. Draw the position of the pointer shadow every hour. Note, however, that the sundial is preceded by the current date or delayed
by a few minutes. Record every hour at a time when your watch does not show the whole
hour, but it is just a few minutes more (or less).

Force
Task 1: Make a dynamometer for measuring the tension force
Tie a rubber (so-called food) hose approximately 3 meters long with one end to a strong
object (for example, to a radiator). On the other end of the hose, you can tie a short rod as
a handle. Draw a mark on the hose roughly in the middle. Place a table with a large sheet
of paper to draw a scale on or record the performances of individual pupils under the hose
at the point of the mark (Fig. 7). Now you can organise a competition in who applies the
greatest tension force. The friction force between the floor and the shoes limits this force.
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You can measure the differences in the tension strength of a barefooted and a pupil with
his/her shoes on, on a dry and wet floor, on a different surface, or on a tension force if the
pupil can be propped against a fixed stop.

Pic 10: Measuring of the tension force with a rubber hose

Task 2: Make a dynamometer for measuring the press.
Fill the PET bottle with water to the brim, add a few cut-off match heads (with a shank
length of approx. 1 mm) and close the bottle. The more bottle you press, the more matches
will sink. This press force measurement device operates on the principle of changing the
density of a match caused by water pushed into its stick. Primary school pupils do not
know the term “density“, so we say: „We push a little water into the stick of the match, and
thus we increase the weight of the match.“
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OBJECTS CAN AFFECT OTHER
OBJECTS AT A DISTANCE
1. INTRODUCTION
1.1 Characteristic of the idea
Harlen (Harlen, ed., 2015) characterizes this idea as follows: All objects have an effect on
other objects without being in contact with them. In some cases the effect travels out from
the source to the receiver in the form of radiation (e.g. visible light). In other cases action
at a distance is explained in terms of the existence of a field of influence between objects,
such as a magnetic, electric or gravitational field. Gravity is a universal force of attraction
between all objects however large or small, keeping the planets in orbit round the Sun and
causing terrestrial objects to fall towards the center of the Earth.

1.2 Suggested level of preconception development for primary level
In the younger school age (7-11 year olds), which corresponds to primary science education, (according to Harlen‘s concept of developing Big Ideas of Science), pupils should
already understand that objects can have an effect on other objects even when they are not
in contact with them. For instance, light, both from close sources such as light bulbs or
flames and from the Sun and other stars very long distances away, is seen because it affects
the objects it reaches, including our eyes. These sources give out light, which travels from
them in various directions and is detected when it reaches and enters our eyes. Objects
that are seen either give out or reflect light that human eyes can detect. Sound comes from
things that vibrate and can be detected at a distance from the source because the air or
other material around is made to vibrate. Sounds are heard when the vibrations in the air
enter our ears. Other examples of objects affecting other objects without touching them
are the interactions between magnets or electric charges and the effect of gravity that makes things falls to the Earth.

Scientific content in key words:
magnetism
gravitation
electricity
light
sound
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2. SCIENTIFIC BACKGROUND FOR TEACHERS
2.1 Magnetism
Mineral magnetite and its magnetic properties have been discovered and used already Magnetic
in the ancient Rome, even in ancient China. The magnet has become a very important
commercial gadgets, mainly because of its ability to navigate the floating pad in the northsouth direction. After discovering this characteristic of the magnet, sailors no longer have
to rely solely on the stars and lighthouses on the coast; The direction of the voyage was determined by the map and the compass, which was determined by the north-south direction
of the magnetite.
The magnetite is a magnetized iron ore. However, not all iron ore on Earth is magnetized.
The emergence of magnetic properties of iron ore scientists explain in several theories. The
preferred explanation is that the magnet was created by gradually strengthening the layers
containing the iron through a heavy body. When the magnetite cooled was heavily influenced by the Earth‘s magnetic field or it could have been struck by tiny lightning blades.
If the magma containing the iron was cooled quickly, it would not be influenced by the
Earth‘s magnetic field and the iron ore was formed without magnetic properties.
In the sand and in the soil it is possible to find a relatively large amount of trace fragments of magnetite. These fragments can be observed by means of an iron object (or even
a magnet) which will attract fragments of magnetic properties. To find a larger fragment
of magnetite is rather rare, however, magnets can be produced.
Iron and steel items can obtain temporary magnetism by friction using a permanent
magnet. Thin, small, iron items (such as nails, pins) lose magnetism already in a few minutes. Steel objects will keep magnetism longer. Even the steel loses magnetism more slowly,
it is more difficult to create it – there is a need for longer friction of the object by a magnet
to obtain magnetic properties. When creating magnetic properties you need to be careful
that one stroke was completed and the magnet was lifted from the end of the nail until we
start another move from the header of the nail. After a few minutes after the magnet has
been created, its intensity of the magnetic field begins to fade visibly. It drops equally fast
no matter how many times we have magnetized it. The second way to make a magnet is to
leave objects that are magnetically attracted close to it for a long time.

Magnetizmus
pri zeleznych
a ocelovych
predmetoch

Industrial magnets are usually made of steel and are magnetized by electric shock. The- Priemyselne
refore, magnetic properties can also be obtained through the operation of electric current. magnety
We wrap the wire around the wedge and connect it to the electrical circuit. Immediately
after the electrical circuit is plugged, the nail gets magnetic properties. Such a magnet we
call an electromagnet. The intensity of the magnetic field generated depends on the size
of the electrical current transmitted by the wire. By thickened the wire around the wedge
we achieve a better effect even at low levels passing through the electric current. By disconnecting the electric current, the iron nail loses magnetic properties. The principle of the
formation of Electromagnet consists in the fact that any wire that crosses the electrical
current creates a magnetic field in its surroundings.
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Magnetické
pole Zeme

Magnetic properties in the compass can be used because Earth behaves like a large magnet. The reason for the existence of the Earth‘s magnetic field is explained by several
hypotheses. One of these explanations tells you that while some parts inside the earth are
moving slower, others are moving faster. The friction of these parts will emit electrical
particles and the effect of electric current is generated by a magnetic field. Since the
Earth‘s core consists primarily of iron and nickel (magnetic materials), a very large magnet
is created (the magnetic field is created around the earth). The maps are adjusted for orientation by magnet, the classical map shows the space so that its perpendicular direction
represents the north-south direction. Some maps may have a different orientation, they
usually also contain a direction rose, by which the northern direction on the map can be
identified. Since the North Geographic Pole is about 1,600 km from the North Magnetic
Pole, and the South Geographic is about 2400 km away from the Magnetic Pole, it is possible to navigate with high precision with the help of a compass

Teorie
magnetických
domén

Although the magnetic properties of some metals have been used for centuries, science
has not yet fully explained this phenomenon. It is interesting to note the fact that a magnet
can be divided into smaller parts, with each section having its north and south pole. These
properties are explainedby the theory of magnetic domains. According to this theory,
magnets consist of a large number of small clusters of atoms, called domains. It is possible to identify the north and south magnetic poles within one cluster. These clusters
are stored randomly, unordered in the material. However, if we start to rub the object in
one direction, the domains start to be arranged in one direction and a magnet is created.
The heating of the magnet causes an increase in the motion of the atoms and thus the ordered parts can be dispersed (thereby losing the magnetic property). Similarly, a magnet
may lose its magnetic properties by banging it against a hard surface.
Magnets attract only metal objects, but not all of them. In addition to iron, they also
attract cobalt and nickel. The other metals are not attracted by the magnet. For example,
stainless steel does not attract a magnet. A visual distinction between metals attracted by
magnets and those not attracted by a magnet is often not possible. Metals can be treated
with an anti-corrosion coating of another metal. Cans are usually made of steel (attracted
by a magnet) and are coated with an anti-corrosion surface that is not attracted by the
magnet itself. Most pins are made of steel and can be picked up with a magnet, but some
(even if they look the same) can be made of stainless steel or brass, which means they are
not attracted by the magnet. The same goes for keys, spoons, or small fasteners (nails,
screws, nuts, etc.).

Magnetické pole
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Magnetic properties only appear at a specific distance from the magnet, we say there is
a magnetic field around the magnet.The magnetic field may be of varying intensity,
equivalent to attracting objects from a greater or lesser distance. Although we cannot
see the magnetic field, it can be observed mediated, for example, with iron scobs. Most
scobsis collected around magnetic poles. Scobsis arranged in specific lines that follow the
so-called field lines – direction of action of magnetic force. Although the scobsare not
arranged at some distance from the magnet, this does not mean that the magnetic field
does not work here. It is only very weak to move the iron scobs. At some distance from the
magnet, the field is so weak that we cannot detect it – it is virtually non-existent. Different
magnets have a magnetic field extending at different distances (acting on objects and
other magnets at different distances). In addition to this, the magnets also vary in magnetic field strength. This is manifested, for example, by the fact that magnets with a high
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magnetic field strength maintain a greater weight of iron objects. The magnitude and
intensity of the magnetic field of the magnet are two different properties. This means
that the magnet can be small (attracting objects from a small distance) but very intensely
(retaining a large number of iron objects). The magnetic field also acts through obstacles
and the magnetic field itself cannot be reduced or weakened. This means that if an obstacle is inserted between the magnet and the object attracted by the magnet, the magnet
will attract the object if it is within its magnetic field.

2.2 Gravitation
Unlike magnetic force, gravitational forces are always attractive and exist between all
objects, object to all matter without exception, even light. The force of gravity affects
objects and materials constantly. For example, if a parachutist board a plane that takes it
up and jumps out of it, the effect of gravity is particularly visible when jumping off a plain,
but it works at any moment. Gravitational forces do not depend on the characteristics
of the environment, similarly to the magnetic effect, nor can they „diminish“ or „obscure“
their effects by obstacles. For example, gravitational forces cause Earth‘s attractiveness
and other cosmic bodies, keeping planets in orbits around the Sun; Moon and satellite
in orbit around Earth.
The first to investigate gravitational forces was Isaac Newton. The force causing body to Newton
fall vertically to Earth is identical to the force that causes the planets to orbit around a gravitácia
the Sun, and the Moon around the Earth. Based on this idea and other calculations in
which Newton used the well-known Kepler equation, the wording of the so-called The
Newton´s gravitational law, according to which two bodies are mutually attracted by
force (gravitational), which is the greater, the greater the component weight of both bodies (directly proportional to the weight of both bodies) and the greater, the smaller the
distance between them (Indirectly proportional to the mutual distance of two bodies).
For example, the Earth and the Moon act more intensely than the Earth, and eg. Jupiter
because Earth and the Moon are closer together. In addition, the Earth is more attractive
because it is heavier than the Moon, for example, by comparing the effects of gravity on
Earth and the Moon, on the Moon, astronauts are attracted to the surface by much less
attractive power compared to Earth.
The bodies do not have to touch the gravity force at a distance-the gravity field is located
around each material body. Gravity is also the so-called far reaching, which means that
the two tangible objects on each other gravitatively operate, whether they are arbitrarily far away. The size of this force, although the distance decreases, but also the two objects
on the „opposite sides of the universe“ to each other at least the minimum gravitationally.
We do not feel the gravity itself, we perceive it before we want to overcome it, for example,
by jumping, flying, stopping the fall.
The free fall is a movement in which the body is released from a certain height above Voľný pád
the earth‘s surface. The free fall rate of the body does not depend on its weight. This means
that bodies of different masses running from the same height should fall to the ground at
the same time as the acceleration of these bodies by the force of gravity is not dependent on
the mass of the bodies. However, the atmosphere has a significant effect on falling objects,
so it is only possible to observe the same acceleration when two bodies of different masses
are dropped in a vacuum environment.
51

I – S.K.Y.P.E. Methodical Handbook for Teachers
2. Objects can affect other objects at a distance

The idea that heavier bodies fall to the ground is more of a relatively old Aristotelian
perception of gravitational forces. This perception has been overcome by the experiments conducted by Galileo Galilei. Examining the motion of their bodies triggered from
Pisa‘s oblique tower proved that the speed of bodies falling freely does not depend on their
weight. His research question was: If a person from the tower drops 10 and a 5-pound ball
at the same time, which first falls to the ground? Will gravity act more on a 10-pound ball?
Even after repeated observations, both balls hit the ground almost at the same time.
It is important to note that the size and shape of objects can also affect the rate of fall if
the observation is carried out under natural conditions in the presence of the atmosphere (air). Air resistance significantly slows the fall of objects. For example, if we take two
equally sized pieces of paper and one of them shrinks into a ball and drop it out of the same
height at once, the paper ball will definitely fall. However, not because the Earth‘s gravity has
a different force on these two objects, but for the air resistance that is ubiquitous. If there
was no air around us, all objects would fall at the same speed. However, the air is hampered by the fall of objects, and the more the surface of the object is. The parachute works on
this principle. Although the gravitational force attracts the parachute to the ground, the air
accumulates beneath the dome of the parachute, slowing it down and slowing down its fall.
In many cases, observing the fall of objects in natural conditions, it is even necessary to
take into account the wind, for example in the case of the procedure used by Galileo Galilei to disprove Aristotle‘s thesis on the different effects of the Earth‘s attractive force on
various heavy objects.
Hmotnosť,
hmota a tiaž

When accurately grasping the effects of gravity on objects and materials, it is important to
realize the difference between weight, mass and gravity.While mass represents the amount
of substance that the materials and objects are made up of, the weight is essentially the
result of an attractive gravitational force on the mass and is expressed in grams. Gravity is
the pressure force by which the body located in the gravitational field acts on the pad and
is expressed in Newtons units. The body is gravitated if it is in a state of equilibrium between
two forces, the gravity pushing down and the opposite force acting from the Earth, pushing
upwards (e.g., the centrifugal force caused by the rotation of the Earth around its axis)
The mass of our body does not change if we travel from the planet to the planet, but our
weight will depend on what attractive force on our body will act on that planet. The weight
also varies. So, for example, the Moon is smaller compared to Earth (it has less mass), so it
has less gravitational force on the environment, so objects weigh less on it than on Earth.
Despite the lesser gravitational effect it is still possible to perceive the influence of the
Moon‘s gravitational force on Earth.

Pôsobenie
gravitačnej sily
Mesiaca na príliv
a odliv

If we observe astronauts float in their spacecraft while orbiting Earth, we have no doubt that
they are in a weightless state (or the gravity is minimal, never completely zero). But they
are not in a state of no force because the spacecraft is moving in the Earth‘s gravitational
field. For the usual orbits, the intensity of the gravitational field is almost the same as on the
Earth‘s surface, but the effect of the Earth‘s centrifugal force caused by its rotation is diminishing.
The effect of the Moon‘s gravitational force on Earth is the easiest to observe on the tide.
The tides are increasing and decreasing the water levels of the seas and oceans that we
observe on their shores. Finally, it is important to note that there is no established scientific theory about what causes gravitational force to exist.
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2.3 Electricity
Electricity is a form of energy, that manifests either as static electricity at a certain point Statická
or as an electric current that passes material from one place to another.
elektrina
Static electricity arises, for example, when you rub one thing against the other. For
example, if you rub the balloon on your hair, the hair will then be attracted to the balloon. This is because the friction arises on both surfaces with the opposite electrical charge
(a small amount of electricity), which is reflected by the heavier balloon attracting lighter
hair, if we keep the balloon in hand.
A similar phenomenon can be observed if we walk the nylon carpet. While walking, we
rub feet against the carpet, our body is gradually charging an electric charge and if we
touch, for example, metallic door handle, we feel „kicking“, which is a sense of electrical
discharge, in which the electrical charge collected is discharged by ground. If we touch the
door handle in the dark, we can even see the discharge in the form of a tiny „lightning“
that jumps between the hand and the handle before touching it. This means that static
electricity is also manifested remotely.
Flashes observed during the storm in the sky are also a manifestation of static electri- Blesky
city. The clouds (condensed water in the atmosphere) move through the air, rubbing the
surrounding air and charging the electric charge. When the electrical charge obtained is
large enough, it jumps to the Earth in the form of lightning. Sufficiently sensitive people
even feel in the air sort of gentle shaking, or ticking if the storm is nearby. Electric lightning
discharges have enormous dimensions, which is a manifestation of the enormous amount
of electrical energy accumulated, as well as a sign of the enormous distance the electric
charge is causing.
Electricity is caused by electrons. Electrons are particles of the atom that „circle „ at the Elektrina
edges of the atoms from which all materials are formed. Each electron carries a negative
charge. The atoms themselves usually have a balanced number of positive charges (in the
nucleus of the atom) and negative charges (in the atom shell), they are electrically neutral,
have no electrical charge. Substances, such as the rubber from which the balloon is made,
consist of molecules and those of individual atoms. Since atoms do not have an electrical
charge, molecules that are made up of atoms do not have them, so the substance itself, in
our case the rubber from which the balloon is made, does not have an electric charge.
But if we start rubbing a balloon against another material back and forth, the electric charge begins to form. By pushing and pulling our hands, some electrons are released from the
surface of the balloon and attached to the surface of the material, for example hair. This
will make the balloon itself miss the electrons and become positively charged (gaining
a small positive electric charge). On the contrary, our hair contains more electrons than
usually and thus gain a small negative electric charge. As the positive and negative electric
charges (like the opposite magnetic poles) attract each other, the balloon attracts hair to
itself. This attractive force operates at a certain distance.
To create electric charges it is not enough just to rub two objects against each other,
more important is to rub two different materials. By rubbing two different materials
against each other, an electric charge arises due to a phenomenon called triboelectric
(or triboelectric effect).
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As already mentioned, all substances are composed of neutral atoms. Different substances
are composed of different molecules, which are formed by different but always neutral
atoms. In molecules of different substances, the electrons of the individual atoms are
attracted by a great deal of force, depending on what chemical bonds are present in
the individual molecules between the atoms. Thus, when rubbing two materials against
each other, electrons that are weaker bounded in one substance may become loose and
pass into the surface of the other substance in which the electrons are attracted more
strongly. As a result, one material is charged positively (the one that loses the electrons)
and the other is negatively (one that receives the electrons). This electrifies the materials
and creates static electricity. Longer friction of materials increases the number of atoms
involved in this electron transfer, increases the electric charge of the rubbed materials and
thus increases the generated static electricity.
(kladný náboj)
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Human body
Glass
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(záporný náboj)

Pic 11: Tribolelektrický rad

As a result, the positive charging is typical for some materials and the negative charge
for others. NAlso, how much electric charge we get depends on the rubbed material – some
substances are electrified more and other less when the same friction occurs. Based on this
knowledge, it is possible to arrange the materials according to the „charge ability“ during the
friction. This kind of substance arrangement is called triboelectric series (on the picture).
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It is important to note that this currently accepted explanation for the emergence of static
electricity was disrupted by a series of researches in 2011 where scientists found that static electricity is not just a simple electron exchange from one substance to another, but
a chemical reaction that takes place at touching two surfaces. The starting point for their
exploration and returning to the theory of static electricity was the fact that static electricity
can also be generated by contacting the same two materials, and even enough to touch (lie
on) for some time without rubbing. However, the new explanation has not yet been specified in a compact theory that would replace the currently accepted one we have stated. This
implies an important feature of scientific theories – they are not final, are object to constant
scrutiny and the development of the means of science is continually being improved.
Even though static electricity seems to be quite unrecoverable compared to electric current, Využitie
man uses it in different devices. On the principle of static electricity, for example, laser statickej
printers and copes work. Static electricity is transmitted by toner particles from the cylin- elektriny
der to the paper. Herbicide atomizers work on the principle of static electricity to ensure
that herbicides reach the entire surface of the leaves of plants that need to be discarded.
Also, automatic coloring and painting robots in car production factories use static electricity to make the droplets of paint and varnish only on car bodywork and not on other devices
around. Static electricity is often used in various air filters to remove small impurities from
the air.
On the other hand, static electricity can also cause serious problems, such as working with
small electronic components. Knowledge of the principle of the emergence and demise of
static electricity helps engineers design antistatic solutions in places where static electricity is undesirable.
In addition to static electricity we also know electricity in the form of electric current. Elektrický
When a substance electrons move from one place to another, we say that it flows th- prúd
rough an electric current. In this case, electrons are carriers of electrical power.
To understand the difference between static electricity and electric current, it is good to
know the difference between potential and kinetic energy. Simply, potential energy represents energy that is in some way stored for its later use. For example, a car standing
on the hill has potential energy because it has the potential (option) to roll down the hill.
By moving downwards the hill, its potential energy is transformed into a kinetic (energy
that the object has as it moves).
Static electricity and electric current can be compared to potential and kinetic energy.
When static electricity arises, it has the potential to manifest itself in the future. The electricity stored in the battery represents potential energy. The energy stored in the battery
can be used for example for lighting the bulb in a torch. When you turn on the torch,
the battery inside will provide the power to the bulb and turn it into light energy (that is,
battery power is consumed – it turns into light). As long as the flashlight is turned on, the
battery will provide the light bulb with power until the moment when the electrical energy
stored in the battery is not spent.
To produce electric current, we need to create an electrical circuit. The electrical circuit Elektrický
must be closed, with electrical appliances being connected to the energy source (battery) obvod
with the appliance (for example, a light bulb in a torch) using conductive cables. The electrical current flows only when the circuit is closed – the cable (driver) connects the battery
with the bulb and back the bulb with the battery. The closure of the electrical circuit must
also be ensured within appliances such as bulbs. The light bulb shows how one wire enters
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the bulb (No. 8) and the other one exits it (No. 11). If we connect the bulb with wires to the
power supply (battery) only by connecting a metal thread (No. 9) into which only one part
of the circuit (No. 8) opens within the bulb, the electric circuit will not be closed because the
other end of the circuit within the bulb (No. 11) remains open and the bulb does not light up.
1
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3
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9

7
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11

10

Pic 12: Elektrický obvod

From the practical point of view, the switch is added to the electrical circuits. It is a device
by which we break the electrical circuit. When the electrical circuit is interrupted, the
electric current stops flowing and the bulb does not light.
Vodiče
a izolanty

Materials that conduct electrical current are called conductors. Those that do not conduct electric current are called electrical insulators. The best electric current conductors
are metals (gold, silver, copper, aluminum, nickel, iron, etc.). All metals conduct electric
current. Graphite (pencil lead), human body, salt water (but also other aqueous solutions)
and other substances also conduct electric current. Electrical insulators (non-conductors)
include, for example, rubber, various plastics, wood, paper, wax, glass and porcelain, and
others. Since the electric current is the electron current, this phenomenon can only be
observed in materials whose structure allows the free movement of electrons. Therefore,
metals are the best electric current conductors. This materials are called materials of high
conductivity.

Elektromagnet

Electrical and magnetic phenomena are linked together. For example, we meet with the use
of the so-called electromagnets. An electromagnet is a steel whose magnetic property can
be switched on or off by electric current. They are used for example on boneyards. If we
want to lift the car, we approach the electromagnet, we turn the electric current and the electromagnet will attract the wreck. We transfer it to the desired location and when the electric
current is switched off, the magnetic property is lost and the electromagnet is separated from
the wreck. Electromagnets operate on the fact that the electrical conductors in the vicinity
of the electric power are generated by a magnetic field. This can be seen, for example, by
placing a compass nearby any electrical cable, and when turning the electric current in the
cable, the compass‘s needle is deflected. The magnetic field arises as a result of the change
in electrical current. Electric motors are also working on this principle. An electric motor
is a device that changes electrical energy to mechanical energy. The electrical power of the
engine and the motor moves the whole mechanism to which the engine is connected.
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The electric motor consists of a cylinder in which magnets are located at its edge. There Elektrický
is a steel core in the center of the cylinder, which is multiplied by an electric cable (for motor
example, copper wire). When the power is released into the cable, the steel core becomes
magnetized due to the presence of a magnetic field generated by the current flowing through the cable. The magnets that are located at the edge of the cylinder cause the electromagnet (steel core) to be attracted and repelled in the center, thereby rotating the steel core
of the engine, as well as other components of the device attached to the engine.
When we can create a magnet by means of electricity, we can also generate electricity Dynamo
through magnetism. Dynamo is a device similar to an electric motor. When we rotate
the pedals on a bicycle, the dynamo that is pinned on the wheel axis also rotates. Inside
the dynamo there is a steel core, which, like the electromagnets, is wrapped with multiple
electric cables. The steel core moves between the magnets, creating an electric current, and
we can, for example, light up the bicycle light. Similarly, electricity generation in power
plants also works, the only difference is in the energy we use to spin the steel core in dynamo. It may be, for example, wind or water, which rotates the core of the electric generator
(dynamo), but also water vapor. In principle, almost all power plants produce electricity in
the same way. Solar power plants are an exception. When the light falls on a solar cell, the
material from which it is made (silicone) captures the energy of the world and transforms
it directly into electrical energy. Since energy leaks are minimal in such devices, solar cells
are considered to be highly efficient compared to electrical generators.

2.4 Light
Light is electromagnetic radiation. . In addition to visible light, electromagnetic radiation also includes gamma radiation, x-ray radiation, ultraviolet radiation, infrared radiation, microwave radiation and radio radiation. Individual types of radiation differ from
each other by the wavelength (see figure).
Wavelenght (meters)
Radio
waves
103

Microwaves
10−2

Infrared
10−5

Visible Light
.5 × 10−6

Ultra Violet
10−8

X-rays
10−10

Gamma
10−12

Pic 13: Dĺžka vĺn

It is interesting to note that, for example, radio waves have a wavelength that can be compa- Rádiové vlny
red to large buildings and can reach one kilometer in length. In radio waves, we distinguish
between smaller and larger wavelengths, which we know from ordinary life, such as long,
medium, short, very short waves (VHF, or Very High Frequency VHF) and ultra-short waves (Ultra High Frequency UHF). Very short radio waves have much smaller wavelengths
than long radio waves, but only in comparison to the macro-wave (from kilometers to centimeters). For example, in comparison with light radiation, the difference between long and
very short radio waves is negligible. It is also interesting to note that microwave radiation,
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such as that used in microwave ovens, has wave sizes in several millimeters (0.01m) and
therefore does not affect materials at the molecular level.
Like radio waves, light rays consist of waves of varying wavelengths, with the human
eye perceiving the light spectrum of a certain wavelength as a certain color of light:

Pic 14: Žiarenie svetelného spektra
(Picture source: http://www.giangrandi.ch)
Viditeľné
svetlo

The part of the radiation that one can perceive is called visible light. Some animals are
able to see radiation in other areas of the spectrum, for example, a bee sees ultraviolet light
that one cannot see, and some reptile species can see infrared light, which one cannot see
by his eyes.
All of the light wavelengths together give white light – one perceives it as colorless. Light
can be divided in different ways according to different wavelengths, which one perceives
as a color spectrum (the formation of a rainbow). This means that it can visually find out
what light wavelength is based on what color it manifests. For example, if we cover a glass
that passes all the visible light wavelengths through a red foil, only the wavelength of light
we see as a red light gets behind the glass. At the same time, this means that the film has
the property of capturing the remaining light spectrum colors. If the object appears red, it
means that it only reflects red light, the other parts of the light spectrum are absorbed by
the material. The more light the material absorbs, the more it warms – the light is absorbed
in the materials into heat. The greatest source of light on Earth is the Sun (star of the Solar System). The light from the sun will reach Earth in about 8 minutes. On Earth, light is
absorbed by various materials and transformed into heat.

Svetlo
a tieň
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The light travels through the space in a straight line from the source in all directions, unless
it is directed. If light falls on different materials, it can be absorbed, reflected or refracted. These phenomena give rise to shadows. Light from the source travels straight to the
object. If the object is not translucent, part of the light will be absorbed and part will be reflected. Only the light for which the object is not an obstacle goes beyond the object. Since
the light travels through the space in a straight line, sometimes the same object is for light
and sometimes a smaller obstacle. Therefore, if we shine on an object at a different angle,
the length of the shadow that is created behind the object changes. This phenomenon is
observed during the day and during the year due to the apparent movement of the sun in
the sky.
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Obrázok 15: Svetlo a tieň
(Picture source: http://www.astrolabeproject.com)

All objects create shadows that capture at least part of the light. However, light must
flow around the object, otherwise the shadow is not created. The shadow is therefore the
place behind the object where there is less light than around. Shadows can also be colored
if they are created behind an object that permits part of the light and is also colored. Light
can vary in intensity. Some light sources provide very little light, others emit very intense
light. The more light sources shine on a certain space, the more intense the light in the
space is. For this reason, we can see lighter and darker shadows.
One sees objects because light reflects of them. Since the light travels in a straight line , Odraz
we cannot see objects that are behind the corner. We can only see an object on which the svetla
light is falling, and at the same time the light is reflected in our eye. As all objects on Earth
reflect at least part of the light, they are visible to us. If the object were to absorb all the
light, it would be invisible to the human eye. Invisible things become objects in the absence of light – in the dark. Even animals that are adapted to the nightlife and use sight for
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orientation in the environment cannot see anything in the complete absence of light (for
example, a cat). However, with low light intensity, these animals can also see objects that no
one can see. That is why we are talking about man as an animal adapted to the daily way of
life. For this reason, man has a natural respect for darkness from birth.
By reflecting light, it is possible to change the direction of its journey. Reflection of light
from objects has its patterns. The angle at which the light falls on the object is reflected at
the same angle. In the mirror we see ourselves because it reflects a very large amount of
light due to its smooth surface. For example, we can see your reflection in a flat aluminum
foil. However, if we shrug it, the image is lost. It also works when you see your reflection
on the water surface. While the water level is peaceful, we see our reflection. When the
water level is clearing, the image is lost.
Na rovnej ploche
(zrkadlo)

α

Na drsnej ploche
rozptyl (stena)

α΄

α = α΄

Obrázok 16: Odraz svetla
Šírenie svetla

Light travels through vacuum, translucent and transparent materials. Light travels in
the vacuum the fastest. It travels differently in different materials. When light passes from
one material to another, it breaks at its interface. This phenomenon can be observed,
for example, when light passes from air to water. Light spreads through the air faster than
water or glass. When the light beam comes out of the air into the water, the light spreads
below the water more slowly than above the water and we say the light beam breaks. Because of this phenomenon, one perceives objects that he observes from the air in the water in
a different position than they actually are (see pictures).
Pozorovateľ

vzduch
zdanlivá
pozícia
ryby

voda

skutočná pozícia ryby

Obrázok 17: Šírenie svetla
(Picture source: https://physics.stackexchange.com)
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If we want to catch a coin from the bottom of a container, for example, we cannot precisely
determine its location because the light that indicates its position breaks at the water-air
interface. However, if we dip our eyes in water, we can locate the coin exactly. Although
the light is spreading at different speeds in the water, it is still straightforward.

2.5 Sound
Sound is a form of energy created by the vibration of matter. When the material is
vibrating, this shake is transferred to the materials in the vicinity, for example air. Consequently, the sound is produced by the movement of the material. If the vibrating air
particles hit the human hearing organ, the vibration is perceived as sound. By transferring
the vibration of particles to other material particles, the vibration energy is gradually lost.
The sound goes down completely (when the vibrating energy is no longer sufficient to vibrate other surrounding particles). The gradual transmission and attenuation of the sound
can be compared to the propagation of waves in the water after the stone has been thrown
to a calm water surface. If the particles of the material oscillate quickly, one can perceive
the emerging vibrations as high frequency sound (high tones). If the particles oscillate
slower, the sound intensity is weaker (low tones). Another sound feature is the volume. We
measure that in decibels. Human whisper is about 15-20 decibels. Sound that is over 85
decibels regularly can damage our hearing. Ear pain is felt at 130 decibels, and such sound
can damage the hearing mechanically acutely so that the auditory organ stops working.
Unlike light, sound is transmitted only through materials. Since the transmission of Prenos
sound means the transmission of particle oscillations to other particles that are close to zvuku
those oscillating, the sound is transmitted better by materials in which the particles are
placed closer together. This means that the sound is better transmitted by solid than
liquid and better liquid than gaseous substances. For example, while in the dry air the
sound is spreading at 343 meters in one second, in the same time the sound goes up to
1482 meters and in the steel 4512 meters. It also follows that no sound is transmitted in
the space in which no material (mass) is (in vacuum).

Pic 18: Vnímanie zvuku

Since sound is in principle a vibration of material, it can also be perceived by touch. A healthy person has a hearing organ developed to perceive sounds. The auditory organ was developed to detect the movement of various materials and organisms in the environment. Movement creates a sound that gets into the ears of a person and then, based on experience, one
can evaluate what a particular sound has caused and respond accordingly. People with hearing
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impairments rely more on other senses, and they usually sound better by touch. If we put our
hand on the throat and talk, we feel the sound in the form of vibration on the palm of the hand.
Sluchové Man has auditory organs developed appropriately for his way of life. Since he is not
orgány a frequent prey to other animal species and at the same time is not dependent on prey hunting (it can use different tools for hunting), it does not have as developed auditory organs
as other animal species. Typical signs of animals that can also perceive sounds that are no
longer audible for man are, for example, various predatory animals such as fox or wolf,
but also various prey, such as doe or hare. Usually, these animals have larger earplugs that
ensure that sound waves are captured from a larger area and concentrated in the inner ear,
with the earplugs turning to different sides without moving the body.

Pic 19: Sluchové orgány živočíchov

The principle of the operation of the larger ears can be explored by the inverted megaphone, or by simply placing the palms or other (preferably solid) objects to the ear, so that the
sound is „collected“ from the larger area and concentrated in the ear, which is also adapted
to the shape of the ear.
Interesting is also the fact that the ears grow for a whole lifetime. Human hearing is
gradually worn out, and the enlarged ear can provide somewhat better capture of environmental sounds while hearing impairment due to less middle and inner ear functionality.
Sometimes we need the sound in the space to spread well (for example in lecture rooms
or in concert halls) and at other times we need the sound not to be spread (eg in libraries). We are talking about the acoustic qualities of the rooms. Their construction uses
information about materials and their behavior towards sound. Some materials absorb the
sound, especially because the sound oscillates the particles of this material and the more
particles vibrate much more. Sound may be reflected from other materials. In particular,
solid materials.
Echo/ozvena
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We perceive the echo when the material from which the sound is reflected is at a certain
distance, so that the reflected sound is perceived, it does not disappear when reflected
and returned to our ear. If we want to call someone and are quite far away from us, or in
a busy environment, we intuitively put our palms to the mouth and create a funnel to try
to make the sound come. We create a simple megaphone. Certainly, this way of improving
the propagation of sound generated in the vocal cords works. The cause is two different
phenomena. The first is that by creating a funnel, we direct the sound so that it does not
spread from the mouth to all sides, but travels more directly towards the recipient. The
second principle has a greater effect on sound propagation. Whenever the sound spreads
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from a narrower space to a wider area, part of the sound waves are reflected back. The shape
of the funnel will cause these sound waves not to be reflected back, but through the specific
shape of the funnel they will reflect outwards, where we want them to get. The sound from
the vocal cords gets into the mouth and gets out of the mouth by direct contact with the
funnel (palm or megaphone), reflects and directs in the funnel, and goes further without
more energy loss. For a megaphone to work well, it should therefore be as long as the sound
waves that we want to amplify with a megaphone. The human voice has a wavelength of
several tens of centimeters, so megaphones with a length of about 80 cm are suitable for
spreading the voice (the official voice megaphone is 81.28 cm long).

Pic 20: Megafón

3. METODICAL GUIDE FOR TEACHERS
3.1 Working with ideas about magnets and magnetism
The set of tasks is aimed at developing ideas about the effect of magnets on objects at
a distance. Pupils are guided to reflect on what objects the magnets are working on. Part
of the activity is devoted to exploring the distance to which an attractive magnet force
can be identified on objects attracted by a magnet. Pupils detect different properties of the
magnetic field, compare different magnets, but also the behavior of the same magnets from
different sides. Finally, they also investigate the effect of magnets over obstacles, thereby developing the notion that magnetic fields cannot be „shielded“ or weakened by conditions.

Task 1
Materials and tools for a working group:
• white paper sheet, office paper (same size), magnet
The teacher can start the learning situation by placing a clip on a sheet of white paper and
laying it on a table. The task of the pupils is to suggest how it is possible to cause the spine
to move, or that the spine falls to the ground. The goal is for pupils to devise as many ways
as possible to do this. He may also enter this task as a home assignment so that pupils can
already come up with thoughtful procedures. For this reason, the worksheet also shows
the situation for the pupil. It is the first task of the pupils to compare their proposed procedures directly in the classroom. The teacher motivates pupils to make various suggestions
by encouraging them to use different tools, devices, objects, or natural phenomena. In
discussing the proposals, it is the task of the pupils to question the proposed procedures,
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or to refine them, so that only those that seem credible to all remain. Those practices that
can be done in the classroom are tried by the pupils.
If there is no magnet movement between the proposed procedures, the teacher will suggest it, or lead the pupil by suggesting whether or not to use it to make some of the following move (and if so) items: board, fan, water, magnet, cat, light, ball.

Task 2
Materials and tools for a working group:
• paper clips of same size
After presenting the proposed procedures, the teacher compare the proposed procedures.
The goal of this task is for pupils to realize that sometimes we cause the object to move through direct contact and sometimes to act on aobject without contact – only remotely. The
task of the pupils is to think about what causes the spine to move in each of the suggested
procedures. Pupils put in the table in Task 2 the proposed method first and then what
they think caused the movement of the clip. The table gives an example that the teacher
explains to them. Shifting the clasp on the paper with the hand, the clasp moves with the
hand and the movement causes the hand to move, move it. It is the power of a hand, because if we want to move a big object in the same way, it will not work, because we will not
have enough power in our hand. By clarifying the teacher, the teacher gives an example to
the pupils about how he expects to think about the individual procedures.
In order to avoid thinking about the same examples in all groups, either shuffle patterns
will assign them or recommend that they devote themselves to those that have not been
suggested by other groups. The most interesting are the situations in which we move the
paper clip by means of a magnet, by gravitational force (eg by tilting the table or paper)
and by air (drafts, blowing, etc.).

Task 3
Materials and tools for a working group:
• button, coin, key, plastic spoon, magnet
In the third task, the teacher leads the pupils to choose one of the proposed procedures in
the group and to wonder if the method could also be used to move other objects. In Table
3, pupils also have specific objects: a button, a coin, a key and a plastic spoon. Pupils also
need to justify their answer, as the teacher learns how pupils think about this situation. The
pupils present their justifications. One of the analyzed situations will also be the movement
of the paper clip by the magnet. In this situation, the teacher points out to try to question
the reasoning of the pupils whether or not the objects can be moved by a magnet. In this
way, they prepare the situation for further investigation of how the magnets affect objects.
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Finally, the teacher generalizes the facts and emphasizes that sometimes we can influence
the objects without touching them directly. One such case is the action of the magnet on
the closure and suggests that the magnet be examined for the objects.

Task 4
Materials and tools for a working group:
• wooden button, wooden cube, wooden spoon, branch, coin, key, metal spoon, horseshoe, plastic button, plastic comb, plastic spoon, plastic bottle, magnet
The teacher prepares objects according to the table in task 4. It is important to focus on
making sure that wood and plastic articles do not contain any other materials, only wood
and plastic. In the case of metal objects, it is important to ensure that some of the objects are attracted by a magnet (for example, a spoon and a horseshoe) and some are not
(a coin, key). Without this condition, the research objectives of the task cannot be achieved. Objects are intentionally different in weight and shape.
The task of pupils is to find out which objects are attracted by the magnet and which are not.
In the task, the objects are grouped according to the materials intentionally, so that pupils
tend to create generalizing conclusions (we teach them to systematically examine them by
providing a situational example). In the introduction it is important to highlight the research
question: What objects are attracted by the magnet? Consequently, pupils are led to create
predictions. Various heavy objects of various shapes are intentionally mentioned, the apparently common feature being the material from which they are made. In making predictions,
pupils have objects available to consider their different characteristics. Making predictions
takes place in a group, but each pupil has the opportunity to record their own predictions.
This means that pupils are encouraged to discuss and try to agree on predictions by justifying them against classmates, but if they do not convince them, they have the opportunity to
record their own predictions. Subsequently, they use the magnet to verify the predictions.
After verifying the pupils‘ predictions, we lead to an evaluation of what the new have they
found (when the predictions have not been confirmed). At the same time, we lead them to
formulate a generalized conclusion, which should be formulated in the form of an answer to a
research question, whereby pupils should refer to their findings (table data) in their response.
Within the 4 task, the aim is to evaluate the conclusions that only metal objects, but not
all metal objects, are attracted by the magnet. At this stage, the teacher does not create the
conclusion, otherwise it is not possible to develop the ability of inductive cognition. Pupil
rather concludes in terms of what he found himself and how he understood it himself.
Individual groups compare the obtained results. Based on the presentation of the other
groups, they can add further findings to their conclusions. Consequently, the teacher leads
the pupils to reflect on whether all the magnets have behaved in the same way. It is advisable to investigate that when an object has been attracted by one magnet it is attracted by
any other magnet.
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Task 5
Materials and tools for a working group:
• metal objects attracted by magnet from previous task, magnet, gauge (e.g. ruler)

Postup:
The teacher leads the pupils to select those that have been attracted by a magnet from
a group of objects whose behavior towards the magnet has been examined in the previous task. It should be two to three metal objects. First of all they evaluate that they are all
metal. Subsequently, the teacher asks whether they had to attach the magnet to the objects
to see if the objects were attracted by the magnet or not, or just to bring the object closer.
He suggests that the pupils find out if the magnet attracts all of the objects from the same
distance. The research question will be highlighted (will the magnet attract various objects
from the same distance?). He and his pupils discuss how it would be possible to implement precise measurements that we could trust. It is not appropriate if the teacher leads
the pupil in this step to implement the procedure proposed by the teacher himself. Pupils
should perceive the fact that they design their research activities themselves. The teacher
ensures that the final proposed procedure is truly usable and credible. At the same time,
it encourages pupils to repeat the measurement for each object at least four times to make
sure they have not made a mistake in the measurement. They record the results of the measurement in the table in task 5. If the pupils used the same objects and the same magnets
in the same way (the distance from which the magnet attracts the object also depends on
which side we approach the object magnet), they should get the same results. If they used
different magnets, the results can be significantly different.
They compare the results and try to answer questions below the table based on what they
have observed. The purpose of these questions is to highlight the most important similarities and differences that pupils could find out by measuring, and what the differences
might have caused. In this way, the pupil‘s teacher guides them to systematic work with
the acquired data and teaches them to find results in the data that would lead them to the
conclusion of the observation while answering the research question. Therefore, the teacher leads students to draw conclusions in the form of an answer to a research question
based on answers to questions.
It has emerged from the previous investigation that different objects are attracted to the
magnet differently quickly. In the interpretation to which the pupils are guided in questions
under task 5, there is usually an explanation that this is due to what the objects are, or how
rough they are, and how flat they rub against the surface when they are attracted. The magnetic field intensity decreases gradually from the magnet. To attract a heavier object, it must
be closer to the magnet than an object that is light, since it is sufficient for the object to be
in a less intense magnetic field to attract the light object. Pupils observe this phenomenon
as it occurs – heavier objects attract the magnet from a smaller distance than lighter objects.
Despite the fact that such a statement cannot be regarded as correct in terms of knowing
the principles of the operation of the magnetic field, it is consistent with empirical observations and so we accept it in this level of preconcept development.
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Task 6
Materials and tools for a working group:
• various magnets, metal paper clip, ruler
In the following task, pupils will address a research question to determine whether the
same magnet always attracts the same object from the same distance. As with other research tasks, it is important to emphasize the research question: Does the same magnet
always attract the same object from the same distance? Unlike the previous research task,
this is the procedure given in the form of a pre-prepared table in which the pupils are
to complete the results. The discussion of the procedure proceeds with the emphasis on
the practical implementation of the measurement of the distance from which the magnet
attracts the object. For example, it is important to perform all measurements on the same
substrate; the object must always point to the magnet in the same way; the magnet must
always approach the same side and the like.
The task of pupils will be to measure the magnitude of the magnetic field of two different
magnets by a predetermined procedure. The goal of the task is to develop the ability of
pupils to process data into results and subsequently to relevant conclusions (i.e., data
anchored in conclusions). They learn to work appropriately with the identification of the
exception and the rule for repeated measurements, thus clarifying the very importance of
carrying out repeated measurements.
The teacher explains the procedure to the pupils. To position 0 on a ruler placed on a smooth surface (on the bench), attach one of the objects to be used for observation (paper clip,
coin - see table in task 6 in the worksheets for the pupil). They magnetically approach the
object along the ruler and watch when the object is attracted by the magnet. They measure
the distance and write it in the table. The measurements are repeated 4 times for the same
object and the same magnet. Then the measurements are made for the second magnet,
again 4 times. They also make measurements with a coin and another item they choose.
The task for pupils is to review the table and think about what and how to measure so that
they can add data to the spreadsheet. Subsequently, they carry out observations, adding
to the table two other arbitrary objects with which to measure. They must be objects that
are attracted by the magnet. The teacher observes how they progress in the work of the
pupils and, if necessary, warns the pupils in the groups to make observations so that they
can trust the results.
After the measurement is completed, it is the task of the pupils to answer the questions
under the results table. The questions prompt them to identify the rule in the data they
have acquired and guide them to use the data to support their conclusions and other generalizing statements.
The teacher can initiate the results discussion. For example, it invites one group to present
their results, while the task of the other groups is to compare their own research results
with those presented by their classmates and express the similarities and differences found.
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If different results are found, the teacher should endeavor to identify with the pupils the
reason for obtaining other results and thus justify the difference.
During the conclusion making, the teacher draws attention to comparing the data obtained with the same magnet and the same object (repeated measurements). If there is
a big difference between the measured data, the measurements should be repeated and
data that have a very high or very low value from the data set should be excluded and
justified by a measurement error (so-called error acceptance, exceptions). By comparing
the results, pupils should find that for different objects and the same magnet the measured
values are different. However, if one object has a larger magnetic field (attracting objects
from a greater distance), the values measured for the same object are always greater in this
magnitude than the second magnitude (rule recognition, searching for a research question in the data).
The results are often presented in the form of a graphical representation, which in many
cases will better highlight any differences in data. Part of the task is to guide pupils to
create a diagram. To make the task for the pupils manageable, the diagram and the legend
have already been drawn up; their task is only to record the measured data obtained. The
teacher is trying to explain what the diagram shows. Pupils will record the data from four
measurements for one and the other magnet in each line. Subsequently, they compare the
row lengths for one and the other magnets and confirm the generalized observation result,
this time supported by a visualized form of differences between the magnets.

Task 7
Materials and tools for a working group:
• magnet, gauge (eg ruler), metal paper clip
The task is to investigate whether the same magnet will always attract the same object
from the same distance if it is approached by its various sides. Each magnet has two poles
that repel each other. In places where the magnet poles meet, the magnetic field extends to
a minimum distance. It reaches the maximum distance on the sides of the poles, so pupils
should get different results if the same magnet approaches the object from different sides.
The teacher first introduces and highlights the research question and then leads the pupils
to realize the measurement. On the magnet, they mark 4 (or 3, if they are round magnets) with the sides and mark (draw) the side of the magnet with the object. As in previous
tasks, it is important in this task to draw attention to repeated and precise measurements,
so that we can rely on the data obtained to draw conclusions.
After the measurement, the teacher leads the pupils to draw conclusions in the form of
an answer to the research question. It is important to leave it to the pupil to formulate the
conclusion. If it is formulated in terms of acquired data, it is fine even though it may not
be in accordance with the currently accepted scientific idea of the phenomenon.
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Task 8
Materials and tools for a working group:
• 4 same magnets, gauge (eg ruler), metal paper clip
The task is to investigate whether it is possible to reduce or increase the distance from
which a magnet attracts a particular object by attaching the same magnet to the magnet.
Pupils solve a research question: If I attract aobject with two or more magnets attracted to
one another, does it attract the object from the same distance as if we were only attracted
by one magnet?
Since overlapping the magnetic fields of the magnets can cause a partial increase in the
magnetic field intensity, the pupils will observe that the object can be drawn from a greater
distance if it is attracted by two magnets. However, the distance does not increase proportionally to the number of magnets added, since the magnetic field of the last magnet
extends only a certain distance and thus does not even affect the attracted object itself.
After the measurement, the teacher leads the pupils to draw conclusions in the form of
an answer to the research question. It is important to leave it to the pupil to formulate the
conclusion. As in the previous task, it is also necessary to accept the fact that if the conclusion is formulated in terms of the data obtained, it is in order, even though it may not be
in accordance with the currently accepted scientific idea of the phenomenon. At the same
time, the teacher should tend to discuss with children the possible explanations of what
they have observed and found.

Task 9
Materials and tools for a working group:
• worksheets
In the eighth task, pupils found that the distance from which the magnet attracts the object can be partially changed (increased) by adding magnets. The following task addresses
this phenomenon more generally. Teacher leads pupils to solve the research task: Could
the magnet be attracted to the objects in some way to increase or decrease the distance
from which the magnets attract objects?
Teacher guides pupils to a task that is aimed at determining whether magnet attraction
can be influenced to increase or decrease the distance from which the magnet attracts the
object? Pupils are encouraged to discuss in the group, writing the result in the worksheets
in task 9. In addition to answering a given question, it is the task of the pupils to justify
their answer. If the answer is positive, pupils should write a way to change the distance
from which the magnet attracts them. After the discussion in the groups, the teacher invites the pupils to discuss their ideas throughout the class, paying particular attention to
what pupils think about the effect of the magnet on objects through obstacles made of
different materials.
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Task 10
Materials and tools for a working group:
• magnet, metal paper clip, paper, books of different thickness

Postup:
The teacher guides the pupils to make predictions about whether the magnet acts on objects
(such as office staples) and over obstacles. Pupils discuss in groups and record the predictions of the discussion in the table in the 10th task. In addition to the three items entered
(paper, book, door), it is their task to supplement the other three objects and express them.
Upon completion of the predictions, the teacher will provide the pupils with material for
verification. He gives books of varying thickness to the pupils so that the pupils find that
the draw depends mainly on the thickness of the object (i.e. the distance between the object and the magnet). Write the observation results in a table.
Teacher encourages pupils to compare predictions and observation results (verifications).
The conclusions of the comparison are entered in the worksheets in the task. The answer
should also be the answer to the research question, what the pupil‘s teacher points out
and repeats the research question (The aim of the research was to find out if the magnets
act on the objects and the obstacles). Pupils briefly present their findings and compare
whether they have reached the same conclusions. If pupils disagree in some conclusions,
the teacher leads the pupils to discuss why the results are different. The conclusions of
the comparison between the groups (or the observations of the presentations of the other
groups) are added to the conclusions in the task.
The teacher emphasizes that magnet attraction does not depend on the thickness of the object, but on the distance between the object and the magnet. They make sure that the pupils
have reached the conclusion, or lead the children to first determine from what distance the
magnet can attract the object and compare this distance to the thickness of the object they
used to test the interference of the magnetism. If the thickness of the material is greater than
the distance from which the magnet attracts objects, it should be noted that the obstacle
(the object itself) did not cause the object to be tightened, i.e., the object, i.e., the object. the
magnetic field strength of the magnet was not affected by the material; the non-tightening
was caused by too much distance between the magnet and the attracted object.

Task 11
Materials and tools for a working group:
• magnet, gauge (eg ruler), metal paper clip
The teacher points out that the pupils have discovered that the magnets are acting through
obstacles, but they have probably not yet determined whether the obstacle weakens the effect
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of the magnet on objects. This sets another research task. The teacher guides the pupil to the
design of a procedure to see if the object is attracted otherwise (weaker, more distant) than
the obstacle. The teacher guides the pupils to use all the information and experience they
have worked on in the past. Upon completion of the proposals, it will provide pupils with
the tools and pupils will implement their design and record the results of the examination.
Teachers can end up working on the object of magnetism by encouraging pupils to create
a poster in which they should write everything they have learned about magnetism after
carrying out all the research activities. Posters are presented to each other.

3.2 Working with ideas about gravitational forces
The set of following tasks is focused on exploring the Earth‘s gravitational force on various
objects and materials. The goal is to make pupils aware of the different commonly observed
phenomena caused by the Earth‘s gravitational effect. The most common visible manifestation
of gravity is falling objects. Part of the activity is therefore devoted to the free fall of objects.

Task 1
Materials and tools for a working group:
• objects of different weight, worksheet, internet
The teacher initiates a discussion of what is causing the objects to fall. The aim of the discussion is to identify what pupils already know about gravitational force and its effects on
objects. The teacher can use the same situation to initiate this discussion as he has used in
the object of magnetism - task 1 with sleeping on the table. The teacher guides the pupils
to think about which of the proposed ways of shifting the sleeves use the movement of the
spine due to gravity gravity. They then consider whether it is possible to move other objects, such as sleep, in the same way. For example, if a book was placed on a paper on a table.
The aim is to encourage pupils to realize that it seems that harder objects are not so easy
to move, leading to the identification of the first research question aimed at examining
whether the rate of falling objects depends on their weight.
First, the teacher asks if they think that the rate of falling objects depends on the weight of
the objects. The usual idea of pupils of this age is in the form of Aristotelian perception of
the fall rate – the harder the object, the faster it falls. The teacher suggests that they examine
this phenomenon. Subsequently, it leads the students to the solution of task 1, where their
task is to design a procedure by which they can determine whether the rate of fall of objects
depends on the weight of falling objects. He emphasizes this research question, it is best to
write it visibly on the board and the predictions that the pupils in the class have made for it.
In terms of the theory of the development of big (complex) scientific ideas, it is important to
give proper attention to the procedural side of the research. The research task is of an open
type. Such tasks emphasize the researcher‘s competence to propose their own way of verifying predictions. This means that the most important part of pupils‘ active activity is precisely
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the design of a thoughtful procedure and its discussion. It is advisable for pupils to work in
groups, where the teacher walks between groups and advises only if pupils are unable to orient
themselves or move on in the task. However, they never advise in a way that would lead them
to a particular procedure. In particular, it encourages them to make their own proposals.
When designing procedures, the teacher draws pupil‘s attention to the work with various
object characteristics (so-called variables of the examined situation) on which they will
test the fall rate. If it is to determine whether the rate of fall of objects depends on their
weight, it would be most ideal to have two objects that differ only in weight and the other
characteristics (variables; especially shape and volume) have the same.
Recognizing this, there is also a need to address a partial research question to determine
whether two objects are equally large. For example, pupils choose to compare the fall
rate of two plasticine beads. The larger plasticine ball is even heavier, but it also has a
larger volume, it takes up more space, so it would be good to compare the plasticine ball
with the same size glass, polystyrene or other ball. However, there is a need to find out if
they are actually just as big. Although size comparisons can only be made by estimates, it
is more appropriate for them to lead them to the precision typical of scientific procedures
and to help them measure whether the balls are the same size (with the same volume), for
example by immersing in water in cups (measuring cylinders).
Thinking about this condition is crucial for the success of the idea development. Also,
thinking about how pupils will measure (or compare) the rate of falling objects. If the
height from which the objects are launched is relatively small (max. 2 meters, if the study
is conducted in a school class), any differences may not be sufficiently reflected. Possible
differences in this situation cannot even be detected if pupils propose to measure the fall
rate using a stopwatch. The differences in this task should not be observed by the pupils (if
they do a sufficiently precise investigation), in which case the problem of the untrustworthy results may arise, with the pupils in particular attributing the small amount from which
the objects are triggered. For more confidence in pupils, we recommend that you observe,
for example, the first floor of a building and compare it, i.e. to ensure a consistent start of
the fall of both items from a height and then compare their impact.
The proposed procedures are presented by individual groups. The task of the other groups
is to look for errors and untrustworthy parts of the proposed procedures for those groups
that present the procedures. The aim of the presentation of the proposed procedures is to
modify them so that they are truly usable and truly credible. On the basis of the discussion, they decide how they will verify their prediction and implement the procedure. It is
important to observe multiple times so that pupils are sure of the outcome of what they
have observed, especially when it comes to research that is likely to disprove their predictions. The results of the observation and the conclusion in the form of an answer to the
research task are formulated in the final part of the task by pupils.
In order to the idea to be better anchored, pupils compare their results with the findings
they have gained by experimenting with Galileo Galilei. The teacher guides the pupils to
find out on the Internet how they have realized their Galileo Galilei experiment. It leads
them to compare his experiment progress with the one they did at school. Similarly, they
compare their own observation results with those obtained by Galileo Galilei.
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Task 2
Materials and tools for a working group:
• ping-pong ball (or plasticine ball, file clip), worksheet
The teacher starts discussing whether all objects are falling to the ground. The intention is
to identify the research question whether it is possible to slow down the fall of projections
and, if so, in what way. However, at the beginning of the discussion, it is good to divide what
is associated with the introductory question. For example, it is possible to discuss which objects are flying and what keeps them in the air. Sufficiently discussed ideas can then lead to
interesting solutions to the research question itself, to which the discussion is going.
When the discussion is over (the pupils do not contribute new ideas and factual remarks),
the teacher takes one particular object, such as a plasticine ball, a paperclip or a ping-pong
ball, and asks whether this object will fall if we let it go. To emphasize the fall of the object
perpendicularly downwards, it is interesting to lead the pupils to try to draw the mark on
the ground where they think the object will turn out if the teacher releases it.
Subsequently, the teacher will ask the pupils to try to propose a procedure to slow down
the fall of the object (clip, plasticine or ping-pong ball). It is advisable for pupils to work
on suggestions in groups. The aim is to suggest at least one procedure in the group. The
teacher guides the pupils to draw the draft and describe it appropriately. They should also
prepare a rationale for why they think that this is how it might work (justifying their own
past experience with similar situations or using the ideas they have). Pupil Teacher Encourages Reasons for Questions: How do you think it will work like this? Have you seen
anything like that? If so, where? What do you think causes your object to be slower in your
proposed process? Etc.
After making the proposals, the pupils present them. As in the previous task, it is also the
task of the other groups to discuss a proposal that is presented to challenge its functionality, i. find mistakes and improve it. At the same time, in this discussion, pupils have to
use prepared arguments – why do they think that this might work. After discussing the
suggestions, they prepare lists of devices and bring them to the next hour to try their procedures. Due to the educational potential of the whole activity, the actual implementation
of the proposals is of less importance compared to the design and justification itself. This
means that pupils can also try procedures at home and get the results of the research. They
record the result of the examination in the form of a conclusion, assessing in their own
words whether their design worked or not and try to justify why they thought it was working or not, or what modifications they would propose.
Finally, pupils discuss with the teacher what procedures have worked and evaluate how
these procedures are related, with the falling object still being subjected to a gravitational
force, which in principle needs to be overcome, for example by acting on the object in the
opposite direction and the like. However, it is not possible in any case to cause the object
to stop gravity.
73

I – S.K.Y.P.E. Methodical Handbook for Teachers
2. Objects can affect other objects at a distance

Task 3
Materials and tools for a working group:
• string, scissors, canvas, plasticine, scales
At the beginning of the activity, the teacher discovers students‘ ideas of how objects fall
to the ground. He can use the following questions: Are all objects falling to the ground?
Are all objects falling to the ground the same quickly? What affects how things fall to the
ground (which way, how fast). Can I think of something that will slow down or accelerate
the fall of the object to the ground? It is important that it is really a question of finding
students‘ ideas. The first principle (identifying children ‚s ideas) is that the teacher asks
himself that he really wants to find out the opinion, not the knowledge that the pupils do
not feel that the teacher is asking about something he did not take with them, they should
know and do not know. Indeed, it must be a curious question about past experience, so
it is advisable to use initial question formations: What do you think ... What is your idea
... Think about what you have experienced ... and so on. The second principle is to give
enough time for each pupil to think through the answer. That is why it is not appropriate
to let the pupils react in a frontal way, and then a few pupils (often unreasonably) react and
others remain inactive in their ideas.
If the learner does not use what he knows from the experience of the investigated phenomenon, we cannot assume that his idea will change as a result of the investigation. It is
better if the teacher encourages the pupils to consult the group. At the same time, it creates
an idea that exploration is a collective activity with a common goal and a common result,
just as it is in science and technology itself. Every product (whether in discovery, explanation or directly practical solution, or construction) is created in a cooperative atmosphere
where everyone contributes in a personal way.
In addition, the initial survey (which takes quite a lot of time for precise work, but should
be seen as an important part of the learning activity), the teacher will find out what pupils
have ideas about the falling objects, what are the differences in the ideas, leading the debate To identify, together with the children, the question which will be the object of their
examination. If, before this activity, the teacher performed 1. and 2. tasks, the identification of the imagination is also relevant in terms of feedback on what the pupils have found
in the previous investigation.
Subsequently, the teacher asks where a person‘s slowing down the fall used; Whether it
is possible to slow down the fall of man, if so, how. It will suggest the pupils to try to
construct the parachute. To make the design meaningful, the pupils first lead to reflection
on how they would proceed if only the following objects were available: spaghetti, scissors,
canvas and plasticine. It is useful if children have these materials available in the group to
view them. The most optimal is if the pupils try to draw a parachute as they could create
it from the materials they have at their disposal. The teacher leads the pupils to try to implement their proposals.
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After the children are constructing their prototypes, the teacher leads the pupils to reflection on how they could check if the parachutes work. The procedure to be used should
result from a joint discussion, so that pupils understand exactly how and why the parachute will be approved. The simplest way to verify the functioning of a parachute is that
the pupils create two equally large (heavy) marbles of plasticine (preferably, if they are also
weighed to make them really as difficult), one will attach to the formed prototype of the
parachute and both run from Equally large heights – one will be slowed down by the builtin prototype of the parachute and the other will fall directly to the ground. It is advisable
to test the parachutes from as much height as possible, preferably from the floor, to make
the difference in the fall as pronounced as possible; However, the two meters are sufficient.
It is important that pupils realize that the parachute works when the ball with a parachute
will fall later than the ball without a parachute.

Task 4
Materials and tools for a working group:
• string, scissors, plasticine, tulle, chiffon, microtene (fabric dimensions 30 × 30 cm)
In the previous task, pupils found that the fall of an object can be slowed down with a simple
canvas parachute. In addition, they have designed and tried a procedure to determine whether a parachute is actually slowing down an object. The next task is to explore how the parachute works. Pupils‘ attention will therefore be focused on determining when the parachute
is working and when it is not, from which materials it is appropriate to make it.
The teacher asks whether other substances can be used instead of canvas. Leads students to a
research question: What substance can we use to make a parachute? The teacher offers three
types of material to the groups – tulle, chiffon and microtene. In order to verify the functionality of parachutes, it is advisable that the parachutes created are as large as they are. Therefore, the teacher prepares the same sized squares of these materials for each group. The size
is 30 × 30 cm. Pupils look at the fabric and their task is to create the predictions about which
of these materials will work if we make the parachute out of it. In order to really makepredictions, the teacher should also ask the reasons why pupils create preconditions as they create.
They argue using their personal experience, and the subsequent investigation will give them
verification. Asking for an explanation of the formulated predictions is very important and
if the teacher uses it, the pupils gradually retreat from the guesswork (just guessing) towards
more thoughtful predictions (attempt and mistake gradually becomes a real investigation).
Pupils stick samples of the materials to be examined in the indicated fields in task 4 and
record their predictions predictions ( or û). They then construct the parachutes and use
the same procedure as in Task 3 to see if the parachutes are working or not. The results of
the observation are recorded in the worksheet in task 4, according to the same legend as
in the creation of predictions. Upon completion of the verification, they shall evaluate the
results of the investigation. It is important to use completed worksheets for appreciation the teacher uses the worksheet of one pupil (or group) as an example and asks what they
assumed about each material and what they found, i. whether the prediction was confir75
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med or not. If not confirmed, he emphasizes that they have found a new, interesting thing.
It is very important to point to the record. By way of example, the teacher leads the students to endorse them by giving them what they have found and recorded. This develops
the pupils‘ reasoning capability, which is an important element of the overall competence
of scientific work in the development of elementary science literacy.
The conclusion of this task will be that all materials work – a ball without a parachute has
fallen faster than a ball with a parachute. I pupils find that parachutes made of different
materials work, but when verifying they see that some material slows plasticine more and
more less (especially when we run parachutes from a higher height). Therefore, the teacher leads the children to solve another research question (task 5).

Task 5
Materials and tools for a working group:
• parachutes made from different materials from the previous task
Pupils solve a research question: Which material is best suited to create a parachute (which
slows down most)? The aim is for pupils to find out by their own research (with the help
of a teacher) which material is most suitable for the production of the parachute. First,
the teacher guides the pupils to try and create the predictions about which materials they
use to work best. Pupils have available materials to view. They should try to describe what
features a material should be used to make the best parachute. Thinking about materials is
important, the teacher has a chance to see if the pupil registers the link between the quality
of the material and how the parachute works.
To facilitate the exploration of the pupils, the combinatorial task to be addressed in the
examination of the four materials to the pupils we provide or present them an example of
what to do if we want from four possible materials to find out which is better. The semifinals and the finals of various competitions work on a similar principle. The pupils first
compare Sample 1 with sample 2 and in particular sample 3 with sample 4. This way we
exclude materials that are less suitable for parachute formation and will remain with two
„winning“ materials that just compare. When creating parachutes, we ensure that pupils
construct parachutes in the same way that they use equally large pieces of different materials examined, as well as long laces, the same method of attachment to materials and
equally large pieces of plasters instead of weights. When comparing two parachutes, we
ensure that both of the matched parachutes always run from the same height. For these
details, please note that this is part of the development capability to conduct an experiment that we can use to verify our own predictions. The results will be recorded in Task 5.
In conclusion, the teacher can lead pupils to interpretation. Pupils compare materials and
try to find out which material property caused the parachute to work better. The discussion can lead , for example, to the fact that the holes in the material reduce the functionality of the parachute, while the pupils still have the willingness to explore, we can provide them with various other materials (always the same large pieces, because the size of
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the parachute also influences its functionality) and let them Investigate their predictions
spontaneously. Very suitable materials are microcups (different thicknesses), Celloethane,
but also silk. If the subsequent investigation was carried out, it would be appropriate to
create a conclusion and evaluate which material is most appropriate and whether it was
confirmed by what they thought about the characteristics that affect the functioning of the
parachute.
Other research issues that can be dealt within the object matter is how the size of the material we use to create the parachute affects the functionality of the parachute. To develop
precise working with variables, pupils are important to note that if we compare the size of
the parachute, we must produce parachutes from the same material because in the previous investigation we found that the quality of the material also influences the functionality
of the Parachute. Parachutes should be made in a consistent manner, the only difference
between the two fallen blocks will be the size of the substance used for its production.

Task 6
Materials and tools for a working group:
• 3pcs office paper sheets
In the sixth task, the teacher will show three equally large sheets of paper. One of them
wraps into the ball and the two leaves out. It shall explain to the pupils that their task will
be to compare the speed of the fall of these three sheets of paper, first run horizontally, the
second in the vertical position and the third hiding, as indicated in the table in task 6. The
task of the pupils is to think about whether they fall as fast or fall off any of them faster.
Accordingly, they will assign serial numbers to individual picture situations in the table.
The predictions seek to justify on the basis of what they investigated in the previous tasks
with the parachutes. The predictions are verified and the teacher expresses the generalization of the explanations proposed by the pupils. If the presumption is consistent with how
the phenomenon actually behaves, we retain the original idea.

Task 7
Materials and tools for a working group:
• map of mountain area, internet
The seventh task is aimed at highlighting the fact that gravity also acts on liquids, which
is manifested by various commonly observable phenomena, for example by the fact that
water flows down the hill or that the water level is always horizontal. These phenomena are
typical of liquids because they are liquid..
The task of the pupils is to observe the map of the selected mountain area (MaláFatra
in the village of Štefanová). First, their task is to identify water resources on the map,
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especially streams and rivers. Pupils can help you find a map on the internet, where the
display will be colorful, confirming where the streams are everywhere. Consequently, on
the basis of information from the map and knowledge of the fact that gravity also acts
on water should indicate where in the mountains there is a climb. Using layered rails can
even determine which points (1 – 11) on the map are roughly the same height and which
are lower, or above. The goal of the task is to realise that the water always flows down the
shores and is due to the gravitational force. If we realize this fact, we know on the basis of
the map of the terrain, which, for example, we plan to pass.

Task 8
Materials and tools for a working group:
• jar with a lid, water
The task is aimed at observing the behaviour of water levels in the jar. The teacher will
show the glasses filled in half with water and closed so that their pupils can put them in
different positions without water spills. The cup of pupils sees, but it is not advisable if it is
available before creating predictions. Pupils then tend to have a tendency to detect them
immediately, as opposed to exploring only research. The pupils address the predictions,
and the teacher asks them to draw on how they think that the water in the jar will be deposited if the glass turns as indicated in the various situations in the table. They color that
part of the jar where they think they will water. The first position is the pupils drawn as
an example. The teacher walks among the groups and helps the pupils create predictions
to determine how pupils are thinking about the water surface. It encourages them to draw
water levels exactly as they think that they will be observed when the glass is tilted.
After proposing predictions, the teacher leads the pupils to verify them. He will provide
the pupils with a jar with a lid with water inside, which should be of the same shape as the
pupils observe in the worksheets. It is important that the pupils draw up the result of the
observations, only when the observation is developed – is targeted – aimed at verifying
the marked prediction and is detailed, i.e. the pupil is kept to notice where the water level
is in the jar and so in the assessment. The last column in the table will color the bulbs in
those lines where they found a new fact – the prediction was not confirmed. The teacher
concentrates the pupils ‚ attention to the fact that the water (level) in the glass remains
in the same position against the ground, if the glass is carefully swallowed. If we turn the
glass quickly, the water will spill different, but eventually the water in the glass is always
in the horizontal position. In the following part of the task, the teacher leads the pupils
to try their own words to explain the relationship of this observed phenomenon with the
gravitational action of the Earth.
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Task 9
Materials and tools for a working group:
• glass jar, water vessel, polystyrene balls, crayons
In order to provide pupils with other evidence that the water level remains horizontal, he
will use a large, transparent water container, at the level of which the continuous layer of
polystyrene balls is used. He takes a glass without lid and shows the pupil what happens
if it is immersed upside down into a water container. The task of the pupils is to draw the
first row in the table to the verification section where the water level is located or easier –
where the polystyrene balls are found. The full vertical immersion of the jar into the water
container also shifts the water level in the jar (as the air from the jar cannot escape) together with the polystyrene balls. The objective of the activity is not to explain to the pupil
why this happens, the important is to observe what is going on with the water level in the
jar if we turn the cup in different ways.
After the initial observation, the teacher can lead the pupils to make predictions about
the individual situations in the table in Task 9 as to how the water level will be stored in
the container, but also in the glass, in each situation. It is advisable to guide the pupils to
color the part of the vessel in which the water is located, as accurately as possible. Then the
predictions are verified by dipping the cup under the surface.
At the end of the observation, the teacher leads pupils to generalise observations, which
focus on the fact that the water level in the large container and the water level in the glass
(jar), which we immersed into the water, is still horizontal. In doing so, the teacher refers
to the pupil‘s findings and demonstrates it again on a water container. As in the previous
task, the task of pupils in trying to explain in their own words the connection of this observed phenomenon with the gravitational effect of the Earth.

Task 10
Materials and tools for a working group:
• spirit level, marble
In this task, the teacher shows the pupils a spirit level. First, he discusses with pupils whether they know such a device and, if so, what it is used for. If they do not know the spirit
level, they will explain to them that it is used to determine if the objects are placed horizontally. He will ask the pupils to look at it properly and try to explain what principle it
works for.
Subsequently, the teacher leads the pupils to try to create a presumption of which of the
classroom places (listed in the table) are stored horizontally and which are not. Use the
spirit level to verify and record your predictions in a spreadsheet. Their next task is to explain how the use of the spirit level is related to the Earth‘s gravitational effect.
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After the discussion, the teacher asks the children to take the ball and find the three places
where the ball rolled and the three places where it would lie where they lay. They draw
these places in a worksheet to discuss them. The aim of the discussion is to compare the
places where the ball rolled with those where it stood and to find out what the difference
between the two places is. The aim is to get the ball to go where the surface we put it on is
not horizontal (straight).

Task 11
Materials and tools for a working group:
• marble
The teacher bases his/her own table in front of the class so that it is slightly inclined but the
slope is not visible at first sight. He will do it so that the pupils do not notice it. The activity
can begin by taking a cube and a ball and placing it on a (pre-prepared – slightly inclined)
table. The ball begins to move, teacher is giving it back where he wants it to be. He warns
pupils that a strange thing is happening - the ball is moving itself, but the cube is not. It
shows them more than once to see that the ball is so real. The teacher guides the pupils
to think about what is causing it to happen: Think why, after laying on the table, the cube
has remained in place and the ball has rolled out of the table down? Are the balls rolling
themselves apart wherever we lay them?
He then leads the pupils to look for three places in the classroom where the ball is rolling
and the three places where it will lie where they put it. It leads pupils to compare the qualities of these places and guides them to create explanations: What do we need to do with
the tables to keep the ball on it exactly where we put it? Pupils‘ own explanations can be
formulated very differently, it is important to emphasize the essence they express.

Task 12
Materials and tools for a working group:
• tools designed by pupils, spirit level
What the pupils have learned in their previous tasks can be used to solve the problem 12.
The research question is: How can water be used to determine whether an object is stored horizontally or not. The task of the pupils is to propose an exact process that uses the
properties of water and how it is exposed to the force of gravity to create a tool that can be
reused to determine if the surface being examined is horizontal or not.
As in similar tasks, pupils also present their ideas and discuss them. They can further
customize their suggestions and discuss the tools they need to implement. They will be
provided by the teacher or brought by the pupils. Another good option is to prepare a homework tool.
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Using their water-based tools, pupils try to find out in the classroom which school tables
are placed horizontally and which are not. Each group carries out observations with its
own instrument. In order to be able to compare the results in the end, the pupils create
a scheme of storing the benches in the classroom and number them in the same way before realizing the research. To see if their school table positioning tool is working or not,
they will use a formal tool for each table to familiarize themselves with the spirit level.
Finally, they evaluate whether their tool works or the results are obtained by a spirit level
and their own tool different.
Finally, the pupils try to balance the school tables that they found to be not horizontal.
They justify their alignment procedures and check their posture with a spirit level during
alignment. Then the teacher leads the pupils to reflect on why it is good to have a table placed horizontally. The teacher can also develop this topic to other objects, such as building
a home, storing a washing machine, or a hob in the home.

3.3 Working with ideas about electricity
The set of tasks in the topic of electricity is aimed at modifying the idea of the effect of
electric charges at a distance. With regard to the age of children, the idea is only developed on the basis of the visible manifestations of this interaction in macros and on the
phenomena with which the pupil already has experience. Pupils are guided to investigate
the formation of static electricity (Tasks 1 – 4) as well as to explore the transition of electric current through various materials (Tasks 5 – 7). At the end of the chapter, pupils are
guided to explore how light energy changes to electrical and then mechanical (tasks 8 –
10), creating a link to the next chapter in which pupils will examine the effect of light at a
distance.

Task 1
Materials and tools for a working group:
• paper confetti (pieces of aluminum foil, pieces of plastic bag), paper clips, balloon, salt,
thin stream of water (can use washbasin in class)
The teacher can follow up on the previous two topics and discuss with the pupils when it
is possible to observe the effects of the forces at a distance. It encourages pupils to discuss
magnets and gravitational effects on objects and asks whether they know other situations
where it is possible to observe the attraction or repulsion of objects over a certain distance.
If the pupils mention the electrification of the objects, then the teacher will follow it, if not,
the teacher will show the pupils how to use the inflated balloon to attract electrified hair.
In order to try this phenomenon, the teacher leads them to the solution of task 1, in which
they are asked to find out which small objects can be attracted by the electronized balloon.
First, the students create the preconditions for the teacher to determine how pupils have
an idea of how the electrified object (a balloon that rubs against the carpet) works on various small items. Then the teacher asks the pupils how to find out whether their predictions
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are in line with reality or not. Discusses the exact process of verifying predictions. It is important to realize that the balloon must always be equally electrified, so it is important to
always rub it on the same surface and always the same length. To be precise, we use a new
balloon for each additional observation.
Pupils verify their predictions in an agreed way and make a conclusion from the observation. Their job is to write what they found out in their own words. When making a conclusion, the teacher directs them to notice the properties of the objects being attracted and
the properties of the objects that are not attracted. In addition to paper confetti, they can
also use pieces of plastic bag and pieces of aluminum foil to see how other materials react
to electrified balloon.

Task 2
Materials and tools for a working group:
• balloon, stopwatch, paper confetti
In the first task, the pupils found that the electrified balloon attracted, for example, paper
confetti. In Task 2, pupils will examine whether the amount of paper confetti attracted
depends on how long we puff the inflated balloon over the carpet. It is important to use
the same sized scraps of paper in this task. To emphasize this (as an element of developing
precision in research), it is advisable to guide pupils to produce papers of the same size.
Pupils can cut pieces of square paper or use a paper punch. If they use paper confetti, they
should first sort them out so that only the same confetti is in the used confetti sample.
Before the actual observation, it is possible to discuss with the pupils their predictions
whether the longer rubbing of the balloon by the carpet will create a „stronger“ electrification, which will cause attracting more confetti. During the verification itself, as in Task
1, it is important to carry out a precise survey and use a new balloon for each additional
attempt. Pupils dye in the table as many fields as many confetti have been attracted to the
balloon, creating a difference diagram. Since the friction time of the balloon in the first
column is shown in the order of the shortest to the longest, verification of the possible predictions of proportional relationship between the friction time and the number of drawn
confetti can be easily identified in the table („graph“)
One of the aims of this task is to teach pupils that sometimes it is possible to present the results not in numbers, but graphically, thus highlighting possible differences. When examining some of the balloon‘s confetti, others just „stand up“ - after the balloon approaches,
they partially detach from the pad and pull toward the balloon. It is therefore important
to agree on what the pupils will consider to be attracted confetti - either only those that
remain stuck on the balloon after it has been pulled away from the confetti sample or even
those that have been pulled partially. Alternatively, they can be distinguished in color in
the table. In this way, we develop a much needed sense of detail and objectivity.
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After carrying out the investigation, the pupils create a conclusion to observe, referring to
the data presented in the table – „chart“. This means that it is important that pupils refer
to the observed similarities and differences that led them to make a final judgment on the
relationship between the length of the balloon‘s rubbing against the carpet and the amount
of drawn paper confetti. According to big idea that we are trying to develop through this
activity, it is important to conclude with pupils about whether the electrised balloon was
on remote paper confetti or had to touch the confetti to attract.

Task 3
Materials and tools for a working group:
• balloon, wooden spoon, metal spoon, plastic spoon, foil, plastic bag, cotton fabric,
wool fabric, paper confetti
In the second task, the pupils tried a procedure by which it is possible to compare the intensity of electrization of the balloon by its differently long rubbing on the same surface.
They will also use this procedure to „measure“ the difference in how various materials can
be electrified by the same rubbing. To maintain experimental conditions, it is important
to develop a process in which we eliminate the impact of different variables on the outcome of the investigation. As one of our intentions is to develop competence to propose our
own way of validating predictions, we are encouraging pupils to try to design their own
way to find out if different substances (listed in the table in task 3) create different intense
electrification , which will lead to attracting more paper confetti.
In the discussion of the examination procedure, the teacher ensures that all the materials
studied are always on the same surface, such as a carpet, to be rubbed for the same length
of time and that the surface is of the same size. This can be ensured by first examining the
wooden spoon and then wrapping it with different materials.
Before exploring, pupils can make predictions about which material will cause more intense electrification. Predictions can be made by determining the order of materials from
those that they think will cause the least electrification to those that will cause the most
electrification. In the table, there are also two free columns available for pupils to indicate
materials they would like to review.
Then they carry out an observation in which they try to follow the set examination procedure as precisely as possible. They repeat the measurement for each material, or check
their results with the results of other groups and repeat the measurement only if they have
obtained very different results for a particular material. Based on the results of the measurement, they formulate a conclusion stating whether the degree of electrification depends
on what material the objects has been rubbed against. When making the conclusion, they
refer to their findings (measured values in the table).
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Task 4
Materials and tools for a working group:
• glass, wool, foil, paper, wood, rubber, plastic bottle, PVC (floor plastic)

Postup:
The fourth problem solves the origin of static electricity in the sense of the theory of triboelectric effect. In the task there is one of several versions of the triboelectric series. On
the basis of the examination of this advice and the discussion of it, the predictions that the
pupils will then have to make should emerge. First, the teacher explains that the picture
shows various known materials and they are sorted by how they can be electrified. In order to be better prepared for this task, the teacher can ask pupils to find out information
about the triboelectricity, the triboelectric effect, or the triboelectric series on the internet.
Their task will also be to bring some of the table‘s materials to explore them together.
This task is interesting because pupils are encouraged to think about the information provided and then to create the question and the prediction that they derive from their understanding of the arrangement of materials in the triboelectric series. For example, it may
be interesting for pupils to explore how materials that are at the opposite end of the series
behave if we rub them against each other and then approach the paper confetti. It is also
interesting to investigate (even in comparison with the previous suggestion) how electrification will emerge if we rub objects made of materials that are in a row close to each other.
In addition to making predictions, pupils are also asked to develop a process through
which they can verify their predictions. The teacher‘s task is to assure that pupils work
correctly with variables in the proposed procedures.
Than they realise their proposals and record the results. As this worksheet focuses pupils‘
attention primarily on making predictions and proposing their verification process, the
results are formulated verbally. It is important to lead pupils to distinguish the results out
of the conclusion. The results represent the data obtained. In the conclusion, these data
are already used by pupils to make a judgment, for example, the materials that were in the
(triboelectric) row far apart from each other were the most electrified in friction.

Task 5
Materials and tools for a working group:
• 1.5V or 4.5V battery, 1.5V bulb, 2 wires (electric cables)
The task is to investigate that the electricity stored in the battery can cause the lamp to
turn on if the battery is properly connected to the bulb. The goal of this task is for pupils to
realize that electricity can be moved from source to appliance (acting remotely), with only
a certain material being able to deliver electricity.
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In task 5a, the teacher provides the students with a battery (4.5V or 1.5V), two wires (preferably with crocodile clips at the ends, for better grip) and a bulb. First, it is the task of
the pupils to carefully examine the four suggestions on how these components could be
stacked together to light up the bulb (see table in task 5a). Pupils, by mutual agreement,
make predictions about whether or not the lamp can be turned on in this way. After the
predictions are made, the pupils are guided to verify them. Based on predictions, the teacher can determine to what extent pupils have an idea of a closed electrical circuit. If their
prediction was in line with the real functioning of the electrical circuit, it could immediately devote itself to the sixth task, in which the task of the pupils, through the electrical
circuit constructed in task 5a, is to test which materials conduct electric current and which
are not. If a teacher finds out that pupils are not yet settled on the functioning of a closed
circuit during the preparation of predictions in task 5a, he / she devotes to developing this
idea by solving task 5b.
In Task 5b, there are a number of possible ways to combine wires, battery, and bulb so
that the bulb lights up. Of course, only the ones that make a closed electrical circuit work.
The task of the pupils in the group is to think about the outlined situations and to create
predictions about whether to turn on the bulb. The teacher emphasizes to the teacher that
the battery is a source of energy that can light up the bulb, but we must make sure that
the energy gets into the bulb properly. After making the predictions, the pupils verify the
functionality of the individual constructs. When examining it, it is important to alert pupils to differences in individual situations, as they may vary in very small detail, which, if
not observed, will cause the bulb not to light up.
After the verification, the teacher leads the pupils to draw conclusions from the observation. Their task is to formulate in their own words a procedure how to connect the
components together in order to light up the bulb. When presenting the conclusions, it is
important that pupils refer to the results obtained. Through questions related to the conclusions drawn by the teacher, the teacher will ensure that the results are informed that it is
essential with which part of the bulb the part of the battery is connected. After performing
tasks 5a and 5b, pupils should be clear about how to create an electrical circuit to light up
the bulb. They will use knowledge in the seventh task.

Task 6
Materials and tools for a working group:
• 1.5V or 4.5V battery, 1.5V bulb, 3 wires (eg crocodile clips with cable), switch
Pupils already know how to build a functional electric circuit with a bulb. In the following
task, they will examine the function of the switch in the electrical circuit. The teacher can
guide the pupils to realize that their bulb is on while all parts are connected to the circuit,
if the circuit is interrupted, the bulb is no longer lit. In order to make practical use of the
electrical energy in the battery to the light energy in the lamp, it is good to have a practical
way to switch off the power.
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Pic 21: Spínač

The teacher puts a switch to the pupils in which a mechanical break in the electrical circuit
can be easily seen (see picture). Then he leads pupils to make predictions about which of
the four proposed electric circuitry designs with the bulb will work and which will not and
why. After proposing the predictions and discussing the predictions in which it is the task
of the pupils to try to justify their predictions, the pupils will verify the predictions and
make a conclusion based on the results of the observation.
In order to make the switch function in the electrical circuit better and more practical, the
teacher suggests that they try to create their own functional switch into the electric circuit
with the bulb. Their task is to use available materials in the classroom, home and the like.
First, they draw their designs and list the necessary tools. Then they present their designs.
In the presentation, the other groups are encouraged to look for possible errors in the presented design. Pupils realize their proposed designs at the next lesson to which they will
bring the necessary tools, or the teacher enters them with the design of the switch for their
homework and test their functionality at the next lesson.

Task 7
Materials and tools for a working group:
• 1.5V or 4.5V battery, 1.5V bulb, 3 wires (eg crocodile clips with cable), nail, spine, coin,
foil, ruler, rubber, paper, match, cup
It is clear from the foregoing task that any materials cannot be used for the switch construction. The switch part must be made of an electrically conductive material and a part, conversely, of an electrically non-conductive material. This raises the question of what different materials and where to use the switch. The objective of the task is to determine
which materials are electrically conductive and which are not. The teacher emphasizes
this research task and leads the pupils to make predictions about the materials found in
the table to the task 7.
The verification procedure is specified in the task. It is advisable for the teacher to repeat
the principle of electrical circuit formation with the pupils. The table also shows a schematic view that is used as a universal means of communication for scientific communications
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on electrical circuits. However, it is not necessary for students to have knowledge of schematic representation of electrical circuits to solve the task.
It is advisable that the teacher first demonstrates how the verification will take place, referring to the image in the table. He tries the nail and the pupils see that the bulb is on,
so they will indicate that it is a conductive material (or a lit bulb symbol). He then tries
another, non-conductive material (which is no longer in the table), such as a cotton swab
or sweater. Pupils see that the bulb has not been lit, which means that this material is not
conductive (marked with a crossed out bulb or a non-conductive material mark as they
agree).
The table is deliberately divided into two parts, with its left part containing only metal
objects and the right part containing non-metallic objects. In this way, the communication of the teacher with the pupils in the conclusion of the observation is facilitated. After
verifying the predictions, the teacher guides the pupils to try to generalize the conclusion
about what materials they are conducting and how they do not conduct electricity.
It should be pointed out from the investigation that only metal objects conduct electric
current. There are also other free fields in the table where the pupils will note down the
materials they want to explore in order to confirm their observation. Therefore, I will add
two more metal and two other non-metallic objects to the table, which they will then examine. The teacher leads the pupils to check their conclusions by studying on the Internet,
where it is their task to find out what other substances (except metals) are electrically
conductive and also whether all metals are electrically conductive.

Task 8
Materials and tools for a working group:
• solar cell, motor with propeller, 3 wires (eg crocodile clips with cable), switch, table
lamp with sliding head, ruler, colored foil (yellow, red, blue)
Other electrical sources than batteries can be used to create a simple electrical circuit. In
this task, pupils create a simple electrical circuit again, but now they use a solar cell instead
of a battery. In this task, pupils should take into account the lessons learned from the previous activity – the electrical circuit will operate when it is closed. The aim of the activity
will be to connect individual components (conductors, motorcycle with a helicopter, solar
cell) according to the schematic representation in task 8. Subsequently, some groups can
spin the motorcycle helicopter – depending on the room lighting. In the event that no
helicopter moves, the pupil teacher discusses how solar cells (collectors, power stations)
work, which we need to use them. The aim is for pupils to come to the conclusion that
light will be the source of energy in this case.
Pupils focus on examining the effect of light on the functionality of solar cells, as outlined
in the eighth task guide. Relatively strong incandescent bulbs or halogen bulbs with which
it is possible to generate sufficient electric power to spin the motor (suitable lamps are not
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suitable) are suitable for the investigation. The first research task is to find out whether the
distance of the light source from the solar cells affects the spinning of the motor with the
propeller, i. whether or not this distance depends on how much electricity is generated
(8a). After giving a research question, the teacher guides the pupils to make predictions
that they put in the table. Pupils also think about specific distances (10, 20 and 30 cm). For
example, if they think that such differences in the source distance from the solar cell do
not affect the motor, but more distances do, they will say so. Then, the pupils are checked
for predictions and recorded the observation results in the verification section. When
verifying predictions, the pupil‘s teacher points out that they should verify precisely, i. the
only feature that changes is the distance of the lamp (s) from the solar cell. Neither the
light source nor the solar cell must be inclined, the light must fall perpendicular to the
solar cell in all three cases. Please note that the article may overheat if the lamp bulb is
placed too close.
In the following task (8b), the teacher guides pupils to explore whether a solar cell will
work as well in a case a light source has a different property – it is colored. He explains to
the pupils that they set the light source (lamp) so the motorcycle turns when the lamp is lit
on, and then overlaps the bulb with yellow, red and blue foil. Pupils can also use a different
foil or a combination of them – a free space is created in the table to create the relevant
prediction. After making predictions, pupils and teachers discuss what they think about
this situation, and the teacher asks pupils to justify them based on their current ideas and
previous experiences. Then they devote themselves to verifying predictions and making
conclusions.

Task 9
Materials and tools for a working group:
• wooden block, ruler, table lamp (or flashlight), solar cell with propeller
Task 9 is aimed at examining whether the amount of electricity produced by a solar
cell depends on how the solar cell is tilted at that distance from the light source.
The teacher first leads the pupils to make predictions about the three basic positions of
the solar cells against the light source (torch or table lamp). Pupils then do verification.
When verifying predictions, the teacher makes sure that the pupils observe the displayed
conditions (ie the solar cell laying angle). This step can be ensured by the fact that pupils
will rely on solar cells for example. always the same item (such as a building block). However, it is important that the pupils place the cube directly under the lamp and do not move
it during the further verification of the predictions – they only handle the solar cell. The
position and distance of the lamp from the solar cell does not change (eg approx. 20cm
from the table). After the verification, the pupils formulate a conclusion. The conclusions
obtained in the different groups are compared. If there are differences in what the pupils
have found, the teacher is dedicated to identifying why differences may have arisen in
what the individual groups have found (for example, a different high light source, different
light source distance from a solar cell, and so on.
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Task 10
Materials and tools for a working group:
• images of solar collectors (teacher displays for whole class)

Postup:
In the previous task, pupils found that the amount of electricity produced depends on
the angle at which the light falls on the solar cell. In this task, the teacher leads pupils´
attention on how this can affect the usability of solar radiation in solar power plants. Teacher displays pupils a set of solar collectors, preferably real ones in the neighborhood. He
discusses (based on the image to task 10) with pupils about why solar collectors are inclined and how it relates to the movement of the sun in the sky during the day. Pupils can
formulate their explanations (based on discussion) in their own language 10. The teacher
can then discuss with the pupils how fixed solar cells in a power plant can be adapted to
capture as much light as possible during the day and transform it into electricity.
A multimeter (set to measure the voltage; a black wire connected to the COM socket and
a red wire to the V socket) can also be used to determine the performance of the solar cell
when light from different light sources is different. The multimeter directly connects to the
solar cell (they do not need to plug a motorcycle helicopter into the circuit).

3.4 Working with ideas about light
The set of following tasks is focused on light as a reality that can influence other realities at
distance. Pupils discuss different sources of light and how light is related to visual perception. They examine the straightforward journey of light to realize the presence of light and
also the manifestation of the straightforward journey of light – the creation of shadows.
Subsequently, they examine how light is being reported on impacting different materials.
They examine the reflection of light (especially on mirrors), light penetration through
materials and light absorption, which can cause the light to change to heat.

Task 1
Materials and tools for a working group:
• Concept Cartoons© snowman, worksheets, tools and materials proposed by pupils
The teacher introduces the pupils to a specific situation that is supposed to evoke pupils‘
experiences with similar situations through the concept (Concept Cartoons method 1).
The picture shows a snowman who is being put on a coat by the children they built. However, they have a different opinion. The task of the pupils in the groups is to agree on which
child‘s statement is true (in accordance with their idea of such a situation). It is important
to alert pupils to try to justify their choice based on previous knowledge, experience.
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The picture does not provide enough information for the solution, to learn what the pupils should gradually accomplish. For example, there is a lack of information about the
temperature of the air from which the coat is made and, for example, whether the sun is
shining or not. The initial task serves the teacher to identify the ideas of the pupils about
this natural phenomenon (thermal insulation).
When pupils agree on the statement and have justified it, the teacher evokes a discussion
among pupils in different groups so that they argue for their decision. If there are no disagreements during the discussion or the discussion is finished, the teacher leads the pupils to
solve the second part of the task. The task of pupils is to think about when the statements
they disagreed with in the initial discussion could be true. The task of pupils is to describe
the conditions under which the first, second and third statements would be true. Essentially, this task leads to the creation of predictions, which in turn can result in a research
activity whereby pupils learn how the phenomenon behaves.
If pupils did not mention any of the following conditions during the discussion, the teacher guides the pupils to try to consider them: Does it matter whether the sun is shining
or not? Does it matter what color is the coat (white, black)? Is it important how many
degrees is there (whether freezing or not)? Is it important from what material is the coat
that children try to wear to a snowman?
The Concept Cartoons method provides, in addition to the aforementioned identification
of how pupils explain selected natural phenomena, the development of argumentative
capability. If pupils agree to the statement, they must support it with an argument that is
credible and understandable to other classmates. On the basis of a reasoned discussion,
there are usually several parallel predictions that lead pupils to research activities. Teacher
suggests that only one of the predictions made should be verified. Since the task set is to
make pupils aware of the effect of light on objects at a distance, the teacher suggests trying
to verify the following prediction (Task 1b): If the outside temperature is 5 °C above zero
and the sun is shining, the black coat will cause the snowman to melt faster.
It is useful if the teacher creates this prediction by referring to some of the experiences
that pupils have with similar situations. For example, it may refer to a different feeling of
warmth in summer if we are standing in direct sunlight in a white or black shirt. Then the
teacher and the pupil discuss this prediction to make sure that all the pupils understand
what the goal of the exploration will be. Pupils can express themselves with the prediction
in terms of identifying themselves with it, or even in denial of this prediction. The teacher
emphasizes that this is just anprediction and needs to be verified.
Consequently, it leads pupils to propose a procedure for how this predictioncan be verified. The task of pupils is to propose a procedure from available materials and tools so that
the result of the proposed examination procedure is a convincing argument for them to
confirm or disprove the prediction. Pupils draw their design and describe it in Task 1b.
Each group develops its own design procedure and then compares it.
During the presentation of the group proposals procedure, the teacher guides the other
groups to try to find potential errors in the proposed solutions. He himself enters the discussion with the pupils and emphasizes that it is possible to verify clearly the presumption
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provided by the proposals. Therefore, each presenting group asks how they find out during the investigation that the melting has started (or has been accelerated). Together they
will develop a procedure that can be used. They will draw up a list of aids that they will
either bring or play their task of observation for the homework. They record the result of
the investigation in a worksheet, while the pupil‘s teacher points out that it is important
to evaluate the prediction in the result. He then discusses with the pupils what they have
found and generalizes (referring to the findings of the pupils) that the investigation shows
that the light in the dark materials is transformed into the heat of the object itself. The reason for this is that under the white coat there was nothing under the black, which implies
that it is the color of the material and not the material itself that causes the snowman to
melt in sunny weather. On the contrary, the white coat acted as an insulator compared to
the snowman who wore no coat.
At this point, it is important to emphasize that the most important part of the activity
(the pupil‘s development) is the creation of the verification process for the predictions
and the subsequent improvement of the proposal in the discussion compared to the
actual implementation of the procedure.

Task 2
Materials and tools for a working group:
• created „roof “ model (eg black-coated cardboard), 3 boxes, 3 thermometers
In the previous task, pupils found that light turns into heat more when it hits dark objects
than when it falls on bright objects. The goal of this task is for pupils to realize that the
warming of the objects also depends on how the sun‘s rays fall on the heated object. In
this task, pupils can also use the results of the ninth task examination in a set of tasks on
electricity, where they investigate the change of light energy into electrical energy.
The teacher introduces the situation of everyday life to the pupils - different roofs of the
home. She can discuss with pupils the roofs and why they are suitable, or the best. It is
interesting to discuss the color of the roof, considering the results of the first task. It will
present the research situation itself through Task 2a. He explains to students that their task
is to find out how to build a roof to keep the space below it as low as possible. The worksheet has three different situations and their task is to create a presumption of how to build
a roof. They should try to justify their prediction.
Consequently, the teacher leads pupils to verify their predictions. The procedure is not
given again, so it is important to reserve enough time for the pupils to think through the
process. The teacher helps them with the design process. They warn that they will use
a black roof that still has the same size, but is only tilted.
The teacher discusses practical verification of predictions with pupils. Together, they
construct a structure so that three different tilted „roofs“ of the same size (for example,
a black-coated cardboard) are turned towards the sun. The roofs can be placed on the
same paper boxes in which the thermometers are located. It is the thermometers that will
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be an indicator of any observed changes. Similarly to other tasks, there is a discussion
about predictions and the procedure for verifying predictions in the principle of a more
valuable part of the activity compared to the practical realisation of the verification procedure. Pupils learn to think precisely in situations in which they need to obtain a credible
observation result.
After carrying out the practical verification of the predictions, the teacher invites the pupils to formulate the observation result (in view of the predictionsand general research
intent of the activity) in the form of a conclusion. Problem 2b is formulated similarly. However, it is the task of the pupils to find out whether it is important to have a roof directed
towards the sun in the orientation of the world. Pupils make predictions and try to justify
them. Subsequently, they try to verify their predictions by searching for information on
the Internet. Practical verification of predictions would require longer-term observation
(at least one full day during sunny weather through regular air temperature measurements
under the house roof).

Task 3
Materials and tools for a working group:
• 2 same flashlights, small object (e.g., chess figure)

Postup:
The task of pupils is to explore how shadow is created and how shadow properties can be
changed by changing conditions. The questions are aimed to make their research detailed
and to focus the pupils on how the phenomenon happens in different situations. Consequently, they are encouraged to use this knowledge to formulate predictionsfor two specific
situations. In the first, their task is to think about how many shadows the object will have
if it is in a room with four lights. The task is to make pupils consider not only whether they
can have more shadows, but when the shadow of the object is not created. The answer to
the question may be different, depending on how the learner can think about the question
and how he/she can use previous knowledge. Accordingly, a reasonable justification for
the task is expected. For example, a pupil may claim that the object may have 4 shadows,
but may have only three shadows if the object is under exactly one of the sources, for
example, if it is under the lamp, the shadow is not formed.
The second question examines whether shadows are being created if we light object using
two same torcher from opposite sides of the object while it is lighted at the same angle. It
is appropriate if the teacher introduces two alternative predictions to the pupils. According to the first prediction, the shadows will not be created, while the teacher will give the
children the explanation that if the shadow is behind the object, where the light does not
get, but the light there on the other side with a second flashlight, so the shadows will not
be created. The second predictionexplains the phenomenon by creating two shadows because we have two sources of light. In this way, the teacher creates (among other things) an
example of a person trying to create predictionsbased on previous knowledge and logical
reasoning. That is, it does not, but really tries to justify its prediction.
92

I – S.K.Y.P.E. Methodical Handbook for Teachers
2. Objects can affect other objects at a distance

After the predictions are made, the teacher will provide the pupils with two identical torches and the object and pupils will examine whether or not two shadows are created. Pupils find that two shadows are created. The teacher can provide explanations to the pupils.
When we shine with two flashlights on the same object, there are places where we are lit
by both flashlights (there is two times more light) and there are places where we only flash
one flashlight, creating a place where there is less light – shadow.
Consequently, the teacher can guide pupils to know how the shadows behave in the question: How many shadows does a footballer have on a football field when playing under
the lights? It is advisable if the teacher guides the pupils to make predictionsfirst and then
verifies them through watching a football match or modeling a football field in a four-light
shoe box and a player‘s figure. In order to think precisely about the situation and to try
to use all of their knowledge to date, the teacher also asks some questions when making
predictions, for example: Will the football player still have the same number of shadows
when moving around the playground? How many shadows will he have if he digs a corner
kick? Will all his shadows be as dark? Etc.

Task 4
Materials and tools for a working group:
• Concept Cartoons© – Shadows, shapes cut out of different materials, torch
Similarly to Task 1, in this task, pupils are encouraged to discuss suggestions for explaining the commonly observed phenomenon. The task guides pupils to think about whether
shadows can overlap and create darker shadows. Pupils already know that there are lighter
and darker shadows, but the question is whether darker shadows can arise by overlapping
objects and thus by overlapping shadows of these objects. When presenting a picture to
pupils, it is important to note that the question is not focused on shadow density (if two
trees with a small number of leaves overlap, the shadow at the point where they overlap
will be more coherent). It is appropriate to explain to the pupils that the situation should
be conceived as if we were covering two leaves of the trees, and it is not clear whether they
are the leaves of the same tree or different trees.
The first task will be to decide (in groups) which statement they would consider true. At
the same time, the teacher leads the pupils to try to justify their claim. As in the first task
(Concept Cartoons), it is important here to devote sufficient reasoning to the pupils. These
should be based on their previous experience and be presented in a logical way. If the individual groups do not agree on which statement expresses the fact, the teacher encourages
them to try to convince the other group with their arguments (previous experience that
supports their decision for a particular statement).
If they agree (usually the pupils agree more or less that the place where the trees overlap
will not be darker), the teacher will provide the pupils with materials to explore the shadows. At this stage of exploration, he does not yet provide pupils with leaves from trees,
but cut out shapes in the form of sheets of different materials, some of which do not permeate light at all, some are partially translucent and colored (for example, sheets cut from
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colored foil). The aim of this investigation is to provide a possible lack of experience on
how shadows are formed when overlapping and translucent materials overlap. Among other things, pupils find that it is possible to create colored shades with transparent colored
foils.
After the examination, the teacher leads them to read the statements in the picture again
and to consider which one could be true, respectively, when (in what conditions) every of
the statements would be true (by overlapping what materials the shadow of the shadows is
dark, the darker shadow and the two times the dark shadows). The result of the discussion
should be a generalization that a darker shadow occurs when we overlap two translucent
materials (light-transmitting materials).
However, this is not yet the answer to the original question. Therefore, the teacher leads
the pupils to comment on the predictions in task 4b (Leaves of trees do not pass light and
therefore do not create a darker shadow when covered). By formulating the statement, the
teacher creates a pattern in predictions. The task of pupils is to express their consent or disagreement with such a formulated prediction. Consequently, the teacher leads the pupils
to try to suggest a procedure by which they can see if the leaves of the trees are translucent
(not transmitting light). It will give the pupils in the groups enough time to devise a procedure that is sufficiently trustworthy and convincing (it will unequivocally determine
whether or not the light gets through the leaves). They present their designs to each other
and choose the one that will provide the most convincing results for implementation. Part
of the preparation for exploration is also writing a set of tools to learn how to plan their
own research activities better.
The most obvious is the transparency of materials, pupils shine at sheet from a certain
(even zero) distance to see if light is visible through the material or not. Subsequently, they
observe diverse leaves, either on the samples brought by the teacher; on house plants in
the classroom or outside in the school yard. The teacher can also encourage pupils to try
(within homework) to find leaves that do not let the light go. The result of their investigation will be the discovery that the leaves of the tree are light transmitting. Consequently,
they can return to the original call (Concept Cartoons method) and state which statement
is in line with reality.
An important part of the activity is the creation of a conclusion. The conclusion is formulated by pupils in group interaction. The teacher directs them to include an assessment
of the prediction and an answer to the original research question that emerged from the
picture.
What pupils have found in this research task is going to be applied in task 4c. Their task is
to create a prediction of what material and color it is appropriate to make umbrellas. The
teacher directs the pupils to try to use the results of the research from previous tasks (for
example, that under dark materials is warmer, translucent materials do not produce as
dark shadow as non-opaque materials, etc.). Therefore, in addition to the prediction itself,
the leaders of the leadership are also required to justify their predictions with the conclusions of previous research investigations.
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Task 4c represents the form of open inquiry, only the research challenge is given, and the
pupils make predictions, and the procedure itself, how to verify the predictions. Given
that this research challenge is based on a prior examination of the relevant phenomenon,
it is possible to ask pupils to make predictions, justifications and suggestions for a process
to verify their predictions within homework and to discuss in class discussions with them
what they have designed and are looking for the best way to verify their predictions.
Subsequently, the investigations will be realized and the research problem will be evaluated in the form of a conclusion. Again, it is important to point out that the conclusion
must include, in addition to assessing the predictions, the answer to the research question,
in which case it is a statement of what materials are appropriate for the construction of the
umbrellas. The conclusion of the investigation should be substantiated by the outcome of
the investigation. This means that pupils should indicate on the basis of what they claim.
In doing so, they learn to argue facts and thus carry out an objective investigation.
At the end of the set of activities, which are focused on shadow research (tasks 1–4), it is
advisable to discuss with the pupils what new they have found. In principle, pupils find out
how the shadows are formed, which leads them to realize that light does not get beyond
the objects, creating shadows, places behind objects where there is less light than around.
The teacher asks the students what they think is happening with the light when it falls
on the objects. Also, in the previous investigation, they found that if the object is dark in
color, the light causes the objects to heat, i. it seems to be turning into heat. It is not the
case with bright objects. Therefore, in the next set of activities, they will explore what is
happening with light when it hits shiny and bright surfaces. Pupils will examine how the
light behaves when it hits the mirror. In addition to finding the basic rule of light reflection from flat surfaces (creating aobject image in the mirror), pupils also find that light is
responsible for seeing objects. For example, if objects are around the corner, we cannot see
them because the light travels through the space straight and so the light reflected from
the object around the corner does not have to get into our eye and so we do not see it. It
is precisely this influencing of materials with light that is very important for the development of this key theory (a great scientific idea).

Task 5
Materials and tools for a working group:
• coin, 2 mirrors
The teacher begins the educational situation by suggesting an activity in which pupils observe how the image of the coin in the mirror is created. Their task is to put two mirrors
together and put a coin between the two mirrors (see Task 5a). First, they spontaneously
observe how many coin images will appear in both mirrors. The number is written to the
first column. Then the teacher directs the pupils to try to put the mirrors closer together
(as shown in the second column in the table; they still touch the edge) and re-count how
many coin images they see in both mirrors. After counting, they generalize the conclusion
about when we see more and when less coins.
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Consequently, the teacher can lead the pupils to try to work with the situation to get even
more coin images in the mirrors (task 5b). Pupils draw the position of mirrors and coins
when they have acquired the most images of coins in mirrors and compare this situation
to those examined in task 5a. At the same time, the teacher inspires pupils to study more
precisely by asking other questions to determine whether the amount of coin images in
mirrors depends on the coin size and/or the size of one or both mirrors. The results of the
examination are recorded in groups in the table in task 5b in the form of a conclusion.
They compare the results between groups. The teacher then asks if all the coins observed
are images of the same reality.
These two tasks are followed by a third one, in which the teacher encourages the pupils
to try to draw a hypothetical situation based on the results of the examination of previous tasks, where an infinite number of coin images could be created in two mirrors. In
addition to designing mirrors, it is the task of pupils to justify their predictions by logical
reasoning based on what they have learned about this (For example, pupils can claim that
mirrors will reflect the coin indefinitely when they are facing each other, ie when they are
parallel to each other) and the coin will be between them, for example, in the hairdressing industry, where they saw their picture in two mirrors placed on opposite walls of the
room.). Finally, the teacher discusses with pupils how to see as many single coin images
in two mirrors, knowing that we can only create one coin image at a time with one mirror
(two should only be able to create two coin images).
The fifth task is in principle aimed at developing a precise investigation by observing
a simple reality. In this way, we develop an attitude towards exploring the commonly observed phenomena – pupils get the notion that the phenomena that surround us are still
interesting to explore and something new can always be found about them.

Task 6
Materials and tools for a working group:
• torch, colored sticky papers (to mark points on the wall), mirror, material and tools designed by pupils (probably boxes of juice, scissors, mirror, plasticine, scissors,
adhesive tape, mirrors, etc.).
The sixth task is to explore how light is reflected from the mirror. Among other things,
pupils find that light goes straight through space and can be diverted by objects that reflect
light more than they absorb. In task 6a, the teacher guides the pupils to mark four points
according to the drawing in the task. If the room is wide and the light source (flashlight)
does not reach the other wall, it is advisable to replace the second wall with, for example,
a vertical canvas or a board. It is the task of the pupils to point the flashlight to point 1 and
try to redirect the light through the mirrors so that the flashlight shines progressively to
points 2, 3 and 4. First, the pupils think hypothetically and make predictions. They try to
plot how many mirrors they need and where and how to place them. Subsequently, they
try to confirm their thinking about this situation by practical implementation of the situation.
96

I – S.K.Y.P.E. Methodical Handbook for Teachers
2. Objects can affect other objects at a distance

Pupils draw the observation into the second column. By comparing the predictions with
the result of the observation they formulate a conclusion, which includes a description of
how the light behaved during the journey through the space. Pupil answers may vary, the
condition being that the conclusions drawn are based on the observations they have made
and are consistent with the findings. Subsequently, the teacher discusses with the pupils
whether it is possible to look around the corner without a mirror, leading them to another
research task.
In Task 6b, pupils focus on how periscope works. First, the teacher discusses about pupils
prior knowledge about periscope – where it is used, how it works and whether it has ever
been used. Then they focus their attention on the picture, where a simple periscope is
shown schematically. The task of the pupils is to think about how the image (in principle,
the light carries (represent) the image) of the object gets into the eye of the person when
using the periscope in the way they see in the picture. In the periscope scheme, they try to
indicate where the light travels and how it is reflected from the periscope mirrors. The aim
of the task is to show the students the principle of periscope operation in a way through
which they perceive how the periscope must be constructed.
Pupils express their own understanding of the periscope function by solving a partial task
in which they are asked to mark the objects behind the wall, which the observer will see
by such a periscope (they refer to some of the following: flower, tree and its parts, cherries
in the tree, spider web and spider, ants and butterfly). The pupils will then be able to mark
the selected objects under the picture. After an individual (or group) solution of the task,
the teacher and pupils discuss their solutions, thus creating a research question for further
research. The teacher asks the pupils to try to make the periscope out of the available materials and to see if they will only see some items or all that is behind the wall.
In the task 6c, pupils create their own periscope. In addition to finding out how to construct
it to see behind the wall, over water or around the corner, pupils also find out whether
a person (or his eye) can be seen in the periscope, watching us if we look into the periscope of the opposite sides (see Figure 6c). We reserve enough space for pupils to design their
own periscope, or we will ask them to think about the design within their homework. If
a teacher wants to help pupils to create a periscope, they can push some suitable materials,
such as boxes of juice, scissors, mirror, plasticine. More activity develops the pupil‘s scientific thinking when he / she has to think about what different tools he / she will need. They
have to think not only about the basic construction materials (mirrors, suitable box), but
also about the tools for the treatment of these materials (scissors etc.) and about the connecting materials (egplasticine, adhesive tape, etc.).
Pupils create periscope. They modify it until it is functional. Subsequently, they use the
created periscope to verify what they can see when they lift it above the wall (for example,
whether it is possible to see objects that are just below the wall). They then also see if they
are seen from the other side of the observer. The teacher will use the results of this observation to explain that light is reflected in the periscope reflected from the objects we see. If
the object is not straight ahead of the periscope, we do not see it because the light reflected
from this object does not reach the periscope. Pupils can try to explain why to see the eye
of an observer in the periscope if we look at it from the other side. They will record what
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they have learned to be essential to the periscope design (when it works and when it no
longer works). For example, periscope mirrors must be parallel to each other and below.
Pupils apply the result of the periscope examination in task 6d, where they focus on finding out if someone is observing someone using a mirror, for example, around the corner,
whether the observer sees the observer in the mirror. Pupils suggest a way to find out.
They implement the proposed procedure and formulate the answer to the question based
on the results obtained.

Task 7
Materials and tools for a working group:
• mirror, spotlight, 3 different cards (pictures)
In the seventh task, pupils observe the same phenomenon as in the sixth task, but while in
the sixth task they observed the reflection of light from a mirror in the form of a perceived
image of an object in a mirror, in the seventh task they examine how the light itself reflects
off the mirror. Task 7a makes the generalizing rule visible, which in some ways perceived
pupils in previous tasks. In principle, pupils have to realize that how the light bounces
off the mirror depends on how the light falls on the mirror. The more slant it falls on the
mirror, the more slant it will be reflected (given that the pupils do not yet dispose with
term angle, it is possible to use the simplification that is typical of the expression of this
observed phenomenon of primary school pupils).
The teacher suggests to the pupils to better explore how the light is reflected from the mirror. It is advisable to do investigation in a slightly darkened room. It will also help if the
pupils‘ space around the worksheet (task 7a) is sheltered by books, for example. For clearer
results, it is advisable to use spot light, spotters are suitable as well. It is also important to
realize that the path through which light travels is not seen if we do not see it impacting on
objects. Therefore, it is good to shine not only on the mirror but also partly on the paper to
make it clear where the light travels. It also helps if the edges of the paper on which the lines from the mirror are marked with letters (A, B, C) are set up by the pupils. The reflected
light will point to a particular letter, depending on which line we glow towards the mirror.
Pupils in task 7a work directly with a worksheet. They place a mirror perpendicular to the
paper on the marked area on the worksheet toward the indicated lines. Then they shine in
the direction of the lines 1, 2 and 3 and watch how the light is reflected (in the lines marked A, B and C). Their task is to see how the light is reflected if we point it towards the mirror in line 1, then 2 and finally 3. The results will be recorded in a table in the worksheet
and attempted to draw a conclusion. Pupils find out that light reflects still under the same
principle. The principle will be examined in task 7b, where their task is to assume first how
the light is reflected from the mirror towards the three cards marked with digits from 1 to
3. The aim of the task is not to measure the angles of the pupils. Image can be resolved by
approximate determination. They will then try this situation. As in the previous task, it is
also advisable to use a light source whose light is not very distracting, preferably a point
tactical light or a light pointer.
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At first glance, in the second part of the table, the situation is the same, but we do not shine
the flashlight on the mirror, but we are looking at it. Again, it is the task of the pupils to
make the prediction that they will see all the cards or just some. They then verify their predictions. Verification can also be carried out with the help of one card, which we gradually
move and find out when we see it in the mirror and when not. After the examination,
the teacher leads the pupils to draw conclusions. The goal was to make the pupils realize
that we see objects in the mirror because they reflect the light that then comes into our
eyes. In complete darkness, one cannot see anything, but that does not mean that objects
cease to exist. Sight uses the presence of light in the environment to identify what is in the
environment. Thus, light acts remotely on human eyes, causing objects to be seen. Most
objects only reflect light, but many objects light and radiate (for example, sun, stars, bulb,
fire, screens, locust flies, and the like).

3.5 Working with ideas about sound
The following set of tasks is aimed at developing pupils‘ ideas about sound and its affect at
objects at a distance. Pupil‘s attention is focused on the way the sound is created and how
it is propagated in the environment, and then the way the sound disappears in different
materials. As a result of the tasks, pupils perceive sound as another way of effecting objects
at a distance.

Task 1
Materials and tools for a working group:
• worksheets
The first task is to identify sounds and how i tis possible to create them. It is not appropriate to ask pupils what a sound is. It is a conceptual question that can be answered by a person who has already developed an idea of the origin, transmission and disappearance of
sound in the environment. Therefore, the teacher identifies the pupils‘ ideas about sound
by leading them to try to name the sounds they just hear in the classroom. They put it in
the first column of Table 1 and think about how these sounds come together. The conclusion of the discussion should be a generalized statement about how sounds are made.
In principle, sound is created by rubbing, banging, shaking materials and objects. For
example, water does not emit any sounds until it moves. However, when it is poured or
thrown into it, we can quite accurately identify it as water. It is appropriate if the pupils
formulate their own conclusions. At the same time, they try to identify sounds that would
arise in disagreement with the conclusion they formulated.
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Task 2
Materials and tools for a working group:
• ruler, wrist watch (or alarm clock), board, string (or ruler)
The second task is to explore how the generated sound spreads in the environment. Pupils
observe wristwatch ticking or alarm clocks using a desk or a long ruler. The teacher shall
indicate the situation in which the pupils are to ascertain the distance from which the
alarm clocks begin to tick if they have an ear attached to an object (table, board, ruler)
on which the clock is not attached. It is the task of the pupils to find out whether they are
ticking the clock from the same or different distance. At the same time, the teacher encourages pupils to make interpretations. The investigation should show that the air is getting
worse through the air because the clock is less distant than the table, board or ruler.
The task also includes a subtask in which the pupils‘ task is to determine whether different
pupils are able to hear ticking watches from the same distance or from different distances.
Alternatively, it is possible to test one and the other ear and conclude whether both our
ears perceive sounds as good.
In particular, this task develops pupils‘ precise work in research, namely the development
of competence to measure. In order to develop competence, the teacher must emphasize
a truly precise measurement of the distance from which pupils can hear the watches. For
example, it encourages pupils keeping his / her eyes closed while trying to observe the
sound of watches while other schoolmate tries to move them in small pieces toward the
observer. Repeated measurement is very important in this case, so there are two columns
in the table for task 2b for the distance the pupil hears from. If there are large differences
between the two measured values for the same pupil and the same ear, the observation
should be repeated until the result can be trusted. It is also important to create appropriate
conditions for exploration. The object on which the watch is stored must not touch the
classmates during the observation, there should be adequate (still the same) silence and
the like in the classroom. After obtaining the results, pupils try to draw a conclusion based
on the data in the table.

Task 3
Materials and tools for a working group:
• string, thread, wire, rubber band, gauge, scissors, metal hanger, pencil
Task 3 aims at exploring what kind of material the sound spreads better. What pupils find
depends on what materials the teacher provides. In the previous task, they found that
sound is better propagated by solids than air. In this task, they will explore the various
solid materials and determine what properties have solid materials that make the sound
better. First, they will introduce them to a situation whereby they will be able to explore
the sound distribution through various materials. He shows them how to cut 60 cm long
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string (all groups start with plain string). A metal hanger (disposable hangers from the dry
cleaner) hangs into the center of the string and wrap the ends of the string several times
around the index fingers. The pointers are inserted into the ears to ensure good contact
with the ear (just enter the ear, no need to insert the ear in the ear). The hangers let loose
on the spaghetti in the forward bend. For example, a classmate in a peg hacks a pencil or
scissors. The pupil observes how the sound is transmitted by string. He alternately tries to
have the string attached to the ears once and not once attached (toes to remove the fingers
from the ears). Pupils record the result of the observation in the conclusion of the study,
and their teacher guides them to compare the results of this examination with the previous
one (Task 2). Subsequently, the teacher will give the pupils different materials (task 3b):
thread, elastic band, wire, wool and the like, and asks pupils to try to create preconditions
for which of these materials will work to transmit sound similar to string and which better
or worse . Part of making predictions is to justify claims, i. the teacher tends to ask pupils
what they think is the material they are choosing to behave as they expect.
After making the predictions, the pupils verify them. The teacher points out that they try
to create the same conditions for examining all of the materials listed, for example, it is
important to use the same piece (always 60 cm) from each material, wrap them around
the fingers as well, pound the hanger with the same object and repeat the observation so
that research.
If the teacher wants to develop the ability of pupils to propose the process for prediction
verification, they will create room for their own suggestions and then discuss the proposals with the pupils, while emphasizing that the pupils correctly grasp the experimental conditions as explained above. After verifying the predictions, the teacher guides the
pupils to answer the research question. Reminding them that their job was to find out
which material was spreading the sound better. The task of the pupils is to compare the
properties of the materials by which the sound is spread well (for example, wire, thread)
with the properties of materials that do not spread the sound as well (for example, rubber
band, wool).

Task 4
Materials and tools for a working group:
• 2dcl or 3dcl plastic cups (10pcs), sting, thread, wire, rubber band (eg hat), wool, scale,
scissors
Pupils can also examine the findings of task 3 in task 4, or the task 4 can be perceived as
an alternative approach to the development of the same idea of spreading sound through
different materials. In the fourth task, the pupils first create a „string phone“ using string
and two plastic cups. Pupils find that if the string is straight, it works, which means that
the string is transferred from one cup to another. This part of the activity is, in principle,
a stimulating situation that confirms what pupils have found in the previous investigation.
The research challenge is to find out what would be possible to replace the string in order
to make the phone work better (i.e. to make the transmitted sound clearer and louder).
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Pupils make predictions about the different kinds of substitutes for string. If they also
performed task 3, they justify the creation of predictions as a result of the examination of
the third task. If they did not implement the third task, the predictions justify previous
experience.
After making the predictions, the pupils are dedicated to its verification. The teacher makes sure that the correct conditions of experimentation are observed. This means that if
pupils want to compare which of the two materials is more suitable for the creation of
a string phone, they must create two phones that differ only in the quality of the string
(they are made of the same containers, the same way, the only difference is string quality). Both phones are in their hands and use them alternately, preferably by the same ear.
Precision is a typical characteristic of a scientific approach to the research we want and
can develop in this age. They record the results in the verification section and formulate
a conclusion based on these results. Part of the conclusion is the answer to the question of
what features should the string, which transmits sound better.

Task 5
Materials and tools for a working group:
• 2 pieces of smaller plastic cups (eg 2dcl), 2pcs larger plastic cups (eg 5dcl), 2 pcs of cans
(eg from sterilized vegetables), 2pcs of hard plastic cups, measuring tape, scissors
Task 5 builds on the task 4. While in the previous task pupils were trying to investigate
which material (string) the sound is being transmitted better, in this task they try to improve the string phone by replacing the plastic cups. Pupils perform the task in the same
way as the previous one. It is important that when comparing original cups and their alternative substitutes (for example, paper cup, can, hard cup), all other conditions are kept the
same. For example, in this case they must use the same length of string of the same quality
on both phones that they know to transmit the sound. They will conclude the investigation. They also wonder if the cup in the phone is of any significance, just use the string.
After the investigation, the teacher encourages pupils to try to investigate when the string
phone works and when not. It leads them to characterize how to use a string phone to hear
each other and when they no longer hear. For inspiration, he can suggest different interventions – for example, cutting the string and rebinding it; catching string during phone
calls; telephoning through closed doors, etc. The results of investigation when the sound
transmission stops will be recorded on the worksheet in Task 5, based on what they found.
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Task 6
Materials and tools for a working group:
• box, newspaper, wadding, puffed rice or popcorn, wool or knitted sweater, sand, cellphone (or other sound-generating device)
At the end of the fifth assignment, pupils are concerned at finding out how to stop audio
transmission through material. One of the things that pupils usually find is that if we grab
the string by hand, the sound in the hand is „lost“, the sound transmission stops, which
can be felt in the palm of your hand so that the gentle shake of the palm comes from where
the glass speaks and no longer comes out of the other side of the palm.But if we place the
palm of the hand gently, we can feel the tremor (sound) passing through the entire palm.
In the following task, pupils will focus on exploring what material can be used to dampen
the sound best.
First, pupils can try to dampen the alarm or phone by hiding it in a classroom under or
behind different materials, but then the teacher leads them to targeted observation by
making predictions about specific materials. Pupils solve the task of 6 of the worksheets.
Since it is necessary to observe precisely (for example, we need to use the same amount
– thickness, materials) for the actual finding of which of these materials is a better sound
insulator, the teacher discusses with the pupils how it will be necessary to implement the
procedure to find out which of the materials dampens sounds best. It is important to note
that the more material we put on the item, the better the sound is reduced. Therefore, if we
want to find out which material dampens the sound, I need to compare the same amount
of material. This ensures that the material is placed in the same size container. Even if the
teacher suggests a way to do the research, he will make sure that the pupils understand the
relationship between how they will observe and what they want to find out by themselves.
Emphasize the research question: Which material will silence the best? He then explains
to the pupils that they put a cell phone into the box and find out from which distance the
sound is no longer heard and mark the distance with the string. He explains the procedure before creating the preconditions for the pupils to know how they will verify their
predictions. They can create the prediction by designating an item they think will dampen
the sound best (they will only hear it from a very close distance), or the teacher will also
determine the ranking, for example, of the first three materials, with the pupils‘ task in
writing the material that they think will be best to dampen the sound, two to the one that
will also be good, but not as good as the one they put first and so on.
After making the predictions for the individual materials listed in the table to task 6, the
pupils fill the box with the indicated material and insert the ringing cell into the material
(trying to center it) (the teacher emphasizes that they must always use the same melody
and the same volume). Then they will move away from the box and see if the material has
muted the sound (only from a smaller distance compared to when the cell was in a box
without material) or not. Gradually, they make markings on the floor using a piece of
observed object that they place at a distance from which they no longer hear the sound
and fasten it to the floor with a piece of adhesive tape. After making all the observations,
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they will evaluate which material is the one that dampens the best; i the one whose mark
is closest to the box, thus evaluating the research question.
After the assessment, the pupils try to formulate their own conclusions, based on the results obtained. They compare items that dampen sound better with those that did not
work very well and try to identify those material properties that cause sound damping – i.
they try to characterize the properties of a material that dampens sounds well. Consequently, the pupil‘s teacher can lead them to find out more on the internet what materials are
used in the building to attenuate the sounds.

Task 7
Materials and tools for a working group:
• drawing paper A4 and A3, string, adhesive tape (glue)
The teacher will provide the pupils with instructions for creating a paper cone from the A4
drawing paper so that it has a narrow mouth on one side and wide on the other. They also
create a cone (megaphone) from a larger drawing (A3). The teacher guides the pupils to
make predictionsabout whether or not they will be able to use the cone to learn how to use
them (the various options are listed in the tables in task 5, where pupils create predictions
or indicate the possibility for which they think they can help them hear the sound from
the box from a distance). Then the pupil‘s teacher leads them to find out how it really is. It
will warn them of the distance from which the observation must be made – a mark created
on a spaghetti which indicates the place from which we can no longer hear the sound in
the box. In the verification, quiet in the room is very important. Gradually, with the help
of a teacher, the student verifies which of the two megaphones and how it is used to ensure
that we hear the sound from the box from a greater distance than without the cone, and at
the same time when we hear the sound from the box from a distance.
The teacher puts the results of the investigation into the context of use of palms to reach
people for longer distances, whispering as well as listening. The research will show that
using a megaphone can enhance the sound distribution through space to a greater distance, and it is also possible to hear sounds from a greater distance using a megaphone.
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CHANGING THE MOVEMENT OF
AN OBJECT REQUIRES A NET
FORCE TO BE ACTING ON IT
1. INTRODUCTION
1.1 Characteristic of the idea
Harlen (Harlen, ed., 2015) characterizes this idea as follows: A force acting on an object is
not seen directly but is detected by its effect on the object’s motion or shape. If an object
is not moving the forces acting on it are equal in size and opposite in direction, balancing
each other. Since gravity affects all objects on Earth there is always another force opposing
gravity when an object is at rest. Unbalanced forces cause change in movement in the
direction of the net force. When opposing forces acting on an object are not in the same
line they cause the object to turn or twist. This effect is used in some simple machines.

1.2 Suggested level of preconception development for primary level
In the younger school age (7–11 year olds), which corresponds to primary science education, (according to Harlen‘s concept of developing Big Ideas of Science), pupils should
already understand that forces can push, pull or twist objects, making them change their motion or shape. Forces act in particular directions. Equal forces acting in opposite
directions in the same line cancel each other and are described as being in balance. The
movement of objects is changed if the forces acting on them are not in balance. The
speed of a moving object is a measure of how far it would travel in a certain time. How
quickly an object’s motion is changed depends on the force acting and the object’s mass.
The greater the mass of an object, the longer it takes to speed it up or slow it down,
a property of mass described as inertia.

Scientific content in key words:
Simple machines
lever
pulley
inclined plane
wheel and gears
pendulum
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speed of movement
acceleration and deceleration
inertia
friction

2. SCIENTIFIC BACKGROUND FOR TEACHERS
2.1 Force and movement
Force and movement are dealt by area of mechanics, which is considered a key area
of physics. It is possible to claim that everything in the universe is moving. It can only be
a very small movement and a very slow motion, but it is happening. Physics of Movement
deals mainly with forces. If we want to move the object or change its movement, we need
to affect the object by force. No motion is done by itself, it is always a change in the effect
of forces on a given object. Changing the effects of forces on an object can cause a change
in its direction of movement and / or a change in the speed of its movement.
Speed,
acceleration,
mass and
momentum
of a moving
object

When changing movement, the speed, acceleration and weight of the object must be
taken into account. The speed of an object reflects the way the object travels over time.
Acceleration expresses how the speed of movement of an object has increased over time.
The movement of objects also depends on their weight. Weight is the amount of material
that an object is made up of (expressed in kilograms, grams). So, for example, a moving
car has a certain speed, acceleration and weight. These qualities must be taken into account when assessing its movement, especially when trying to change its movement, for
example, when trying to stop the car.
Both speed and acceleration are of vector character. TThey are characterized by size
amount and direction as well. The easiest way to explain this is by using arrows. The arrow
determines the direction of the speed, and its length determines how fast the object moves
in a particular direction. Acceleration is also a vector quantity. The object accelerates when
both acceleration and speed are in the same direction. If the direction is opposite, the object slows down. Specific is the so-called constant acceleration.Acceleration is constant
when a constant force is applied to an object. An example of constant acceleration is
the so-called the gravitational acceleration that results from the Earth‘s constant gravitational force. Gravity acts on the object with constant force in the direction of the planet
Earth‘s center. The gravitational force of the Earth decreases as the distance from the planet‘s surface increases. It is also interesting to note that the gravity of other planets differs
from Earth‘s Gravity, as the planets may have more or less weight than the planet Earth.
Therefore, objects in the fall accelerate differently to Earth and comparing to other planets.
If we multiply the speed of the object by its mass, we get another vector quantity – momentum. Momentum always has the same direction as speed. In principle, this quantity
expresses how difficult it is to stop a moving object. For example, if a person runs 10 ki-
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lometers per hour and weighs 50 kg, his momentum is 500 kg.m/s. If flying ball weights
1 kilogram at a speed of 10 kilometers per hour and it hits, it hits us less than the ball that
weighs more and/or moves faster. The momentum of such a ball is 10 kg.m/s.
Even very tiny objects (light ones) can hurt us more than large objects (heavy ones) if their
speed is very large. A typical example is a bullet fired from a gun. The bullet itself is very
light and if anyone just throws it, it won‘t hurt us at all. It is the momentum that causes
injuries, while the large charge momentum is due to the disproportionately larger portion
of the bullet, not its mass. The opposite is true as well. Even very slow moving, but heavy
objects can hurt us, for example, if we pinch our fingers under moving wardrobe.
The momentum of the object represents the kinetic energy of the object. This is also
maintained if such an object encounters an obstacle and bounces off it. However, this is
only true if it is an ideally flexible object. The momentum of an object with ideal elasticity
changes the momentum of the object, but only in the direction of its action. The momentum remains the same, only the direction in which the object moves is changed. In principle, the ideal flexibility does not exist, we know only objects with different flexibility. The
less flexible the material is, the more kinetic energy itlooses when bounced.
The ideally flexible and ideally inflexible impact of the object and the impact on the momentum are shown in the figure. Since there are no ideally flexible and inflexible materials, it is not possible to demonstrate this phenomenon, but differences between very high
and very low elasticity objects, such as a ping-pong ball and plasticine, can be observed.
If we throw a plasticine ball on the ground, it will remain deformed lying on the floor. Part
of the kinetic energy of plasticine has turned into heat (plasticine is slightly heated) and
sound (vibration on the floor and sound waves in the air). Since the speed is zero after
impact, the momentum is zero. Kinetic energy has not disappeared, it has just turned into
another form of energy. The more flexible the material, the more energy remains in the
form of kinetic energy, for example, a ping-pong ball, unlike plasticine, bounces off the
obstacle.

Pic 22: Dopad a jeho vplyv na hybnosť

Based on a long-term study of movement, the basic principles of movement and changes Newton‘s Three
in movement, which we also call motion laws, have been defined. They were formulated Laws of Motion
by Sir Isaac Newton. In addition to the basic three laws of motion, we also know others that
are related to specific cases of motion, such as motion at the speed of light, and also motion
in the microworld, at the atomic level. Consequently, Newton‘s laws of motion cease to
apply in these specific situations.

107

I – S.K.Y.P.E. Methodical Handbook for Teachers
3. Changing the movement of an object requires a net force to be acting on it

The First Law of Motion tells us that a moving object is moving in the same direction
and at the same speed until a force acts on it. This means that if we kick the ball, it will
fly at a constant speed infinitely until another force acts on it. Although at first glance this
law is not in line with reality, it is absolutely true. After kicking the ball, the forces on the
moving ball act to slow it down and then fall. For example, the Earth‘s gravitational force
pulls the ball down (this force acts on the ball while it lies), but also rubs on the air in
which the ball moves.
The second motion law explains that the heavier object is, more power it will need to
make to move the object (F = m.a). Among other things, it means that the more you kick
the ball, the further it will fly. Thus, if we apply the same force to two objects of different
masses, they will accelerate the object, which is more massive.
The Third Law of Motion explains that each action produces an equally great but opposite
effect. This means that at each moment there are two forces interacting with each other. In
the example with the ball, this means that when we put the power to kick the ball, the ball
is equally forceful on our foot, just in the opposite direction. Especially when we kick the
ball with our fingers. The force the ball exerts on our foot may be so great (depending on
how hard we kick the ball) that it will cause a finger to break. The third movement law is
more visible, for example, when shooting from a cannon (but also from other firearms).
The explosion is the supplied cannon ball force, which is fired in a certain direction by the
cannon. However, the cannonball on the cannon is equally powerful. The cannon moves
in the opposite direction to the fired cannonball, but not as fast as the ball itself, because
the cannon is much heavier and therefore more power is needed to accelerate it than to
accelerate a much lighter cannonball.
Simple
and compound
motion

There are two explanations of final (resulting) movement of objects. The first view resolves the movement as a straightforward displacement, whereby the displacement speed
can be constant, but due to forces acting in the direction of movement or in the opposite
direction, the object can move more slowly or faster. More complicated is the movement
in which the object changes its direction of movement. For example, rotating objects or
a ball thrown by an slanting throw. Even with such movements, force must be applied to
the object, but it does not act in the direction of movement of the object (or upstream) but
at a certain angle.

Active
and stored
energy

To explain why things are happening around us, we use the term energy. We know different forms of energy, such as solar, atomic, electrical, chemical, and the like. When
we apply force to an object, we change its energy. This energy is used either to work
the object or to accelerate it. Energy, unlike motion (vector quantity), has no direction.
These quantities are scalar quantities. In connection with forces and movement we talk
mainly about kinetic (motion) energy, potential energy and energy of strings (energy
of elastic materials). Energy cannot be felt by touch or otherwise perceived, it is just
something through which we explain how things are happening around us. Energy is
measured in joules.
The movement and its explanation is related to the conversion of potential energy to kinetic. When the object moves, we say it has kinetic energy. Potential energy is „stored“
in objects and its size depends on the object itself, but also where and how it is located.
A classic example of potential energy is the effort to lift a brick. When the brick is on the

108

I – S.K.Y.P.E. Methodical Handbook for Teachers
3. Changing the movement of an object requires a net force to be acting on it

ground, it has a certain amount of potential energy. When we lift a brick, we exert a certain force on the brick, we work. This work has added extra energy to her potential energy.
The higher we plot it, the more energy we add. When we release the brick from above,
the brick can, by its energy, affect other objects, for example, it can break something. This
means that the brick we brought up there and holds it has more potential energy than the
brick that lies on the ground.
Working in the physical sense of the word happens when the force we are exerting on Work
the objects causes them to move. The amount of work done is obtained by multiplying
the force exerted by the distance by which the object moves (W = F.d). Thus, work is measured in newton-meters, which is the same as joules. This means that the unit of labor and
energy is the same. Force and work are not the same. For example, if we hold a brick in
the outstretched hand, the brick will gradually become heavier and heavier, even only by
our feelings. We exert specific amount of force to keep the brick, but as the brick does not
move, we do no work. When our hands get tired and we put the brick and lift it again, we
do the work. We do less work when we consider a brick and when it is raised. Despite the
fact that the path that the brick passes through when laying and lifting is the same, when
lifting we must use more force (to counteract the effect of gravitational force) and therefore the resulting work is greater when lifting than when laying bricks. Since the term work
is also used in normal speech, it is important to distinguish the physical quantity from
the commonly used term work.
Friction is a force that slows the movement of a sliding object. Friction occurs where- Friction
ver two objects come into contact. The friction force always acts in the opposite direction
to the sliding direction of the object. To stop the car on the red traffic light, the car stops
due to the friction of the brakes (pads, discs) by the moving wheels. If we run down the
hill on the asphalt road and want to stop, we can do it by rubbing the shoes on the
asphalt. However, if the asphalt is wet, or if there is a thin layer of mud on it, we will not
stop so well. Similarly, with the car moving on the road. The friction is high on the dry
road, the friction is lower on the wet and therefore the car has a longer stopping distance. If the wheels are in a thin layer of water, they may lose contact with the asphalt (the
friction is lost because the wheel is not in contact with the road and so it cannot be called
friction) and braking is ineffective – then we are talking about aquaplaning.
The amount of friction between the two surfaces depends on how much the two surfaces
are pressed together and to what extent the surfaces are rough. Friction acts against any
movement. It is the resistance that occurs when two surfaces rub against each other.
No surface is perfectly smooth. Tiny indentations or protrusions, and of course larger
ones, on the rough surfaces, interlock with each other, creating friction. In addition, physico-chemical interactions of molecules of two mutually rubbed surfaces often act on the
contact of two surfaces.
Friction can be measured. Its size depends on the materials that slide against each Měření
other. For example, concrete on concrete has a high coefficient of friction. The friction třecí síly
coefficient expresses how easily the object moves relative to another object over a certain surface. If the coefficient is high it means that there is high friction between the
materials. While concrete has a high coefficient of friction, for example teflon has a low
coefficient of friction for all materials. Even lower friction coefficient have our joints.
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Friction generates heat. The amount of heat generated depends on the magnitude of the
friction force. This means that more heat is generated when rubbing materials with high
friction coefficient. Sometimes we can use this phenomenon (for example, we can warm
ourselves by rubbing our palms together), but mostly friction causes unwanted heat. For
example, various complex machines, such as car engines, contain many components that,
when they work, rub against each other. This friction (in addition to components such
as brakes), we try to reduce as much as possible in the engines. In addition, by directly
rubbing the metal parts together, the components themselves can wear, a large amount of
heat is generated by friction, which can cause local expansions of the components that can
then jam. Therefore, we use different procedures to reduce friction. If the friction is very
high in addition to heat, sparks can be observed (for example, when using a circular saw,
see picture, or when the train is suddenly braked on rails).

Pic 23: Kotoučová pila
Reducing
friction

Sometimes we need friction and sometimes we try to prevent it. A good example is the
operation of a wheel or ball. In this case, it is a change of friction by sliding to friction
by rolling. This friction always has less value. Their shape causes them to roll (not slide)
and the result is that friction is reduced. This principle works well, for example, by simply
laying marbles under heavy loads, but also by attaching different wheels on the axle fixed
freely on the load. A more refined idea is the ball bearing. Between the two surfaces on
which we want to reduce friction, we put a set of beads of sufficiently strong material. In
principle, the surfaces do not rotate as the balls rotate one by one and the friction of the
two surfaces is significantly reduced. Some toys, such as a spinner, also work on a ball
bearing principle (see picture).
Lubricants are often used to reduce friction. They are liquid to semi-liquid substances
that fill small irregularities in the surfaces and thus the two surfaces move more easily against each other, friction is reduced. Lubricants are liquid but must have a higher viscosity so that they do not run off the two surfaces. The problem is that many substances have
suitable friction-reducing properties when they are at room temperature, but lose their
viscosity by heating, are more fluid, and escape very quickly (even by object movement)
from the interface of the frictional surfaces (e.g. pork ointment). Therefore, it is not easy
to find a substitute for lubricants that are used in a professional manner (e.g. petrolatum)
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Pic 24: Kuličkové ložisko, fidget spinner

Another way to reduce friction is to change the materials that are in contact while sliding. For example , steel moves with very low friction on ice. If we reduce the contact area
(we create a kind of blade, for example, in the case of skating), the friction of these two
surfaces is greatly reduced. On the contrary, if we don‘t want to slip on the pavement, we
use rubber soles. When rubbing rubber and asphalt, there is a great friction and therefore
this shoe is very suitable for the movement in which we need friction. As mentioned, friction reduces the efficiency of the machines by losing force (and thus causes loss of energy).
In addition, friction generates heat that must be discharged from the machine. However,
not all friction effects are undesirable. Friction, for example, allows you to reduce the speed of a bicycle, cars, allows us to walk, run, but also write on paper.
Frictional force is generated only by the friction of solids. However, by moving in gases Air resistance
and liquids (in liquids), the movement of the object itself slows due to the resistance of
these substances to the moving object. If the fluid in which the object moves is called
air resistance. Air resistance, for example, causes thatmovement of an asteroid entering the
earth‘s atmosphere causes compression of the air molecules, as it moves at high speed. This
compression causes heating of the air as well as the meteorite itself. If the meteorite is small,
it can also burn in the atmosphere due to this heat.

Pic 25: Odpor vzduchu

Air resistance is used, for example, in the construction of parachutes. On the contrary,
we need to reduce air resistance if we want objects to move in the air as quickly as possible,
with the least possible force to accelerate – for example, in the construction of aircraft, but
also in cars and ships. In the construction of these devices are used so-called. principles
of aerodynamics – motion in fluids (liquids and gases). For example, new car body models are tested in a wind tunnel to measure the air resistance that arises when the car moves
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against the air stream. That is why the cars have the same shape as they do. The figure shows
examples of air resistance values for various bodies moving in the air. It is also clear why the
water drop has the shape it has. Since the water is liquid and can change its shape, it changes
shape when it falls from a height as the air resistance acts on the drop and the resulting shape
is the one that penetrates the light most easily (the air resistance is the smallest).

Cd = 1,1

Cd = 0,34

Cd = 1,4

Cd = 0,05

Cd = 0,45

Cd = 0,1 – 0,2

Pic 26: Hodnoty odporu vzduchu pri rôznych telesách
Pendulum

The pendulum consists of a bob and a string, a wire, a chain, or a bar that is fixed at
a fixed point and allows the bob to oscillate from one side to the other. When the weight
is just below the fixed point, we say it is in a steady position, it does not move. If by force
we cause the pendulum bob to move to a certain side, the pendulum will oscillate regularly back and forth. The real pendulum gradually slows down, especially because there is no
fixed point without friction and the pendulum also moves in the air (fluid) environment
causing resistance (pendulum movement) and gradual slowing of the pendulum. When
swinging the pendulum, the bob reaches a certain maximum position. The angle between
the string in the equilibrium and the maximum position is called the amplitude of
the oscillation. The time needed by the pendulum to perform one whole oscillation is
called the oscillation time. The vibration time depends mainly on the magnitude of the
gravitational force acting on the weight. For this reason, the same pendulum has a smaller
period of oscillation (oscillating faster) on the earth‘s poles because the gravitational force
is slightly greater than on the equator.
It is interesting to explore what influences (what variables, pendulum properties) pendulum oscillation. In view of the pendulum design, the following characteristics (variables) can be taken into account: the length of the hinge (string), the weight of the bob
and the angle from which the pendulum is triggered when swinging. By experimentally
examining the influence of these variables, the data presented in the table can be obtained. In experiments 1–5, the weight of the pendulum bob was gradually increased. Other
variables were constant, followed by a correlation between increasing weight and time of
oscillation. It is clear from the data obtained that increasing the weight of the bob does not
have an effect on the pendulum oscillation. This means that the pendulum with a lighter
bob oscillatesjust as quickly as pendulum with a heavier bob. In experiments 6–9, the pendulum bob weight is maintained the same (0.2 kg), and the pendulum launch angle is the
same (15°). The experimental variable is the length of the pendulum string. In this way it
is possible to determine whether the pendulum oscillation rate depends on the length of
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the string on which the bob is hanged on. In contrast to the weight of the bob, the results
show that the length of the string has an effect on the pendulum velocity. The longer the
string is, the slower the pendulum oscillates. Thus, there is a direct correlation between
the pendulum oscillation rate and the length of the string. The last four results illustrate
the relationship between the pendulum vibration velocity and the pendulum angle change. The weight of the pendulum bob and the length of the string remain constant, changed
is only the angle from which the pendulum is triggered. From the results it is clear that
the trigger angle does not affect the pendulum oscillation rate. The result of all measurements is that only the pendulum string length affects the pendulum oscillation rate.
Tabuľka 1: Rýchlosť kmitania kyvadla pri zmene premenných
Číslo pokusu

Hmotnosť závažia

Dĺžka špagátu

Uhol kmitu

Čas kmitu

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

0,02
0,05
0,1
0,2
0,5
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2

0,4
0,4
0,4
0,4
0,4
0,6
0,8
1,0
1,2
0,4
0,4
0,4
0,4

15
15
15
15
15
15
15
15
15
10
20
25
30

1,25
1,29
1,28
1,24
1,26
1,56
1,79
2,01
2,19
1,27
1,29
1,25
1,26

The first pendulums were used to measure time periods and also to detect the impen- Foucault‘s
ding earthquake long before defining the pendulum theory by Galileo Galilei, a known pendulum
scientist. It is he who is officially attributed to the discovery of the pendulum. The first attempted to explain how and why the pendulums oscillate. The way the pendulum moves is
considered to be one of the first evidence that Earth rotates around its own axis. If we want
the Earth´s revolution to be manifested, we need to construct a very large pendulum that
is suspended at a fixed point with minimum friction. This kind of pendulum is called
Foucault‘s pendulum, according to the French physicist Léon Foucault, who designed
the pendulum for the first time (in Paris in 1851).
If we swing the pendulum along the line on the ground, each one of the pendulums swings
is out of the original direction even by very small pieces. Respectively, it‘s not a pendulum
that is bent, but a Earth that rotates causes the observed deviation. To emphasize this
pendulum movement, it originally drew the pendulum of the line into the sand poured
under the pendulum. The sand was later replaced by plates, which are placed under the
pendulum in the circle. If Earth did not rotate, the pendulum would only throw oppositely standing plates. But as the Earth rotates around its own axis, the pendulum gradually
sheds further and more plates in the circle are thrown down (see Picture). The time that
the pendulum throws away all the plates we call a pendulum day. This period of time varies across different parts of the Earth.
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Foucault‘s original pendulum had a 28 kg heavy bob that was hung on a 67 meter long
string. Such a pendulum has been deflected from the original direction by about 11.3° in
one hour , so that it has reached its original position in about 31.8 hours. At the Earth‘s poles, any pendulum returns to its original position in exactly 24 hours, rotating the pendulum clockwise and counterclockwise at the north pole.
To manifest the Earth‘s rotation on the Foucault pendulum, the key is how the pendulum will be triggered. The amplitude should be a maximum of 20 degrees, and the trigger
should be free of any lateral forces. For example, burning a string that holds the pendulum
bob is usually used. Foucault‘s pendulums are found in many science museums. Since the
pendulum is affected by air resistance, it will gradually slow down, so different mechanisms are installed in the pendulum structures to ensure steady oscillation of the pendulum.
For example, the movement of the pendulum is accelerated by electromagnetic action on
the bob so as to accurately compensate for the deceleration due to air resistance. A simpler
way, which is also quite often used, is to restart the pendulum.

Pic 27: Foucaultovo kyvadlo

2.2 Simple machines
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All machines, without which our lives would not be so comfortable (whether blenders,
strollers, computers, airplanes,...), no matter how complicated they are constructed using
mostly only seven basic mechanisms: inclined plane (also wedge and bolts), lever, wheel
and axle (shaft), pulley, gear and rack, crankshaft and ratchet. Machines are used, for example, to reduce the power needed to perform a job, to speed up work, to change the direction
of force, or to change one type of movement to another. In general, we distinguish three
types of motion for simple machines (the whole machine or its part):
• linear motion (one-way motion),
• rotate motion (move them into a circle)
• and reciprocating (back and forth).

I – S.K.Y.P.E. Methodical Handbook for Teachers
3. Changing the movement of an object requires a net force to be acting on it

When using simple machines, especially while using an inclined plane, it is often not Inclined plane,
a reduction in work. This is a reduction in performance that we must spend. As we wedge
climb up the winding roads, it is easier than on a steep road, but performance takes longer. and screw
We will explain the efficiency of using the inclined plane in the example. If we pull a 50 kg
load to a height of 5 meters on a 10 meter inclined plane, we use the half power we would
need to pull this load straight up. However, lower power is spent for a longer time, but we
did the same work.

5m

10 m

50 k
g

5m

(50 ∙ 5) : 10 = 25

50 kg
(50 ∙ 5) : 5 = 50

Pic 28: Naklonená rovina

In both cases, we are able to perform the operation. However, if we pull a load on an inclined plane , it is relatively easier, but the work takes longer time. If we take this as a criterion for facilitating work, then the inclined plane makes work easier for us. Probably also
because the very heavy load exhausts the muscles very quickly.
The wedges can be understood as two inclined planes placed opposite to each other. Wedges
Although the direct use of this principle is not so common and occurs only in specific
sectors (splitting wood by wedge), in fact, the principle is used quite often, for example in
aerodynamics. It is an area that deals with the analysis of the penetration of objects in
liquids (in the air, in water). Here too, it is about achieving better performance by using
the same amount of power. New car designs are tested in the current chamber to see how
the car can penetrate the air. The wider the shape, the lighter the car penetrates through
the air, and the power of the engine is more effectively used to move forward (i.e., through
the air). We find wedges where we need to more easily penetrate into material, whether gaseous, liquid or solid. The principle of the wedge uses, for example, a knife, a paper cutter,
a pencil sharpener, needles, knitting needles, and nails. The basic principle of the inclined
plane is also used by a screw that is preferably used (similar to a wedge) for easier penetration into the material. In addition, the wedge can also be used to secure objects against
movement, for example, a door wedge latch. Different clamps, nails and clips can also use
the wedge principle, while they are used to secure objects, but in principle, through the
inclined plane, they penetrate the object. In contrast to the wedge, however, the coiled
inclined plane has a wider use as a screw.
The screw is in principle a screwed plane. Allows to move from the bottom upwards Screw
by rotating motion. The advantage is that it takes less horizontal space compared to the
classic inclined plane. In addition to the classic use of the screw to fix two materials
together, the bolt principle is used, for example, in the construction of spiral staircases, serpentine roads in hills, vices, adjustable height chairs, adjustable French keys,
threaded lids in cups and bottles, in bulb holders, drills, taps, but also in ballpoint
pens. Sometimes the bolt is used less typically, such as a propeller or turbine. By moving
the screw in the fluid (gas or liquid) it is possible to move the object forward. In other ca115
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ses, the screw is immersed in water and is rotated to pump where it is used. Such pumps
are often used on irrigation or drainage farms. Specially designed screws can carry solid,
liquid and gaseous substances from one location to another. When it comes to solid material, we usually talk about drills, when it comes to liquids, we talk about pumps. When we
use a screw to lift objects, it makes it easier to work out of all the simple mechanisms used.
Even a very weak person can lift a car using a screw-operated jack. Similar to the inclined
plane, the amount of work done here extends over a longer distance – the jack lifts the car
very slowly, in small pieces. The denser the thread, the less we work with the jack.
The same principle applies when drilling wood screws (or other material). While pulling
the screw once around its own axis, it is cut into the wood just a little bit, exactly the distance between the two threads on the screw. This means that the thicker the thread, the
easier it is to attract, even if it takes longer. As a result, screws that are easier to attract are
usually used in harder wood – those that have a smaller pitch. This pitch is called thread
pitch. If we take two screws of the same length but different thread pitch, we can see that
the screws differ in the number of turns on the same screw length. Taking the two different spiral staircases we want to climb to the same height, we find that on one staircase the
climb is more difficult on the one on which the stairs are higher, and on this staircase we
turn less about the stair axis
Typy
skrutiek

Screws are used for joining wood (and similar materials) as well as metal. Accordingly,
we distinguish between self-cutting and metric screws:

Pic 29: Self-cutting screws and metric screws

Self-cutting screws are wood screws – they have a sharp point, larger thread spacing and
do not require a nut. They are used by drilling directly into the bonded material using
a tool (screwdriver). Metric screws are used in such a way that holes have to be prepared
in the material first, into which screws are inserted, which are fixed on the opposite
side by a nut (hollow cylinder with internal thread). It is clear that both types of screws
operate on the same principle of a simple machine, but they use different properties of
bonded materials. It is also interesting to use tools that move the screw in the material.
These are screwdrivers that work on the lever principle. The thicker the handle is, the
easier it is to work with the screw.
Lever
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The practical use of the lever has been known since we remember. One of the first thoughtful uses was a catapult (later a more complex trebuchet), which was able to throw
stones (later also explosive devices, burning objects, but also bee hives) into the enemy at
a relatively long distance.
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Pic 30: Katapult

The lever is used many times without realizing its principal use. For example, the Japanese
national judo sport is based on the knowledge that the movement of the entire human
body is built on the functioning system of levers. It is also known that a golf player who
has longer hands can launch the ball than a player with shorter hands. Similarly, the longer-handed archer can use the same bow to increase the speed of the launched arrow to
increase the accuracy of the hit (with optimum aiming).
When using the lever, we distinguish three points – the fixed point, the point of resis- Využitie
tance and the point of action of the force. The use of a simple lever has three possible páky
applications. The most used lever is by pushing on a lever that is at a distal part supported
by a fixed point and the resistance acts in the same direction, but on the opposite side of
the lever (for example, lifting the stone by a rod).
Miesto
pôsobenia sily
Miesto
odporu

Oporný bod

Pic 31: Využitie páky

The most used and very popular lever is the swing. It also has three basic points typical
for all levers. The fixed point is where the swing rotates; the point of force is where the
force actsand the point of resistance is the part on which the load is putted on. If the load
is equally large at both ends of the swing, the swing is balanced. Once we want to enjoy
swinging it is always necessary to give the same strength to both sides.
For simple levers we distinguish three types of its utilization. Swing, ripper and can
openers are a typical example of a first-class lever. In this class, a fixed point is located between the point of application of the force and the point of resistance. If we put
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two such levers together, we get scissors-like items. By changing the distance of the fixed
point from the point of application of force, we also change the force needed to control
the resistance, or we can accelerate the movement at the end of the lever by relatively
slow motion on the force side. This type of lever even changes the direction of movement.
For example, we press the scissors in the opposite direction to the direction in which the
individual blades move. However, if the distance between the point of resistance and the
point of application of the force is the same, such a lever can only change the direction of
action of the force. The necessary force is not reduced and the movement of the object is
not accelerated (eg swing). Based on this principle, it is possible to explain why the scissors
cut a thick paper lighter at a point near a fixed point (a pair of scissor arms) than at the
ends of a scissor.

Pic 32: Páka druhej triedy

Barrow is a typical example of a second-class lever. An example of a double lever of
this class is a nutcracker for nuts. The fixed point is located at the beginning of the lever.
Resistance acts close to a fixed point and we have to act on the opposite end of the lever
against the effect of resistance. It‘s as if we wanted to roll a stone out of the way with a stick.
The longer the rod, the easier it will be; the longer the nutcracker shoulders, the easier the
nut to crack.
The third class of lever is the location of a fixed point on the edge of the lever, the force
acting in the vicinity of a fixed point and the resistance acting in the opposite direction
at the end of the lever. A typical example is the use of the forearm. If we hold something
in hand, it is better to keep it if the elbow rests on the table – a fixed point and we can only
lift it by exerting a force with the opposite effect acting on the hand. The closer to a fixed
point this force is, the less power we need; we use biceps in the shoulder. Other examples
of using a third class lever are tennis racket, rod, broom, flytrap. In this type of lever, the
force is exchanged for speed and distance. For example, if a fisherman wants to move the
hook on the hook relatively quickly, he can only do so with a very slight movement of the
hook in his hand. The double lever of this class is used, for example, for tweezers, sugar
tongs.
Wheel and axle,
crankshaft
and gears
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The wheel has always been considered the greatest discovery of human history. In fact,
however, it would have almost no use without being connected to the axis. The axis is
a stick or rod that passes through the center of the wheel and allows the wheel to rotate
freely around it. If you rotate the axis, the wheel is also spinning and vice versa. This way
we can use the power to move. The wheels are located in all devices that perform rotary
motion (but not only in them), such as in a hair dryer, car engine, carousel, bicycle, and
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so on. Gears have specific applications. Gears are wheels that have teeth on the edges
at regular intervals. If we engage multiple gears, we can move motion from one wheel to
another. If the wheels are unevenly large, we can accelerate or slow down the wheel axis by
connecting these wheels.
The winch or wheel and ax are most often poorly understood simple machines. The
winch or wheel and ax are most often poorly understood simple machines. Although the
winch looks like a train wheel, the principle of its use is different from that of a wheel and
axle. We put the wheels on the wagon (or cars) to reduce the friction when moving. The
use of wheel and axis in the cases examined is different. In the case of a winch (shaft), the
wheel and wheel axis are fixly connected. Turning the wheel the axis also rotates. The
wheel rim moves very fast while the axle rotates relatively slowly. By rotating the wheel
with a lever at its edge, although we have to go a long distance (spinning around), this
movement itself facilitates the movement of the axis, which can resist, for example, a suspended weight that rises or attracts. A typical example is the shaft on the well – twisting
of the wheel, the rope gradually winding on the wheel axis (shaft), which raises the bucket
with water from the well.
By placing the jack handle further away from the axis of rotation, we reduce the amount
of flowing force required. A larger wheel can be used instead of the jack handle. For example, compared to pencil sharpeners, a meat grinder needs a larger handle to work well
with it. This difference can be understood by comparing the distance between the point
of application of force and the point of resistance of the force. By the same principle, it is
also possible to explain why larger steering wheels spin more easily than smaller ones. The
combination of wheel and axle can change their function by using a belt, chain and
gears. A bicycle is an example of wheels and axes interconnected by a chain. By being
connected using a chain, one turn of a large wheel turns the small wheel several times
around its own axis. By converting gears, we can change the speed of movement of parts
that are attached to the gears axes. The mechanical advantage of two chain-coupled gears
can be calculated by the ratio of the number of teeth at one and the other wheel.
The fixed pulley changes the direction of the acting force. A movable pulley reduces Pulley
the amount of effort required to pull out the load – simplifies work. As the name implies, the fixed pulley is attached to the stationary object (fixed point) and the movable
pulley moves, either vertically or horizontally according to the way it is used.
If we imagine the operation of a fixed pulley, we find that it is very similar to the principle
of swing. The fixed point is in the center of the pulley, the force and resistance being located at the same distance from the center of the pulley. Therefore, it is not possible for
a fixed pulley to facilitate work. The fixed pulley only changes the direction of force. In the
case of a movable pulley, the distribution of the fixed point, the point of application of the
force and the point of action of the resistance are different. The fixed point is located at the
edge of the pulley, there is resistance in the middle of the pulley (because there is a weight
under it) and the force acts as long as the distance from the fixed point as in the case of
resistance. Therefore, only half the force we need to lift the object itself is needed to lift the
load. However, it is important to realize that with this two-fold facilitation work, the need
to overcome twice as much distance as we want to lift the weight is overcome. So if I want
to lift the weight by one meter, I have to stretch it by two meters.
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Pic 33: Fungovanie pevnej kladky
Pulley block

The pulley block is a system of fixed and movable pulleys. The simplest pulley block
consists of one fixed and one movable pulley. By adding pulleys, we effectively reducethe
effort needed to lift the load. Rubbing string on the pulley Wheel can cause smaller effect
of the effort reduction. Friction can be reduced, for example, by oiling friction surfaces.
The mechanical advantage of using pulleys can be easily calculated. The pulley with two
pulleys makes working two times easier, the pulley with three pulleys makes it easier to
work three times and so on.
The pulleys do not have to be used only to facilitate the movement with the load. They
are often used to transmit force. For example, small pulleys can spin large pulleys that
spin slower, but provide more torque. A typical example of such use is the car engine. The
wedge belt is driven by a pulley that is connected to the motor. The wedge belt rotates the
water pump to provide water circulation in the radiator, a fan (which blows cool air over
the radiator) and an alternator (needed to charge the battery). In the house, the pulley
is used, for example, in a washing machine and a clothes dryer for spinning the laundry
drum.

Crankshaft
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The crankshaft is another type of shaft-to-wheel connection and is usually used where
the direction of force is to be changed or the reciprocating movement can be changed
to rotational. At present, it is used, for example, to transfer rotary motion in a car engine
to move back and forth in pistons. The crank is on the spinning wheel usually placed on
the edge. By rotating the wheel, the attached crank causes, in a specific design, movement
(e.g., piston) back and forth. Similarly, the foot movement changes back and forth on the
bicycle pedals to rotate the bicycle wheel. A well-known use of the crankshaft is also a
saw. For example, in the past the saw was powered by a water wheel. The spinning water
wheel transferred its rotational motion to the wheel on which the crank was mounted. The
rotational movement of the wheel changed to the reciprocating motion of the saw back
and forth (as on the Picture).
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píla

Pic 34: Píla

Steam locomotives used the reverse movement of the steam piston back and forth to
rotate the wheels. Water heating produced water vapor, which pushed the piston out,
causing the wheel to move. In the displaced position of the piston the steam escaped, the
piston returned and the event could be repeated cyclically.
Sometimes, when constructing various devices, we need a machine or part of it to move Ratchet
in one direction only, for example, on turnstiles that cannot move back. Usually a ratchet
is used in these devices. This is formed by a toothed wheel with a pawl – a lever whose
end fits into the teeth of the gear so that, when attempting to reverse the wheel, the
pawl prevents rotation. The gearwheel itself has latch teeth adapted (inclined). We also
call this gear a ratchet wheel.

Ratchet

Rohatka

Pic 35: Západka a rohatka

The simplest use of the ratchet is the use at hunting knives and hunting arrows. The
knife has on the opposite side of the blade ratchet teeth, which when entering the prey to
prevent slipping of the weapon from the wound. The ratchet of this simple type occurs
naturally in nature. Predatory fish, for example, usually have backward curved teeth to
prevent the caught prey from slipping out of the mouth. Ratchets are also found on the
bee sting. If a bee stings a sting into a soft material, the sting ratchets will cause the sting to
remain in the material. As the sting remains in the material for a long time, more poison
is released into the wound. This means that it is an evolutionarily developed progressive
sign in the protection of the community itself.
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Ratchets are also used, for example, in pendulum clocks for gears. By swinging the
pendulum back and forth, where we need the clock hands to move in one direction only,
we need a latch to ensure that the ratchet does not rotate and the gears attached to it when
the pendulum is backward. The ratchet is also used on rollerpila
shutters, but also on car
safety belts. The seatbelt mechanism is somewhat more complicated, since it is necessary
to activate the belt to stop in the impact. Usually a weight is placed on the ratchet. The
weight moves forward in a car crash and activates the ratchet. A very well-known use of
the ratchet is the ratchet wrench and also the pulling tape. Ratchet teeth are provided over
the entire length of the plastic or metal tape, passing a loop through the strip at the end of
which there is a ratchet. Tape is used to bind things together.
Combinations
of simple
machines

Many devices operate on a combination of two or more simple machines. Examples of
such tools are, for example, scissors. While the blade uses the wedge principle, the scissor
arms use the lever principle. The lawn mower uses a combination of wedge (blade), wheel
and axle to which the blades are attached. We would certainly find other simple machines
on this tool. Even very complicated machines can in principle be divided into a set of simple machines, which interact with each other to create the final effect of the tool.

Rube Goldberg
machine

Rube Goldberg lived from 1883 to 1970 and became famous for the simple machines by
his complex system of simple machines, through which he carried out a simple operation, for example set a bird free out of a cage. Competitions are regularly organized in
the construction of Goldberg machines. The principle of the competition is, for example,
to turn on the light or toaster in the most interesting and innovative way using a combination of different simple machines. Usually the most unique way to win.

Pic 36: Rube Goldbergov stroj

The construction of the Rube Goldberg machines does not require knowledge of the
principles of the operation of simple machines, so it is an interesting idea how to
make the science and technology education at primary school more interesting and
challenging. The machines can be built intuitively, but also thoughtfully, based on a predetermined plan. The second option is more interesting for the development of science
and technology literacy, especially if the pupil tends to explain his suggestions.
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3. METHODICAL GUIDE FOR TEACHERS
3.1 Working with ideas about movements and forces
The task set is focused on exploring the movement of different objects in different situations. The basic intention is to create the idea that objects are moving under the influence
of different forces and if we want to change their movement, it is necessary to act on the
object by force or force change.

Task 1
Materials and tools for a working group:
• green and redcrayons, worksheet
The teacher starts discussing with the pupils what different movements can be observed in
the classroom. They can write them down and think together, what caused them to move.
It is not the goal of pupils to properly name the forces that act on the observed objects; as
part of the discussion, the teacher leads the pupils to reflect on whether the objects (objects) move on their own or it is possible to identify the action of another object or force.
In order to focus the discussion more on specific phenomena and to generalize the results
of the discussion, the teacher will focus the pupils‘ attention on the pictures in the second
task. On both images, there is a plane in the air, and the skydiver in. In addition, there
is also a second parachutist who has already jumped out of the plane. While on the first
picture this parachutist still has the parachute closed, on the second picture it is open. It
is the task of the pupils to draw, using the green arrows, which direction the object moves
in the sky.
As the result of the previous discussion was a generalization that every movement is caused by something, the next task will be to identify the source of the force that causes the
identified movements of the objects. The pupils try to name these forces for the particular
objects(on the pictures) and put them in the table below the images. Pupils can name
them naively, the task is not focused on the proper naming of the acting forces, the task is
aimed to make the pupils realize that the movement is always caused by something. Another task is to identify if there are any forces that act against those that caused the object to
move. If so, the taskof pupils is to draw them with a red arrow in the image.
It is interesting to discuss with the children not only the direction in which the objects
are moving, but also the force that prevails, if the other is acting in the opposite direction,
which can be highlighted by how long we draw green and red arrows. It is also advisable
to think about speed of the skydivers‘ movement on both images, thus encouraging pupils
to explore what causes the falling objects slow down.
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Task 2
Materials and tools for a working group:
• pencil, sticky tape, string, paper clip

Pic 37: Jednoduché kyvadlo

It is suitable to realize this task after the previous task, so that pupils will be better focused
on what the task is aimed at. In the previous task, they thought about what caused the
movement of the various objects, in this task the movement itself will be explored. The
teacher will provide the pupils with a simple pendulum or guide them to construct one
(see figure). He then leads the pupils to explore how the pendulum works (non-targeted
observation to gain pendulum experience).
Based on task 1 inquiry, pupils try to draw a direction of force that acts on the pendulum
bob and try to explain what causes the bob to oscillate up and down when it is triggered.
Pupils observe when the pendulum bob accelerates and slows down and they try to explain what causes the bob to accelerate and slow down.
The teacher leads the pupils to realize that if the object accelerates, it must be caused
by some force. If the object slows down, it must also be caused by a force that acts in
the opposite direction. Finally, pupils should find out that both the acceleration and
the deceleration of the bob are caused by the gravitational force that acts on all objects
constantly.
Tasks 3–6
Pupils already partially explored how pendulum works, thus the teacher suggests to investigate how the pendulum could be swung faster or slower. Either he/she will immediately
ask them research questions (Tasks 3, 4, 5 and 6) or first discuss with pupils what they
would change on the pendulum to swing faster or slower. Finally, the discussion should
lead to the identification of research questions as outlined in Tasks 3-6. Research questions in Tasks 3-6 are similar in nature, but they examine different variables that may affect
the operation of the pendulum. The teacher can divide the pupils in the class into four
groups, while each group examines the influence of different variable on the oscillation
rate. However, it is suitable to explore the influence of all variables in all groups, especially
because the results are quite surprising for pupils.
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Pupils should note that the length of the pendulum string is the only variable that affects
the pendulum oscillation rate, the weight and height from which the pendulum is triggered
does not affect the pendulum oscillation rate. Volume of pendulum bob can affect it due to
air resistance, but the differences are not in the set circumstances measurable. To register this
difference, pupils would have to examine pendulums that have large volume (size) weights.
In view of the conditions in which the pendulum is being examined, the correct conclusion is
that the size of the pendulum does not affect its vibration velocity.
It is important to make predictions before practical investigation. The teacher will present a research question, he can write it on the board to make it for pupils clear what the
purpose of the research is. To target pupils‘ attention, it is suitable to discuss the proposed
predictions. The predictions are pre-formulated in the task, so it is easier for pupils to predict – they just decide for one of them. This form of making predictions creates a pattern for
pupils in how it is appropriate to formulate the predictions. Also, we emphasize that when
investigating it is fine, if we do not agree in the predictions, we know that we are going to
investigate a polemical thing, i. we are wondering how it really is. Thus, the variety of predictions is natural and we are not talking about bad and good predictions; we are talking only
about confirmed and unconfirmed predictions. Once the predictions are made, it is suitable
to discuss how to find out whether a pendulum with a longer or shorter string oscillates
faster. This challenge is an interesting challenge for pupils. If the teacher has enough time, he
will encourage the pupils in the groups to try to figure out a way by which we can distinguish
in a sufficiently credible way whether the pendulum is swinging faster or not. If pupils devote themselves to designing procedures, it is important to discuss them and to select one that
truly demonstrates the possible acceleration of pendulum vibration in an objective manner.
If the teacher has less time, he or she can suggest concrete procedure to pupils. In order to
compare the results obtained from observation, it is important to determine the specific
time period over which they will measure the number of pendulum oscillations. Since the
pendulum can also oscillate relatively quickly, it is advisable to consider the movement of
the pendulum bobs back and forth as one oscillation (swing). The teacher makes him/her
sure that all pupils understand how the oscillation of the pendulum will be measured and
determine. He/she suggest to count pendulum swings during 10 seconds.
Although the pendulum oscillation rate does not depend on how high the pendulum bobs
are triggered (the pupils do not know it yet, task 6 is aimed at this variable), the teacher
suggest the pupils to trigger the pendulum always from the same height. Because of the
credibility of the measurement result, it is advisable for the teacher to lead the pupils to
repeat the measurement three times for each pendulum. If some measurement was very
different from the others, they do not take it into account in the evaluation, or repeat the
measurement until the same (similar) results are obtained by multiple measurements. In
this way, we teach students the patience and precision that belongs to scientific work, if we
want to appeal to the results and thus trust them.
After creating the predictions and discussing the procedure by which pupils will be able
to verify the predictions, pupils are dedicated to verifying the predictions. During the
verification process, the teacher guides the pupils to a precise observation so that they
can trust their results in the conclusion. Pupils enter the number of oscillations in the
worksheet for a specified period of time (the teacher determines a suitable period of time
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based on which pendulums the pupils will use to subsequently convert the numbers into
a diagram) – three measurements for each pendulum. The average number of oscillations
(not by calculating the arithmetic mean, but estimating from three measurements for one
pendulum) will be marked by the pupils in the diagram to highlight the observed differences. Subsequently, it is the task of the pupils to create a conclusion based on the results
shown in the diagram, which includes the assessment of the predictionsand the answer to
the research question. Referring to empirical data (measured values) is very important (in
view of the development of great scientific ideas about science).

Task 3a
Materials and tools for a working group:
• 2 pendulums with different string lengths
The goal of the task is to determine whether the pendulum oscillation rate depends on the
length of the pendulum string. Pupils consider the following predictions:
• I think, the swing of both pendulums will have the same rate.
• I think, the swing of pendulum will be faster if the string is longer.
• I think, the swing of pendulum will be faster if the string is shorter.
They accomplish a verification of predictions, record the results in a diagram and evaluate
the research question by reference to the data obtained. When creating a diagram, the teacher helps them understand how numbers are transferred to the graphical display. Pupils
color a part of the column according obtained data

Task 3b
Materials and tools for a working group:
• 4 pendulums with various lengths of string (10 cm, 20 cm, 30 cm, 40 cm)
In order to practice the ability to work with the graphical representation of the measurement results, students are asked to solve the problem 3b. Intentionally, this time the columns are horizontal so that the pupils realize that no matter which direction the diagram
is oriented to, they just need to be well marked. The task of the pupils is to create four
pendulums of different string lengths, exactly as shown in the diagram. If they already
have a measurement result with some string length, they do not need to repeat it, the
results overwrite the chart again and complete the missing data. In this way, they obtain
more results binding to the phenomenon under investigation. In the diagram, they should
see how the number of oscillations decreases with the extension cord on the pendulum.
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The individual results for pendulums of the same string length obtained in different groups
may differ. If they differ significantly, it is likely to be due to measurement inaccuracy and
/or the measurement was accomplished slightly different way. It is good to point out such
differences and try to find out, together with the pupils, what caused the differences in the
results. In this case, the pupils present themselves how they realized the measurement and
identify what they did differently and thus what caused a difference in the measured vibration counts. If the reason for the different results could not be identified, it is advisable to
repeat the frontal measurement. The credibility of the results obtained is very important.
If it is not high enough, the pupil will cease to believe in the outcome and does not tend
to perceive the results of the examination as plausible and does not incorporate them into
their ideas as other experiences. As a result, the pupil is unable to use this information
later to explain similar observed phenomena.
Finally, the teacher will focus pupils‘ attention on whether the results of the examination
in task 3b are consistent with the results obtained in the previous task, i. whether these
results confirm what they found in the previous review.

Task 4
Materials and tools for a working group:
• 2 pendulums with differently heavy bobs (eg plasticine)
The goal of the task is to find out whether the pendulum oscillation rate depends on how
heavy pendulum bobis. Pupils consider the following predictions:
• I think both of pendulums will swing the same rate.
• I think, the swing of pendulum will be faster if the pendulum bob is heavier.
• I think, the swing of pendulum will be faster if the pendulum bob is lighter.
After making prediction, it is important to be aimed at procedure suitable for its verification. In addition, it is necessary to ensure that the weight of the pendulum bob is the only variable that will be changed for two measurements (control and experimental). This means
that you need to use the same stand, the same length of string and the same sized (volume)
pendulum bobof the same shape, preferably the ball. The teacher warns and calls on the
pupils to try to figure out how to create two pendulum bobs that are of same size (volume),
the same shape, but varyin weight.
If the teacher does not have enough time to discuss with pupils appropriate research procedures, he/she can propose the procedure himself. The easiest way is to use plasticine. For
example, a heavier ball of plasticine can be obtained by replacing a piece of plasticine with
a metal ball, which is pressed into a small amount of plasticine. In the same way, a lighter
ball can also be created if we replace the plasticine with, for example, polystyrene. Alternatively, it is possible to use a polystyrene bead and the second, equally large, of plasticine. In
the event that pupils do not propose a procedure, the procedure proposed by the teacher is
recorded by the pupils in the section specified in the worksheet.
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Then pupils measure the number of swings for a lighter and heavier pendulum bobs, and
write the results in numerical form and then create a diagram from the numerical values.
On the basis of the diagram they conclude and answer the research question. In this case,
the weight of the pendulum does not depend on the weight of the weight.

Task 5
Materials and tools for a working group:
• 2 pendulums with different sized bobs with the same weight
The aim of the task is to find out whether the pendulum oscillation rate depends on how
large pendulum bob we use. Pupils consider the following predictions:
• I think both pendulums will swing the same rate.
• I think, the swing of pendulum will be faster if the pendulum bob is bigger.
• I think, the swing of pendulum will be faster if the pendulum bob is smaller.
Inter alia, by carrying out both research tasks, the teacher creates a better idea of the difference between the volume and the weight of the object.
As in the previous task, it is appropriate to consider how to make two pendulum bobs that are
equally heavy but of different size. However, it is important to alert pupils that they must also
have the same shape. If the teacher does not have enough time, he or she can suggest the pupils
concrete procedure of how to create such pendulum bobs. It is advisable to use a variety of
materials, such as a ping-pong ball, which the pupils place on isosceles and balance the same
weight of plasticine. They then make a ball out of the weighed plasticine so that both pendulum
bobs have the same shape. Or use a plasticine ball and, for comparison, a hollow plasticine ball
made of the same amount of plasticine. However, it is important to ensure that the difference
in size of the weights being examined is large enough to trust the pupils.
Pupils then measure the number of swings for a larger and smaller pendulum bobs, and
write the results in numerical form and then create a diagram from the numerical values.
On the basis of the diagram they conclude and answer the research question.

Task 6
Materials and tools for a working group:
• pendulum
The aim of the task is to find out whether the pendulum oscillation speed depends on the
height from which the pendulum bob is triggered. Pupils consider the following predictions:
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• I think, the swing of pendulum will be faster if I trigger it from higher height.
• I think, the swing of pendulum will be faster if I trigger it from smaller height.
• I think both pendulums will swing the same rate.
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They verify proposed predictions, record the results in a diagram and evaluate the research question by reference to the data obtained from the measurements. They find that the
oscillation rate of the pendulum does not depend on the height from which the weights
start.

Task 7
Materials and tools for a working group:
• materials and tools for constructing pendulum proposed by pupils
In previous tasks (1 to 6), the pupils examined what influences the pendulum movement.
It is appropriate to formulate a general conclusion. Pupils should answer the initial research question about what characteristics of the pendulum affect its oscillation rate. When
making a conclusion, they should refer to the data obtained from the investigations they
have recorded in the tables for each task. Creating a justified conclusion belongs to the
development of the idea of the science process and can be significantly influenced in this
period.
Consequently, the teacher can create a situation that evokes the transfer of the gathered
information. The taskof the pupils is to design a pendulum that will swing in the intended
way, namely 30 oscillations per minute. Pupils should not create unsubstantiated guesswork in solving this task and solve the problem by trial and error (even if this is one of
the solutions). It is preferable to focus the pupils on what results they have obtained in
each of the tasks 1 – 6 and use these results to make a reasonable prediction. It may be that
some of the pendulums that dealt with the tasks 1 to 6 were oscillating just as expected in
the seventh task. At that time, it is sufficient to justify the result obtained from the solution
of the given task. In principle, it is the development of the ability to „read“ the measured
data and justify any other predictions.
Pupils are expected to design the weight, size, length, and triggering height of the pendulum based on the pendulum experience they have obtained during the previous investigations. They then verify their prediction by measuring the pendulum swing rate. If this
is not confirmed, they adjust the pendulum to oscillate in the expected manner. When
adjusting the pendulum, the teacher observes the pupils‘ variables on the pendulum. If
they try to change something other than the length of the pendulum, he/she will suggest
them that by solving previous tasks, they found that only the length of the string on which
the weight was placed influenced the rate of oscillation.
After examining the pendulums (tasks 1-7), the teacher with the pupils discusses what
causes the pendulum to swing. The aim is to realize that when the pendulum bob is triggered, it is attracted by gravity, but at the same time it is held by a fixed string, so it does
not fall down but continues upwards. It is also important that children realize that Earth‘s
gravity causes the pendulum to accelerate when it falls down. The same force – gravitational – causes the pendulum to decelerate smoothly as it moves up.
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Tasks 8–15
In Tasks 8–15, pupils explore different situations where objects are set into a motion by variously large forces acting in different directions with respect to the action of gravitational
force. It is suitable to encourage pupils to discuss about the presence of a gravitational force, which acts constantly on the objects observed, always towards the center of the Earth.
It is therefore appropriate that in each of these tasks, pupils record in the schematics of the
observed situations the direction in which the force of gravity exerts on the object which
they give in a certain force.
Since in each task pupils cause movement of objects (for example, shooting objects using
sling-shots, catapult or air flow), the teacher also leads the pupils to try to indicate how the
force exerted, which puts the object in motion, works and how gravitational force acts on
the same object. In this way, the pupils‘ attention is drawn to realizing that the resulting
movement of the object is not only due to the force we exerted, but also by the force of
gravity. With regard to the thinking of children of this age, it is not yet to be expected that
they will understand the folding of forces to which these activities create predisposing
ideas. Therefore, it is not the task of the teacher to explain the observed phenomena in this
context to the pupils. It is enough to focus the pupils‘ attention on the fact that each object,
whether at rest or in motion, is objectto gravitational force.

Task 8
Materials and tools for a working group:
• sling, polystyrene ball, stopwatch

Postup:
It is suitable to create a contextual situation for task 8. For example, a teacher with pupils
can talk about how far they can throw a ball and what it depends on how far it will be shot.
It focuses on the fact that someone can throw a ball very far, another, on the contrary,
only relatively close. The aim is for pupils to try to identify the selected characteristics of
the situation (variables) that could be reviewed later. For example, it can be argued that
a light ball can be thrown further because we would need more strength for the hard. It is
also important how we throw the ball, in which direction, etc. Subsequently, the teacher
suggests that they should explore how the direction of throwing the ball affects how quickly and how far it will hit the ground. However, the teacher will inform the pupils that it
is necessary to carry out the examination so that the pupils are sure that any differences
were caused by a real change in the direction of throwing the balls. Even the same person
fails to throw the ball in the same way, so he recommends throwing the balls with a sling.
To make the activity safe for children, it is suitable to shoot soft objects such as polystyrene
balls or foam balls. Also, it is not appropriate if the activity is carried out in a small room,
because even soft objects fired by a stronger sling-shot can hurt up close, so it is good to
carry out activity in the gym, on the corridor or outdoors.
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The teacher asks the pupils to look at the four different ways of firing a ball using a sling
(Task 8). Their task will be to create an order in which they think the balls will fall to the
ground. The goal is to find out which ball falls to the ground later. After the predictionsare
made, the teacher discusses with the pupils how to carry out the activity. The time spans
that the balls fall on can be measured using the stopwatch, but also by simple comparison.
In the latter case, it is necessary to fire all the balls at once (four pupils at the same time
make a beep). In any case, it is important to agree on how much the pupils will pull the
slingshot so that some of the balls will gain more energy to move when fired.
The aim is to realize that if we act on the ball in the same direction as gravity, the ball‘s movement is the fastest. However, if we act in the opposite direction, the ball‘s movement
slows down to zero and then accelerates backwards. This means that such a ball will fall at
the latest. In order to realize this, the teacher leads them to sign the verification to indicate
which direction the force of gravity exerts on the ball and to compare how it is related to
the direction of action of the ball we are using with the sling. Consequently, the pupils formulate a conclusion in which they evaluate the direction in which the ball is to be applied
in order to keep the ball in the air as long as possible.

Task 9
Materials and tools for a working group:
• sling-shot, polystyrene ball, measuring tape
While in the task 8 pupils explored how to keep the ball as long as possible in the air, the
ninth task is focused on exploring how to get the ball as far away from the point of firing
as possible. Although at first glance it looks like it‘s the same research – the longer it gets
in the air, the more it goes, it‘s not. An example is firing a ball upwards. Although the ball
is relatively long in the air, it falls very close to where it was fired. Please note this.
The teacher asks pupils to make predictions. The situations are the same as in the previous
task. It is relatively simple to assume the impact in the last two situations (C and D) – if we
act on the ball in the direction of gravitational force or in the opposite direction. However,
it is interesting to discuss with pupils whether it is necessary to shoot the ball more or less
horizontally with the ground surface (perpendicular to the action of gravity) or obliquely
upwards. In order to develop activities by developing the idea of causing movement of
objects by multiple forces, it is advisable that the teacher discusses with the pupils in this
way (i.e., recalls the effect of gravitational force and compares it to the direction of force
when firing a ball from a sling). Pupils verify their predictions and formulate the result
on the basis of the data obtained. Since the distance of the object‘s impact does not depend directly on the object‘s firing angle (see the figure below), it is advisable in this task
to ensure that the pupils shoot the sling ball at a maximum angle of 45°. As shown in the
diagram, if, for example, we shoot a sphere at 20° and 70° angle, the object falls on the
same spot. To make the outcome of the ninth task clear for the pupils, it is appropriate if
the pupils find that it is necessary to throw the object not perpendicular to the direction
of gravitational force, but at a certain angle. Pupils can dedicate more to this examination
in the following task.
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Task 10
Materials and tools for a working group:
• 2 drawing papers, sticking tape/glue, string, weight (eg plasticine)

Postup:
It is good to recall that in the previous and the following task we operate with the concept
of angle, while the pupils do not already conceptualize it. Anyway, it is not necessary to
introduce this concept and in spite of that pupils are able to investigate the slanting throw.
It is enough if we are discussing the pupils in terms of differentlyinclined shooting of a ball
from a sling. Following this reason it is not appropriate to use real protractors, in the activity pupils construct their own measurement of the throw initiation. By creating a tool for
measuring the inclination of the litter by the object, they will in principle understand what
an angle is, even though we do not have to mislead the concept itself.
Pupils will construct a specific measurement tool. It is good to focus on the design of the tool
itself and its use, so that the pupils understand what the meaning is in the following research.
Therefore, the teacher, as soon as the research question is raised (How obliquely is it necessary to shoot the ball in order to reach it as far as possible?),discusses with the pupils how they
can measure how the ball is obliquely thrown. Given the development of the science process,
it is important to allow pupils in groups to try to design their own tools. If one of them is
sufficiently objective, it is advisable to use the procedure proposed by the pupils.

1

2

3 45 6 7

8
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Pic 38: Nástroj na meranie uhlu vystrelenia predmetu

If pupils do not develop their own tool, the teacher can propose the creation of a simplified tool by himself (see Picture). First, they cut out a quarter circle from the drawing, to
which the numbers from 1 to 8 (as if at 10 ° to 90 °, i.e. to the right angle; they do not need
to be justified by the children) are given at regular intervals. Best if the teacher prepares
these neighborhoods for pupils, it will better ensure regular stretches of measured angles.
Alternatively, it can give pupils a template to draw the scale over. Then make a roll from
the next drawing and glue it so that the edge of the roll protrudes. It will stick to it the
produced „protrusion“. They make a hole in the corner of the protractor and hang a string
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with a weight, such as a piece of plasticine (see picture). The lanyard is a direction pointer.
When the roll is tilted differently, the number on which the hanging cord shows is also
changing. Pupils can look through a roll at a particular object and determine at what angle
(as oblique) they will shoot if they target the object.

y
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20°
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Pic 39: Diagram dopadu predmetov

When pupils are familiar with how to use the constructed tool, they can approach the
research question: How obliquely is it necessary to fire the ball to keep it flying as far as
possible? However, for the development of science ideas, it is interesting to encourage pupils to try to verify that the diagram given in Task 10 expresses really where the objects will
fall if we throw them in different directions. The task thus leads pupils to „read“ the information with the diagram. Although the data is given in degrees of angles, it is very easy to
convert these degrees to numbers on their own scale (eg, 20 ° = 2; 30 ° = 3, 90 ° = 9, etc.).
Pupils can create their own table for measured data to carry out the research. It is not
stated intentionally. In many of the previous tasks, pupils had examples of tables to systematize the researchdata, in this task they should try to create their own table, thereby
better understanding the importance of creating tables. It is advisable to repeat each measurement multiple times, or to exchange data from multiple groups. On the basis of these
data, they try to draw a conclusion to answer the research question. Either they answer the
open question of whether it depends on where the object falls from how we shoot the ball
sloping obliquely, or whether their measured data is in line with what the graph shows.
For example, if the ball hit the same spot if it was fired from a „twos“ and „sevens“ on their
own scale (a simplified twist). The basic conclusion is that the distance increases when we
shoot an object from „unit“ to „four to five“, then the distance begins to reduce again.

Task 11
Materials and tools for a working group:
• sling-shot, polystyrene ball, tool from previous task, ruler
While in the previous three tasks, pupils examined how distance of the impact of an
object on the ground influences the direction of its firing, in this task, pupils will change
the force of the object and observe what effect it will have on the impact distance of the
object. First, the teacher discusses with the pupils what they have already found out, how
to throw (which direction) the ball to get as far as possible. Pupils should refer to data
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obtained from previous tasks and indicate in which direction the ball should be thrown.
Teacher asks pupils if they could ensure different way that the ball will fly further. Pupils
can suggest different ways and the teacher discusses them. Then they focus on the fact
that it is possible to increase the force exerted on the object being fired. He suggests that
they try to stretch the sling rubber to different lengths and see how it affects the object‘s
impact. However, it is important to ensure that they always shoot the ball in the same
direction, either horizontally or at an angle of the same magnitude measured by a simple
gauge from a previous task. The aim of the task is for pupils to get results in the form of
numbers and to learn to draw results from the measured values.
Pupils carry out 4 measurements with differently stretched rubber on the sling. They always measure the length of the stroke (the length of the rubber when the slingshot is stretched) and what distance the object has flown. For ease of investigation, it is advisable to
have a slingshot firmly fixed, for example in the ground. It is easier to control the firing
angle, which must always be the same (which the teacher constantly points out to measure
the pupils), as in the previous taskpupils have found that the distance of the object‘s impact depends on how obliquely we shoot the object.
When making measurements, it is advisable to go from the smallest stretch of the sling
to the largest, or vice versa, so that they can evaluate the results more easily. If the results
in the table are scattered, it will be more difficult to formulate a general conclusion. The
teacher will draw attention to this because it belongs to the development of the competence of scientific work within the systematization of data necessary for the creation of
interpretive judgment.
From the data obtained, pupils conclude that they the distance the object will fly depends
on force we use when firing it. It is very important that pupils justify their conclusions
with measured data.

Task 12
Materials and tools for a working group:
• objects of various shapes – balls, cubes, hollow hemisphere, egg – shaped (made of
same material), plate, wheeled board (or slingshot)
The twelfth task focuses on exploring air resistance. It is not named directly, pupils examine it in order to determine whether the object of another shape goes further. The research
can also be carried out using a sling, where the pupils compare the impact of a ball-shaped
object, a cube, a hollow hemisphere and an egg, after firing in the same direction, with the
same force .
As it is not a measurement, but a comparison, it is important to advice pupils that if I
want to know which object is going to move the board fastest, we have to compare two
and two and then winning two of them. The task is to create specially designed tables for
recording the results that lead the pupils in the comparison process to answer the research question. Pupils find out which shape of the object (ball, cube, hollow hemisphere
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and egg) causes the moving platform to slow down. It is important to use objects of
approximately the same size made of the same material (polystyrene is proposed, which
can optionally be frictionally rubbed to the desired shape and is relatively easy to mount
on a sloping platform) to realize that if we want to see if the shape of the object can slow
down the movement of the object, we only need to change the shape of the object, not
its size and weight.
Pupils should find out that shape of the object affect its movement, for example, a hollow
hemisphere facing the forward opening significantly slows the movement of the object across the board. On the contrary, the ball and the egg (especially when it is turned forward
with a blunt end) hinder the moving object less. These findings should be consistent with
the results of air resistance measurements of various body shapes (see figure).

Task 13
Materials and tools for a working group:
• skewers, wooden sticks, pins, plastic spoons, plasticine, rubber bands of different sizes,
adhesive tape or hot pistol
In previous tasks, pupils explored how objects fall to the ground when they are fired in
different directions and differently forced, and how the fall is affected by the shape of the
object being thrown. First, the teacher summarizes what they already have discovered
and starts discussing how people have used this information in the past. It can also only
directly follow up on the twelfth task and recall the historic object throwing device –
the catapult. He can show historical catapults to pupils or discuss with their pupils their
experience with the catapult (whether they have seen them, heard about them, noticed
them in historical movies, in museums, or in fairy tales). Then he suggests pupils to try
to construct their own small but functional catapult model that can be used to shoot the
polystyrene spheres they used in their previous tasks so that they can continue as far as
possible (technical challenge).
The teacher will show the pupils the tools using which they will try to build the catapult
(skewers, wooden spatulas, pegs, plastic spoons, plasticine, rubber bands of different sizes,
adhesive tape or hot pistol). Teacher encourages pupils to look carefully at the drawing of
the catapult in task 13 and asks them to propose the simplest version of functional catapult
while using only the materials available, thus pupils should have a possibility to observe
the materials and tools.
During designing the teacher lead the pupils to consider what they already know about
shooting objects and how to get bullets as far as possible. A classic, sophisticated technical
solution builds on a natural understanding of how the phenomenon behaves in different
conditions. The teacher should avoid pupils to use trial and error method at this stage. Intuitive solutions are also interesting in the development of technical education, but this taskis
deliberately included in the research of oblique litter and therefore it would be interesting to
exploit the potential of acquired knowledge in previous research tasks. This will foster the
pragmatic importance of science knowledge (the development of the notion of science; the
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13th Big Idea of Science). Pupils can present their designs or try to construct them immediately. The discussion is very fruitful for making the proposals thought out. Further pupils
create a catapult prototype according to their own design/proposal. They are likely to find
themselves, at the very design stage, that not everything can be constructed as intended, thus
teacher encourage them to make intuitive changes in the initial proposal.
Since the catapult had to be created (according to the call) in such a way that the fired object would hit the ground as far as possible, the pupils will verify the success of the catapult
construction by comparing distances reached by catapults constructed in different groups.
The winning catapult is then an object of further investigation – pupils try to judge what
makes this one the best one. By comparing, but also observing precisely how the catapult
behaved when firing a ball, groups can adjust their catapults and try again. It is the changes
that pupils made to their prototypes that are the basis for the conclusion in which pupils
find out how the catapult needs to be constructed (which is essential to the structure) so
that the object reaches as far as possible
Úkoly 13 a 14 lze realizovat zvlášť od předchozích úkolů (8 – 12), tehdy je technická výzva
ke konstrukci katapultu víceméně realizována intuitivní konstrukcí s použitím metody
pokus-omyl. Následně žáci zkoumají, jak se mění funkčnost katapultu jeho různým nastavením (Úkol 14).

Task 14
Materials and tools for a working group:
• catapult from previous task
The teacher leads the pupils to observe the catapult on the picture. The figure shows a certain catapult setting and also where the ball will land after launching the catapult. The
task of pupils is to discuss how to change the catapult setting so that the ball falls closer
(target 1) or beyond (target 2). In principle, two things can be changed oncatapult. The
first is how much we pull the catapult down (lever) and the other is how much we pull the
rope that holds the ball arm. The teacher discusses with the pupils what they themselves
identified. The predictions will arise from the discussion, as pupils only assume that, after
some proposed intervention, the ball falls into the target. Their next task is to find out if
how they think about setting up a catapult is in line with how the catapult actually reports.
In order to connect the task with the development of related big idea, it is suitable to
discuss with pupils how gravitational force is acting and how it is necessary to act on the
ball so that the ball falls where they want. Practically, it is possible to carry out the verification by testing the distance to which they will be able to shoot the polystyrene ball with
their catapult, and then make two targets from this distance, one closer and one further
and try to set the catapult to hit the targets.
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Task 15
Materials and tools for a working group:
• PET bottle, pipe, nozzle, paper, scissors, glue, gauge from task 10
What pupils have found in Task 10 and also what they examined in Task 14 can be verified
by performing Task 15. Investigation is aimed at relationship between angle of shooting
object and how far the object can hit the ground. It is also possible to perform this task separately from Tasks 10 and 14, at which point the task is to create an inductive conclusion
on the explored relationship between the shooting angle and the impact distance.
To carry out this activity, the teacher needs to construct a simple device to drive a paper
rocket usingair flow (see Figure 15). Hitting the PET bottle, pushed air reaches the end of
the pipe and shoots a paper rocket that we put on the end. If we want rockets to get further
under the influence of moving air, it is advisable to place a nozzle on the end of the pipe,
i. tapered hose profile that causes air to compress and thus accelerate its movement. However, the device also works without a nozzle. The teacher first presents the equipment to the
pupils and explains how to use it. The first task for the pupils will be to create a paper rocket that will flow the furthest if they put it on the end of the pipe and shoot it out with air
flow. In order to understand what is expected of them, the teacher can have a very simple
paper rocket ready and demonstrate the functioning of the mechanism.
To consider different options, the teacher leads pupils to think whether it would be better
to make a longer rocket, shorter one, whether it is suitable to make a side squadron, as
we can see on a real rocket, whether a rocket needs to be balanced, should be heavier at
the front or back and the like. Subsequently, pupils try to create paper rockets, with the
teacher guiding them in that they need to be made so that they can be pushed onto the
„starting device“ (nozzle or hose outlet). After preparing rocket prototypes, the teacher
guides the pupils to try out the missiles. As in Task 13, they also have the option of modifying their prototypes to fly further by comparing their own prototypes with prototypes
of other groups.
Subsequently, they select the rocket that flies the farthest and use it for further investigation. The teacher suggests to the pupils to find out how far the rocket will fly if we change
the angle of the pipe. For this purpose, they use a simplified protractor (see Task 10). If
the pupils were not familiar with the function of this device before, the teacher will ensure
it first. They put the simplified gauge on the pipe and see what number the string shows.
They adjust the pipe so that the string points to the number shown in the table. They shoot
the same rocket several times from the set device and measure the distance to which it
has reached. They gradually change the angle of the shooting pipe according to the values in the table and add the data obtained (measured distance of the rocket impact). The
measured data are then attempted to mark the graph. The table determines the measurements only for some values on the protractor. It is the intention that pupils realize that it
is not necessary to have a complete set of measurements to reach a conclusion. It is then
possible to work with the created chart in terms of developing extrapolation capability.
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Thus, the students only record the values measured for the selected angles in the graph.
Subsequently, they try to conclude on the basis of the graph.
In line with the findings of Tasks 10 and 14, pupils will see that the distance increases and
then decreases. By extrapolation (by creating an approximate curve) it is thus possible to
determine what is the optimum angle under which the rocket needs to be fired to ensure
it reaches its farthest. It is also possible to deduce to what angle the nozzle needs to be set
if we want the rocket to reach a certain target. By solving the first part of the task, in principle, pupils learn to calibrate a created tool on a particular rocket. With the same rocket
then they can hit the target quite accurately using the measured calibration data.
As you can see, the scale on the simplified protractor is reversed. That is, if the pupil has
a value of 9, then the protractor does not point perpendicularly to the ground surface, but
shows a perpendicular direction to the gravitational force of the earth.

Task 16
Materials and tools for a working group:
• balloon, string, straw, wool, thread, scissors
The task is partly focused on investigating the action of the friction force and also on the
investigation of the effect of air resistance. The teacher starts the activity with a stimulating
situation in which he inflates the balloon and further releases it. He discusses with pupils
about what causes this object to move. In principle, it should be clear from the discussion
that the force that causes the movement may not be often visible, but it certainly affects the
body if it started to move (as in the wind or drafts). It is enough to generalize that the body
moves due to moving air. Sometimes objects move in the direction of air movement (for
example, in the wind stream, hair dryer, etc.), otherwise they move in exactly the opposite
direction. In this case, it is the principle of the Newtonian Third Law, but the pupils are not
yet able to understand it in this sense of action, so it suffices if they have enough experience of how this phenomenon behaves under different conditions.
The teacher asks the students if they think that how long a balloon is flying depends on
how much we inflate the it. He suggests to try it out. He guides pupils to see how they will
verify this prediction (see scheme in Task 16). The device needs to be made long enough,
preferably through the whole class. If we inflate the balloon more, it will move quite a bit
around the string.
Pupils try whether it works and then try to makepredictions according the table in the
worksheets. First, they make a prediction for a balloon that is more inflated. They also
create a predictionabout balloon shape. In this investigation, it is necessary to ensure the
same inflation of two balloons of different shape, for example by using of a balloon pump.
In principle, a wider balloon has more air resistance than a narrow balloon. However, the
difference is only apparent with very large differences in balloon diameter.
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Another prediction the pupils make and then verify is whether the distance the balloon
will move on the string depends on string quality in comparison to the straw we use. The
string is replaced by a thick, fluffy wool that fills the entire straw area and causes much
greater friction. Conversely, a thin thread reduces friction, especially when it is a thread
with a smooth surface or a nylon.
Similarly, they also investigate whether the distance the balloon is able to travel depends
on how rough the straw we use is. The point is that pupils realize that it is not just a string,
but also a straw that can change observed results. The question is whether these two surfaces rub against each other only in a small surface or around whole the inner perimeter of
the straw. The larger the surface of the straw is, the greater friction we can expect, and the
upward movement of the balloon.
To realize this, the teacher leads them to try to draw the image of the force on the balloon
as they move (of course they only draw those they perceive). In addition to the gravitational force, they should also draw the direction of action of the escaping air on the balloon
and also the frictional force that acts in the opposite direction as the balloon-moving
force. After exploring, pupils try to draw a conclusion in which they generalize when the
balloon gets the most.

Task 17
Materials and tools for a working group:
• paper boxes, skewers, straws, wheels, polystyrene balls, plasticine, adhesive tape (preferably double-sided), rubber bands, balloon
In the previous task, the pupils found that objects, for example, can be moved by escaping
air. The teacher suggests the pupils to use this idea to move a toy car. In order to make the
task more interesting and to make the presence of friction more recognizable, their task
will be to create the car itself from available materials, which the teacher will introduce
them: paper boxes, skewers, straws, wheels, polystyrene balls, plasticine, adhesive tape
(best double sided) and rubber bands.
Pupils can create cars intuitively, or the teacher first asks them to try to agree in a group
on a common design of a car. They draw the design and then try to construct it. Similarly,
to other design challenges, pupils are also comparing the cars they created with each other
and exploring what causes that some of them are moving better than others. Usually, this
is because the wheels are fixed on the axle so that they do not cause high friction (for
example, by inserting skewers into straws in which the axes with the wheels move more
freely, without greater friction).
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Task 18
Materials and tools for a working group:
• magnet, paper clips of various sizes
In the following tasks (18–23), pupils will study frictional power, its increasing and decreasing to realize that sometimes we need to increase friction and at other times reduce.
The teacher can build on the results of the 16th task. In this task, the pupils found that if
two objects rub against each other, a larger friction force arises that slows the movement
of the object. Teacher reminds this result and suggests to try it. He can present a research
question by considering this finding: a larger object is rubbed with a larger surface area,
even it is heavier and thus pushing the surface more and he thinks it is more difficult to
move that object. By doing so, he gives pupils an example of how to identify questions for
further investigation. He suggests exploring the friction force using magnets. Pupils will
attract a paper clip by a magnet, comparing whether the magnet attracts a biggerpaper clip
later (from a smaller distance) than a little one, assuming that the larger paper clip would
rub more on the paper. For pupils, this task has a deductive character, as their task is just
to verify the validity of the underlined explanation.
Pupils therefore do not make predictions, but merely carry out measurements as suggested
by the teacher. The same magnet is approaching the paper clip that is positioned exactly
where it is drawn. When the paper clip moves toward the magnet, they mark from which
distance it has been pulled. They will do the same measurement three times for a smallpaper clip and three times for a big one (the worksheet is formulated to guide them). The
pupil gets the data in a graphical form, so it is easy to evaluate whether the bigger one is
drawn from the same distance as the smaller one or the smaller one. Pupils then formulate
a conclusion in which (based on what results they have obtained) they comment on the
confirmation, respectively. not to confirm the thesis.

Task 19
Materials and tools for a working group:
• paper clip, magnet, paper, fleece, plasticine

Postup:
The aim of the task is to find out that the intensity of the friction force acting against the
movement of the objects on the surface depends on the object and the surface on which the
object is moving on. The measurement procedure is the same as in the previous task. The
principle is that the magnet attracts the paper clip from a smaller distance if it is on a surface
that causes greater friction. I it is necessary to exert more force on it to move the object
Pupils place the paper clip on the paper and find out from which distance it will be pulled
by the magnet. As in the previous task, the magnet must always be approached by the
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same side (either the north or south pole of the magnet) to obtain comparable results.
The measurements are repeated three times to eliminate any measurement error. Then
they put the clip on piece of fleece and repeat the measurement. The third measurement is
made with a paper clip placed on a thin plasticine layer. Research surfaces can be replacedby others, of pupils´ choice. Interesting results can be obtained, for example, by observing
the attracting of a clip placed on a fine sand paper or laid on straws.
They will conclude from the investigation when greater friction occurs, i. when it is necessary to use more force to move the object placed on the surface and when, on the contrary,
less. Pupils compare the surfaces on which the paper clip moved more heavily with those
that moved more easily. Based on the observed similarities and differences, they try to
characterize the properties of surfaces that reduce or increase friction. The more different
surfaces the pupils try, the more credible results they obtain

Task 20
Materials and tools for a working group:
• Concept Cartoons© – incline plane
The task is also focused on investigating of frictional force. The concept Cartoons© method
is used. As with some of the previous tasks using this method, it is important to have
enough time to justify claims using previous pupil experiences.
Pupils look at the picture and think about statements of three different persons thinking
about the same situation differently. Their first task is to discuss in a group which of the
statements they would agree with. Pupils should also be asked to justify their choice. Justification should be grounded in pupils´ previous experience, i. it may be an episode or
some observed situation, according to which the pupils conclude that the chosen statement may be true one. In this part of the task, it is advisable to lead the pupils to agree on
the group, but it is not necessary that there is certainty. The pursuit of compliance is to
provoke sufficient justification for the selected statement by previous experience. However, students can enroll in individual predictions.
The teacher then moderates the class discussion. The aim is to agree on a solution through
argumentation that is credible and convincing. Therefore, the teacher does not evaluate
the opinions, only compares them and draws attention to differences of opinion and in
particular to the differences in experience by which pupils support their claims. Naturally,
a number of research questions will arise from the discussion. The image provides an incentive to use previous experience, making pupils‘ ideas ready for modification. This means that the picture itself does not have a clear solution, it should lead to the identification
of what needs to be investigated. The statement that the pupils agree on as the most likely
teacher formulates in a form of a research question and guides the pupils to propose the
procedure as to whether it really is like that. For example, pupils may agree that a heavier
object will move better, or a smoother object will move better; however, there is no problem if pupils also say a combination of both, for example, that a heavy and smooth object
will move better (quicker).
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Before pupils begin to proposeprocedures to verify their predictions, the teacher discusses
what it means to move the object on an inclined board better. The term „better“ does not
specify the variable to be examined. The task therefore leads pupils to always have a tendency to determine exactly what is going to be investigated. Pupils, for example, may agree
that the better moving one is the object that gets from the top of the board to the bottom
of the board the fastest. However, it is also interesting to find that it is easier to slip the
object to which less force is needed to move up the board. While in the first case the pupils
are looking for a procedure in which they objectively compare the speed of movement of
the two objectson an inclined plate, in the second case they are looking for a procedure
by which they can objectively compare the force that is required to pull the object up the
board.
The most important part of the task (didactically the most valuable) is the discussion of
what it means that the object is sliding on (off) the board „better“ and also the part of the
activity in which pupils designed their own, sufficiently credible procedures, using they
are able to verify predictions.
The teacher dedicates enough time for designing the procedures in groups and then the
pupils present their proposals. In the discussion, it is important to focus in particular on
whether it is actually possible to verify the predictions made (by finding out the answer to
the research question). The teacher gradually learns pupils to look for potential shortcomings in the presented procedures, i. to approach objectively non-trusting proposals with
a view to improving the process, or to jointly create one that everyone will understand and
trust. The procedure whereby they agree and implement and conclude the examination.
Since the implementation of the procedure is not a priority task of this assignment, it is
possible to lead the pupils to carry out the procedure for the homework and at the next
lesson, the teacher can only devote himself to the assessment, and can compare the same
conclusions to the pupils in the individual verification. If not, the discussion can be extended to find out why the results were not the same. Inconsistent results are usually caused
by other investigative conditions (i.e., failure to follow the original procedure, which must
be described in such a way that each researcher can implement it in exactly the same way
to obtain the same results).
Tasks 21–26
Some of the identified research questions from the previous tasks be verified using procedures proposed in following tasks 21 to 26. If the pupils in the previous task have implemented the procedures they have designed themselves, the following tasks can be used
to check the obtained results. All these tasks are aimed at exploring the frictional force of
moving objects on an inclined plane.
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Task 21
Materials and tools for a working group:
• inclined planes (eg 50cm and 300cm boards), 2 identical toy trucks, load
The task is to determine whether the weight of a car affects how quickly it moves downhill.
Thus, pupils will find out whether the heavier objects move on an inclined plane faster or
slower. Partial task is to find out if this applies to any long boards. The heavier car is accelerating less than a lighter car due to the greater frictional force. However, it is also true that
a heavier car accelerates more than a lighter car. Therefore, lighter car will reach the end of
the board earlier. However, when we do the same observation on a long (equally inclined)
board, the heavier car will overtake more easily and be the first end of the board. If we
continue to observe cars, the heavier car will travel a greater distance, as it has increased
momentum as it moves down the board.
After identifying the research question (Will the weight of the object affect the speed of its
movement?), The teacher leads the pupils to make predictions, the first only for observation ona 50 cm long board. Pupils mark 1 and 2 with the appropriate boxes for those cars
they think will be the first or the second. Subsequently, the teacher discusses the practical
implementation of the verification with the pupils. In order not to measure the time (quite
difficult to measure it appropriately exact way), they will create two equally inclined planes
(it is advisable to incline the boards to less than 45 degrees to slow down the movement of
the car and thus better register which one will be at the end of the board as first), on which
both cars will run at the same time. It is very important to use the same cars, while one of
them loads the load, the greater the better the difference in weight is. For this important
moment, the teacher warns them to be aware of the planning of the verification.
After constructing inclined planes, pupils verify their predictions. It is very important to
run the cars at the same time, so it is good if the carsare started by the same person who
can better capture the same moment. It is necessary to repeat the observation several
times, it is necessary to repeat it until the pupils perceive the observed result as proved,
ie. they trust him. They record the observation result in the verification and evaluate the
predictions.
While trying to answer the research question, the teacher asks pupils whether cars would
behave the same if they were moving on a longer board. It leads pupils to create the conditions for moving cars on a three-meter board. After making predictions and justifying
them, the teacher focuses on the design of the verification procedure. Although partly
illustrated by the figure in the table in Task 21, it is only a scheme to which conditions
need to be determined. For example, a teacher will point out that if we want to find out
whether the length of the board affects whether heavy or light car will reach end of the
board first, pupils should create a board that is equally inclined, only longer. He therefore
suggests that the „slope“ (angle) of the board from the first part of the task be measured by
their own gauge, which they created in the tenth task, and using the same gauge to adjust
the three-meter board so that the angle is the same. They should thus obtain different long
but equally oblique boards. The verification procedure will then be the same as in the first
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part of the task. The result of the verification will record and evaluate their predictions and
then try to answer the research question. The answer to the research question and what
the new one finds will conclude.

Task 22
Materials and tools for a working group:
• inclined plane, toy truck
In the previous task, the teacher pointed out that if pupils want to determine whether the
speed of loaded and non-loaded cars on the inclined plane is affected by the length of the
board, they will have to use two unevenly long boards equally inclined. Pupils are addressing the research question: Does the angle of the inclined board influence an acceleration
of the object that moves on it?
Pupils create predictions. The picture also shows how they can verify their predictions. Various large angles can be obtained by placing multiple books under the same board. In this
case, however, they must use two identical cars, both without load or with the same load,
when verifying. They will verify their predictions by repeating the observation several
times. They compare the verification with the prediction and conclude the investigation.

Task 23
Materials and tools for a working group:
• board, jar with lid, ruler (measuring tape), water (eventually prasticine)
The goal of the task is to find out whether the friction depends on how heavy object is
moving on the surface. First, the teacher discusses the predictions with the pupils, introducing the question so that the pupils understand it the same way. The task is to propose
a procedure how the pupils would find that they need more strength to move a heavier
object. After making predictions, the teacher discusses them with the pupils. Further they
choose one of the proposed procedure (if it is appropriately credible) or follow the procedure proposed in task 20. The procedure for verifying the prediction is that we place the
object we are examining at the top of the board, which we begin to lift slowly. At the moment when the container begins to slide over the surface of the plate due to the constant
force of gravity, the pupils measure the height at which the plate had to be lifted to force
the object to move the object on the inclined plate.
Since the objective of the task is to find out that friction depends on the weight of the object, pupils use a jar with a lid for thisinvestigation, for example a plastic food container
with a lid. To keep the size of the object the same, they gradually add different amounts of
water or plasticine to the container and examine whether the heavier container slides later.
If the pupils use plasticine to increase the weight of the container, it is advisable to fasten
the plasticine to the container so that it does not move during the tilting of the plate in the
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container, which can impact the container wall and move it over the plate before moving
the plasticine in the container.
Pupils repeat each measurement the three times to obtain three numbers for each of the
three situations. On the basis of these data, they formulate a conclusion in terms of verifying predictions and answering a research question related to the magnitude of the frictional force and the weight of the object.

Task 24
Materials and tools for a working group:
• board, wooden block, ruler, plasticine
In addition to weight, the level of the friction force that acts in the opposite direction depends on the size of the surface by which the article is placed against the pad. This means
that if we have the object we want to move, it is advisable to place it on the side that has the
smallest surface, resulting in less frictional resistance when moving on the mat. The task is
formulated inductively, so the teacher does not express this thesis, but suggests a research
question in the word: Does the size of the friction force depend on the surface by which
the object touches the surface on which it moves?
After introducing a research question the teacher discusses with pupils theirpredictions
and the way in which this phenomenon could be explored. As the task is formulated inductive way, it is important to use the procedures suggested by the pupils if they would provide sufficiently credible (objective) data to unambiguously verify the proposed predictions.
If the teacher does not have sufficient time for proposing investigation procedures, he/
she can offer the pupils procedure prepared in advance (as shown in the table in Task 21).
However, in this case, he is assured that pupils perceive the link between the proposed
procedure and the research question.
To carry out the verification, pupils will need a block whose sides are significantly different. To verify that a larger frictional force is exerted on the object when it is lying on the
surface by larger side, they use the same board lift procedure as in Task 20. Pupils should
find out that the smallest friction occurs when the object moves along the smallest side
(in the case of picture is page B). The problem arises somewhat with the stability of the
object, especially when it is built on side B. Sometimes the cuboid tends to overturn before it moves. To prevent this, we can reduce the center of gravity of the cuboid by gluing
plasticine pieces around the perimeter of the sides of the block. If we do, then we have to
stick the same piece of plasticine to the cuboid also in other tested situations (when the
cuboid stands at the edge of A, and C), so that we do not change the weight of the object,
since the magnitude of the friction force also depends on the weight of the object that
moves along the pad.
They will verify their predictions and try to conclude on the basis of the measurements. At
the end, they can evaluate their predictions and also answer the research question about
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the relationship between friction and the size of the surface by which the object slides on
the board.

Task 25
Materials and tools for a working group:
• board, wooden block, ruler, plasticine, rough materials (eg fleece, sandpaper)
In another task, pupils investigate whether the magnitude of the frictional force that acts
against the movement of an object on a surface depends on the quality (properties) of the
surface. This relationship was examined in task 19 by measuring the distance from which
the magnet attracts a clip lying on different surfaces, so this task can be perceived as verifying the result obtained by solving the 19th task. If the pupils did not carry out the task
of 19., the research question is inductive for them, ie. the goal is to identify (not confirm)
whether the relationship between the two variables exists and if it has a character (what
surface properties cause a reduction and what friction increase).
Pupils use the same procedure as in the previous two tasks to verify predictions. For investigation they use a wooden cube sliding along a wooden board. In the first situation,
they let the block slide over the board, in the second situation they cover the board with
a rougher cloth (such as fleece, sandpaper, etc.), and in the third situation, the material is
glued not only to the backing on which the slip block, but also to the cuboid surface by
which it is laid on the mat. For each situation they repeat the measurement three times to
avoid measurement errors and conclude on the basis of the data obtained.

Task 26
Materials and tools for a working group:
• board, wooden block, ruler, materials and tools proposed by pupils
While the previous task was to investigate how it is possible to increase the friction of
a moving object, in this task, pupils investigate how the friction could be reduced. The
teacher explains that in this activity they will carry out the same measurement, but their
task will be to propose how friction could be reduced so that the cube slips quicker
The first task is to propose predictions while one example is already formulated. Each
pupil creates at least two other predictions. In addition to guiding pupils to the correct
formulation of predictions (in the form of predictive statements, not questions), pupils
realize that in research activities it is natural to have a number of predictions, while they
cannegotiate each other. We realize the research because we do not know the result, predictions targets our research activity to what is interesting for us, what we want to verify
with our previous experience.
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After making predictions, the teacher guides the pupils to verify them. Pupils adjust the
board and the block in terms of their predictions (for example, in the case of a given
prediction, both surfaces coat with cream) and observe to what height they must lift the
board to slide the block down. The prediction is confirmed when this height is less than
the height to which the board had to be lifted to slide the wooden block itself.
Subsequently they formulate a conclusion that essentially contains the answer to the research question . The conclusion should be drawn only on the basis of the findings obtained
in the investigation itself. Therefore, the pupils refer to what they have found. For example,
friction can be reduced by laying round objects, such as skewers, or by making a surface,
after which the object is moved smoother, for example covered with a foil.

Task 27
Materials and tools for a working group:
• materials and tools proposed by pupils
To move a heavier object, it is necessary to exert more force, which is then reflected in the
fact that the object has more momentum and it is more difficult to stop it. Due to the age
of the pupils it is not possible (or necessary) to solve the difference between the movement
of the object and its momentum, but pupils can examine the manifestation of the momentum of the object. The task is focused on exploring the manifestation of momentum when
trying to stop objects of varying weight.
The teacher will present the research question by discussing the experiences of pupils
with various damages caused by dropping or slipping objects. The discussion leads to the
question: Will the heavier object ever cause more damage, or can the lighter object cause
more damage? The taskis open-minded, meaning that the taskis a priority for developing
competence to examine phenomena in a sufficiently objective manner, i. so that we can
trust the result. Therefore, it is the task of the pupils to propose an examination procedure.
Pupils make suggestions in groups and then present them to other groups.
It is interesting to encourage pupils to actively seek out the potential problems of the proposed procedures in order to find a procedure that would certainly work and be feasible
in school conditions. The teacher also enters the discussion, especially if he sees that the
procedure does not have the characteristics of a precise examination. However, he does
not directly criticize the pupils‘ suggestions, but rather leads the pupils to discuss how
they would deal with the problems he sees when they appear during the investigation. For
example, it leads a discussion on how to measure which of the moving objects is heavier,
which moves faster (or how to ensure that they move equally) and which causes more
damage. They will try to implement the selected process and, based on the data obtained
(if credible), will conclude the investigation. Suggestions for changes to the review process
may also be included.
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Task 28
Materials and tools for a working group:
• siloměr, závaží, nádoba s vodou
The teacher reminds pupils that they have explored different situations in which it is sometimes possible to move with the same object relatively difficult and sometimes very
easy (sometimes it seems heavier, sometimes less heavy). He asks students about such situations, either from previous research or from their previous experience. The discussion
leads to a situation where most of the pupils are likely to have the experience of lifting
objects under water and above water. He will present this situation as one of those things
where the same objectonce seems lighter and sometimes harder. He suggests that they
examine it better and see if the object is actually lighter in the water.
In this task, pupils do not propose the procedure, it is already intentionally given, so that
the pupils become familiarized with the dynamometer, which they will later use when
examining the functionality of simple machines. It is suitable if the teacher shows the dynamometer to the pupil before performing the task. He may not explain how if it works,
as its use is fairly intuitive. In order to make sure that pupils understand how it is used, he
will ask them to try to explain how they would use this tool to find out whether objects in
water are lighter than outside water. Subsequently, the pupils will be provided with water
containers, and the pupils will find out whether the object (weight, sinker) will cause the
spring of the dynamometer to be stretched equally when the object is in water as it is above
its surface. After the observation, they evaluate what they found.
The result of the investigation is the starting point for making predictions about how the
same object will behave in other liquids, such as salt water or oil. Therefore, the teacher
leads the pupils to record in the table the value read on the dynamometer when the object
is below the surface and when the object is above the surface. Based on what they have
found, and also on the observation of salt water and oil, they will try to make a reasonable
prediction as to whether the value on the dynamometer will be smaller, larger or equal
when the object is immersed in salt water compared to when the object is immersed in
water. Subsequently, they realize the measurement and formulate the conclusion of the
research based on the results obtained.

3.2 Working with ideas about simple machines
Movement and movement of bodies are used in simple machines. The following activities
are aimed at exploring selected simple machines on which a change in motion can be observed by the action of various large forces. In particular, the pupils examine the inclined
plane, the lever and the pulley. All these machines are used to facilitate work. If used in
some way, they can reduce the effort exerted to change the speed and/or direction of movement of objects.
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Task 1
Materials and tools for a working group:
• worksheet
A teacher can begin this set of tasks by discussing how a person is moving objects during
various activities. From very simple movements, such as writing, to very demanding movements of objects, which are often seen in the construction of large buildings. Man often
helps to move and carry objects using different machines. The machines can be driven in
various ways, such as gasoline, diesel, electricity, gas, but they are also those that require
no fuel (they are powered by human power and fuel is human food) and yet make it easier
for a person to work.
To make entry into simple machines more interesting for pupils and to benefit from previous experiences and intuitive solutions, the teacher will set the pupils a task in which
they have propose how to carry an old washing machine down the stairs and how to bring
the new up the stairs. Various tools, but not power tools, can be used to facilitate this operation. It is advisable if the teacher leads them to try to figure out a way to make it easier
for them to transfer their washing machines and only require items that can be found at
home or in the garden or in the home workshop.
Pupils have a lot of experience in using different simple machines at this age and often use
them very intuitively and correctly even though they have no systematic knowledge of
them. Therefore, it is interesting to observe how they deal with this task. Based on the suggested solutions, the teacher can find out which simple machines pupils have experience
with. Usually it is a wheel and an axis and an inclined plane.
After the proposals are made, they are presented to other groups. Together, they assess the
feasibility of the proposed solutions and conclude which proposal is likely to require the
least effort. At the end of the discussion, the teacher points out that they are thinking just
how best to move the washing machine and suggest that they try it out. However, in order
not to carry such heavy loads, they will try it with smaller items. The purpose of their
further research will be to find out which of the proposed practices actually make it easier
for people to work. But first, they need to figure out how to measure the force that needs
to be used to lift, pull, or print. The teacher leads them to solve the second task.

Task 2
Materials and tools for a working group:
• 4 same jars with handles (buckets), sand, gravel, wood, stones, dynamometer
For stimulating situation, we recommend preparing 4 smaller buckets with different materials (eg sand, stones, gravel, wood). It is advisable to use different materials so that the
pupils do not estimate the weight of the buckets according to how much material there is.
It is sufficient to use smaller plastic buckets (bigger packages of yogurt).
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The task will be to find out which bucket is the heaviest one. The teacher can use following
instruction: Put buckets in order according to how much effort you need to lift buckets
on a chair. Pupils can handle the buckets and propose the order according the perceived
differences.
Differences in the weight of individual buckets should not be very large, so that subjective
determination is not easy for pupils to do, but rather to get the feeling that they need a tool
to find out the differences, by means of which we can determine the order accurately, or
with which we can also determine differences in the strength we spend on raising the
buckets. The teacher guides the pupils to try to figure out a procedure or a device directly
to be able to tell with certainty which bucket is more difficult to lift and also to measure
these differences. They are asked to write their proposals and list the tools they will need
to try it. After completing the proposals, the teacher leads the pupils to present them to
other groups. On the basis of the discussion, the pupils can adjust their proposals and then
verify their functionalities. They will assess whether the proposed procedure able them to
identify the differences between the effort exerted to raise the buckets.
Upon completion of the verification, the teacher suggests the pupils to investigate how
differences in bucket weight can be measured using dynamometer. They recall how the
dynamometer works and the results obtained by their own procedure are checked by comparing the weight of the buckets to the dynamometer. Since a dynamometer will be used to
verify the proposed bucket mass measurement procedures, the bucket size and the amount
of load compared will need to be adapted to what kind ofdynamometer the pupils will use.

Task 3
Materials and tools for a working group:
• dynamometer, chair, board (inclined plane), bucket
As pupils have a tool to measure the force (the dynamometer they used in the previous
task), it is possible to start exploring how individual simple machines work. First of all, it
will be the task of the pupils to find out whether we use less or equal force to pull the load
on the chair by using an inclined plane, compared to a situation where we do not use the
inclined plane. For comparison, they will use a dynamometer or a teacher can lead them
to design their own procedure. In the first case, the teacher can follow the task 3, in which
he leads the pupils to make predictions as to whether by pulling on the inclined plane
they pull a bucket using less effort comparing direct lifting the bucket on the chair. The
situations are shown so pupils can imagine the way in which they are going to compare the
situations using dynamometer. In this case, making predictions is easier.
Very important is the discussion with pupils on how to determine whether or not the
prediction is confirmed. This is to determine whether pupils are aware of how to use a dynamometer to compare the effort required to pull a load on an inclined plane and without
using it. As the teacher suggests the procedure, it is important to find out whether the proposed process of verifying predictions is understandable to pupils. The goal of the task is
not only to verify whether the inclined plane reduces the effort to pull the load up, but also
150

I – S.K.Y.P.E. Methodical Handbook for Teachers
3. Changing the movement of an object requires a net force to be acting on it

to make pupils realize, by way of example, how to use a force measuring tool to examine
commonly observed phenomena.
After making the predictions, the teacher guides the pupils to verify them and record the
observation result (verification of prediction) in the relevant part of the table. They will
evaluate the predictions by comparing them with the result of the observation, emphasizing at the end what the conclusion can be made.
To make a proper conclusion it is suitable to discuss the force we use to pick the load up. In
the pictures pupils can mark with a green arrow to indicate which direction they forced on
load. At the same picture, they mark a red arrow to indicate in which direction it is pulled
down due to the force of gravity. Despite the fact that at this age we do not expect children
to understand the net forces, it is appropriate to lead them to realize that when pulling on
an inclined plane, we force the load in a different direction compared to direct pulling of
the bucket on the chair.
In addition to the action of gravitational force, pupils can also try to mark the friction force. In previous tasks, they have found that friction can be reduced, and thus, in this task,
they can investigate whether it is possible to reduce the effort required to pull the load
upwards by reducing friction when moving on an inclined plane. It is good to highlight
the direction of the forces acting on moving objects in all of the following tasks, so as to
gradually create the correct notion that different forces are constantly acting on the objects
and the objects change their movement only if these forces are in imbalance.

Task 4
Materials and tools for a working group:
• various long boards (50, 80, 100 and 120 cm), cube (30 cm high, base to create inclined
plane), dynamometer, bucket or other object suitable as a load
In the third task, pupils find that by moving the material on an inclined plane, we spend
less effort on lifting the load comparing pulling the load directly without using an inclined
plane. Task 4 is aimed at detecting differences in effort using differently inclined planes.
The aim of this activity is to develop the capability to measure and use the measurement
result to express an objective (fact-based) conclusion. The verification process is given
again, so it is advisable for the teacher in the initial discussion to make sure that pupils
understand the principle of the method of prediction verification. If the pupil does not
understand the principle of the proposed verification procedure, he/she will implement
the procedure itself, but will not be able to relate the result of the observation to the established research question, respectively. with a presumption.
Differently inclined planes are createdusing differently long boards (50, 80, 100 and
120 cm), using the inclined planes we want to get the load to the same height (30 cm). It is
advisable to adjust the height and length of the inclined planes so that the pupils find differences when pulling a particular load. Therefore, the use of inclined planes must be tested
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in advance with specific materials, and an appropriately heavy load should be selected, as
well as an appropriate scale.
Pupils make measurements and record numeric values (from the dynamometer) into the
appropriate cells of the table. They repeat the measurement three times for each inclined
plane in order to be sure that they have measured the data correctly. If one of the three
measured values is significantly different from the other two, pupils should exclude the
measurement from reasoning because of a probable measurement error. In this way, we
develop the ability to measure, which leads pupils to make objective judgments and teaches them the precision typical of scientific research. Then pupils try to reach a conclusion
and support the stated conclusion by comparing the numerical values (they argue with
the measured data in the sense of the conclusion). The conclusions and their reasoning
by means of measured data will be entered in the section for the result of the observation.

Task 5
Materials and tools for a working group:
• closeable jars of the same size, water, material to create an isosceles lever (eg plate and
triangular prism)
The fifth task is to clarify the use of the lever as a simple machine. Pupils solve the research question: What does it depend on whether two objects on two opposite sides of an
isosceles swing will be in balance or not? The taskuses closable jars of the same size with
a various amount of water (full and half-empty cup), so that the situation in the pupils
evokes the concept of differentlyweighted but equally large objects.
Three positions are indicated on the isosceles lever, which the pupils can mark with numbers in order to be able to speak about the observations and results of the observation. It
is advisable to use a thinner plate, but not so thin as to bend; and adequately long. Swing
must be tested beforehand in order to detect differences arising from the worksheet. If the
swing is too short (the spacing of points 1, 2 and 3 on which the cups are placed is small)
and the board is relatively thick, balancing with glasses of different weights may not be
accurate.
Pupils make predictions. In particular tasks, they must observe not only the place of the
isosceles lever, where the jars are placed, but also whether the jars are full or half empty.
The simpler task is to create predictions where the task of pupils is to indicate in which
situations the isosceles lever (swing) will be balanced. Pupils express predictions by marking these situations. A more difficult task is to assume which side of the lever will be tilted
if the isosceles lever is not balanced. Students can record this predictions with a green
arrow directly into the images.
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It is advisable if the teacher asks pupils to justify the predictions. It is enough if he puts
questions when presenting predictions (frontal or individual in each group when preparing predictions): What do you think? Do you have the experience that supports your prediction? The reasoning of the stated prediction develops the skills of making predictions,
the predictions differ from the guesses, as they are justified by at least pupils´ own experience or knowledge. Because the predictions are justified, the research itself is functionally
linked to previous experience, and at the same time pupils perceive that research helps
them to clarify commonly observed phenomena.
After making the predictions, the pupils realize observations. The teacher should have
a isosceles lever tested in such a way that the placement of full and half-empty cups on the
individual lever positions creates differences. Pupils record the result of the observation
in the verification section – they indicate those situations that were balanced. After observation, the teacher leads the pupils to generalization of the conclusion. The balance of the
swing (lever) does not only depend on the relative weight of the two objects, but also on
the position of the objects on the swing (balance) arms. Pupils should conclude that the
further we move the object from the axis of rotation (the center of the swing), the more
force we have to exert on the opposite side of the swing to lift it. It is advisable to encourage
pupils to formulate a answer to the research question: What does it depend on whether or
not two items on two opposite sides of the swing are in balance? In this way, we support
pupils‘ meaningfulness in setting research questions.

Task 6
Materials and tools for a working group:
• isosceles lever from previous task, 2 lumps of plasticine of similar size
Task 6 is a direct application of research findings from Task 5, so it is advisable if they are
implemented in this sequence. The aim of the task is to make pupils aware of the use of an
isosceles lever when comparing the weights of objects (the principle of isosceles balance).
Pupils have two lumps of plasticine of similar size, the aim of which is to determine which
one is larger (thinks heavier as both articles are of the same substance), have an isosceles
(swing) to determine. It is advisable for the teacher to lead the pupils first to compare two
plasticine chests, for example, by hand gripping, so that the pupils find that the minor differences are rather difficult to detect. We do the research to make sure we compare.
An interesting task is to encourage pupils to try to propose their own way of finding out
which of the two plasticine lumps is larger. If the teacher entrusts such a task, he or she
should give enough time to the pupils to prepare the answer, and should also be given
adequate time to discuss the various proposals and give the pupils the opportunity to
make their proposals.
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Pic 40: Zisťovanie hmotnosti plastelíny

In the task itself, pupils are guided to make predictions about which of the four situations
will allow them to find out which piece of plasticine is larger (heavier). The predictions
are recorded and substantiated by the results of the research from the previous task. They
then verify the predictions. In order to check whether they have actually obtained a relevant result by comparison, they need to use a true-false test, i. find out which of the two
pieces of plasticine is actually bigger. They can find it out usingscales, but for example by
dipping plasticine into the water and comparing the amount of water that the plasticine
displaces is interesting proof as well. Upon observation, the teacher guides the pupils to
formulate a conclusion indicating how the weight of the two objects can be compared
using the swing.

Task 7
Materials and tools for a working group:
• materials and tools designed by pupils
The seventh task is also aimed at exploring the use of the lever, but this time in the form
of a wheelbarrow. The research question is aimed at investigation of wheelbarrows with
shorter and longer handles. Pupils task is to find out whether working effort relates with
length of wheelbarrow handles.
Pupils are asked to make predictions about differences in handling the wheelbarrow when
lifting the load. In order to make it easier for pupils, it is sufficient if they choose one of the
proposed predictions listed in the worksheets, or, if they do not agree with either of them,
they can create their own wording of the prediction. By proposing predictions we provide
the pupils with a pattern in the prediction making. At the same time, pupils realize that
it is natural to have several different predictionscreated. We realize the research because
we want to find out what we are not sure about, with predictionsspecifying what is being
investigated. Pupils assume that there is a difference in the effort exerted to lift the load in
the wheelbarrow if we grab the hands away from the load. The drawing shows three positions of the handle grip. After creating the predictions, the pupils propose a procedure
by which they can verify their predictions. They will discuss, implement and evaluate the
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proposed procedures. The conclusion is in the form of an answer to the research question:
Which wheelbarrow facilitates work more, with long or short handles? In conclusion, pupils can also add other interesting findings.
After the assessment, the teacher can guide the pupils to discuss what should be the optimal length of handles for the wheelbarrow. Pupils consider the different factors (even the
research suggests that the longer the handles, the easier the load is, but the long handles
also have their own cons).

Task 8
Materials and tools for a working group:
• dynamometer, material for pulleys construction (wheel, plate, string, nail, paper clip –
or what the pupils suggest), bucket with load
In the following task, pupils compare the use of fixed and free pulleys. The teacher can
start discussing whether pupils have ever seen a pulley. It is important to show the pulley
that the pupils know what the teacher is talking about. They could see the pulley, but they
might not be able to name it. The task of pupils is to find as many devices as possible on
the Internet that use the pulley. In this way, pupils realize that pulleys are used in many
places, and are usually designed to simplify the hauling of loads. The teacher suggests that
the pupils try to create the pulley and check its functionality.
First, they construct the pulleys according to the drawing scheme (worksheets). The teacher guides the pupils to describe how the fixed and free pulley isdifferently constructed.
The teacher will draw pupils‘ attention to details. The teacher leads the pupils to make predictions linked to the new research question: Is there a difference in the amount of effort
exerted when pulling the load using a fixed and free pulley? This time they formulate
predictions in their own words. Consequently, they verify the predictions by constructing
and comparing the pulleys with the use of a dynamometer. Theyformulate the result of
the observation in the form of an answer to the research question. Pupils find that the use
of a free pulley reduces the effort that is required to pull the load up to half compared to
a fixed pulley. They also find that by using a fixed pulley we put as much force on the load
as without using it.

Task 9
Materials and tools for a working group:
• pulley from previous task, pulley with larger wheel, bucket with load
In the previous task, pupils found that using a free pulley can reduce the effort to pull the
load up. The ninth task addresses a new research question: Does the magnitude of the
force that we lift a load with a free pulley depend on how big is the wheel we use on the
pulley? Pupils formulate predictions and verify them by constructing two pulleys using
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differently sized wheels. Since they have found in the previous task that a fixed pulley does
not reduce the force used, it is necessary to construct free pulleys. Also, it is important to
discuss with pupils what and how you need to measure and also have a pre-thought when
the predictionscan be confirmed. I what results need to be obtained in order to confirm or
not to confirm the difference in force that needs to be exerted to pull the same load with
free pulleys with an unevenly large wheel.
The conclusion of the investigation is formulated in the form of an answer on the research
question. In carrying out the verification, it is important to alert the pupils to the same
constant conditions of verification (working correctly with the variables of the examined
situation) – to use the same twine, the same smooth pulley surfaces, the same high cost,
and so on, so that any difference between the two pulleys caused only by the size of the
wheels used on the pulleys is actually found. A sense of working with variables is only
being developed by these activities at the first stage of primary school, so it is often necessary for the teacher to direct pupils to be careful about setting comparison conditions

Task 10
Materials and tools for a working group:
• material for pulleys and pulley blocks production according to worksheet instructions,
dynamometer
The aim of the task is to investigate the combination of fixed and free pulley, where in this
case it is not just a comparison, but also a quantitative measurement, that is why the effort
exerted will be expressed by the value of the variable (measured on the dynamometer scale). In the first part of the task, pupils construct individual pulleys and use a dynamometer
to measure the force needed to lift the load. They write down the data. In order to develop
the ability to measure, it is advisable to encourage the pupils to repeat the measurements,
so they repeat the measurement for each situation three times and enter all the data in the
prepared fields in the table. Alternatively, it is possible to obtain data the way that each
group carries out one measurement and provides the measured values each other. Here,
however, the values may vary, giving a place to discuss what may have caused differences
in the measured values. If the measurement is done the same way, everyone must get the
same results. If the results were not the same, the measurement was probably not exactly
the same. Being aware of this connection also belongs to the development of the idea of
the science process.
The task is partly constructional in nature, since the design of a free pulley assembly
requires design thinking and skills. Working with measured values is more or less naturalistic; the pupils conclude from the measured data. The teacher can help pupils to draw
conclusions by drawing their attention to trying to evaluate when the pulling of the load is
easiest. An essential part of the conclusion is the reference to measured data. This means
that the pupil must support his/her conclusions with the measured data, thus ensuring
that the pupil argues the outcome of his/her observation. The process of argumentation is
an essential element of the development of scientific communication.
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In order to make the conclusion easier and at the same time to learn how to convert the
obtained data into a graphic form, their task is to record the measured data into the prepared diagram. In order not to calculate the average value of the three measured values, they
record all measured values in the diagram. Students should have a graph in which the first
two sets of columns are approximately the same (the same force is needed to pull the load
with a fixed pulley and without a pulley), the pulley value is halved and the pulley value is
reduced again. The decreasing tendency of the diagram clearly shows which pulley design
makes it easier for us to work. It is also interesting to discuss with children why a fixed
pulley is used if it does not reduce the force needed to pull the load. Pupils can try to find
an explanation online and further discuss the findings.
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THE TOTAL AMOUNT OF ENERGY
1. THEORETICAL PART OF THE CHAPTER
1.1 Description of the scientific concept (according to Wynne Harlen, 2015)
Energy can be
transferred from
one body or
group of bodies to
another in various
ways

Many processes or events involve changes and require an energy source to make them
happen. Energy can be transferred from one body or group of bodies to another in various
ways. In these processes some energy becomes less easy to use. Energy cannot be created
or destroyed. Once energy has been released by burning a fossil fuel with oxygen, some of
it is no longer in a form that is as convenient to use.
There are various ways of causing an event or bringing about change in objects or materials. Objects can be made to change their movement by pushing or pulling. Heating
can cause change, as in cooking, melting solids or changing water to vapor. Electricity can
make light bulbs glow. Wind can rotate the blades of wind turbines.
In all these changes, energy is transferred from one object, which is an energy source
or resource, to another. Fuels such as oil, gas, coal and wood are energy resources. Some
energy resources are renewable, such as those produced by wind, waves, sunlight and tides, others are non-renewable such as from burning fossil fuels with oxygen.

Energy
transmission

Objects can have stored energy. This can be done, for example, by their chemical composition (as in fuels and batteries). Movement, temperature or the position of objects
in a gravitational or other field can also store energy. Energy can be stored by lifting an
object. When the object is released and falls down, this energy is stored in its motion.
When an object is heated, it has more energy than when it is cold. An object at a higher
temperature heats its surroundings or cooler objects until all objects reach the same temperature. How fast this happens depends on the kind of material which is heated (and
the object was made of) and on the materials between them (heat conductor or heat insulator). A battery stores energy about the chemicals in it. The energy is released when
the battery is connected, so that an electric current flows. This transfers the energy to the
other components in the circuit and to the environment. Energy can be transmitted in
different ways: by radiation, as mechanical force, as sound in air or as light in air and
vacuum.
Many processes and phenomena – from the growth of plants to the weather – can be described as an energy exchange. The transfer of energy usually leads to a wider distribution
of energy. This process cannot be reversed and the energy of the moving of the particles
cannot be easily reused.
Energy cannot be created or destroyed. When energy is transferred from one object to
another, the total amount of energy in the universe remains the same. The amount of
energy that one object loses is the same another object gains.When the sun heats the earth,
the sun gradually loses energy through the radiation that warms the earth and other planets. The mass of atoms is a form of stored energy, also called nuclear energy. Radioactive
atoms release this energy, which may become available as heat.
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Across the world, the demand for energy increases, as human populations grow and Energy
because modern lifestyles require more energy, particularly in the convenient form of demand
electrical energy. Fossil fuels, which are frequently used in power stations and generators,
are nonrenewable. In addition, their combustion contributes to global warming and climate change. Therefore, we should find other ways to generate electricity, to reduce the
demand and to improve the efficiency of the processes in which we use it.

1.2 What are elementary school students able to understand?
(according to Wynne Harlen, 2015)
Elementary school students are already able to experience and understand the following
part of this “Big Idea”: There are various ways of causing an event or bringing about
change in objects or materials. Objects can be made to change their movement by pushing or pulling. Heating can cause change, as in cooking, melting solids or changing
water to vapour. Electricity can make light bulbs glow. Wind can rotate the blades of
wind turbines.
In all these changes, energy is transferred from one object, which is an energy source or
resource, to another. Fuels such as oil, gas, coal and wood are energy resources. Some
energy resources are renewable, such as those produced by wind, waves, sunlight and tides, others are non-renewable such as from burning fossil fuels with oxygen.

Keywords:
Energy
Forms of energy and sources of energy in everyday life
Electricity, and its effects: heat, light, movement
Recognize the difference between energy sources and the purpose
and necessity of energy-saving measures at school and at home
Conventional and alternative ways of energy extraction
Examples of different forms of energy conversion (e.g. water, wind, light, coal)
Rate consumption habits under ecological criteria
(e.g. waste avoidance, energy consumption)
Electricity
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2. SCIENTIFIC BACKGROUND FOR THE TEACHERS
What is energy? By definition, energy is the ability to do work. That can happen in different ways because there are many different forms of energy.
Kinetic energy

The first form of energy is thekinetic energy. Vehicles such as cars, motorcycles or airplanes have such a kinetic energy when driving or flying. Kinetic energy also can be used
to deform things. For example, if a car has an accident and drives against an object or if
the car rushes into another car or tree, the car will break, and the tree willbe damaged.
Thus, the kinetic energy was transformed into deformation energy.

Potential energy

Another form of energy is the potential energy. The concept of potential energy can be
explained to the children by the following example. If you are sitting on a bike on a hill
or a mountain, the bike has potential energy, because it can roll down the mountain. On
the way down the bike becomes faster and faster (without braking), it is accelerated. This
is called doing “acceleration work”. Therefore, a body or an object has potential energy
when it is able to fall or move down. Hydroelectric power stations also use this form of
energy. They pond the water of a river in a water reservoir. The larger the reservoir, the
more energy can be generated. The water is drained controlled. Thus, turbines from the
potential energy of the water generate electrical energy.

Elastic energy

The third form of energy is the elastic energy. Springs like those found in mattresses or
sofas have this elastic energy. For example, a spring that is tensioned can shoot e.g. a ball
upwards. This is how catapults work. When the ball flies up, it’s called “lifting work”.Thus,
the elastic energy of the spring is transferred into the kinetic energy of the ball. When
an object etc. is deformed but can returnto its original state, it has elastic energy.
These three forms of energy, , the kinetic energy, the potential energy and the elastic
energy, are called mechanical energies.

Electrical
energy

In addition to the mechanical energy, there are other forms of energy, too. One of
them is the electrical energy.An example of the electrical energy is the electricity we see
as a light in a lamp. In power stations, electrical energy is obtained, for example, by the
transformation of thermal energy. The electrical energy is transported to our houses via
powerlines. Electricity is very important to make many things work (e.g. the light, the
stove etc.). Thus, it is the most versatile form of energy.
Electricity can be produced in many different ways. Therefore,the energy has first to be
transformed. You can gain electricity from the following sources:
• Wind from wind turbines,
• Hydropower (from rivers) from hydropower stations,
• Solar energy from solar cells and photovoltaic systems,
• Coal, oil, gas are burned and the resulting heat can be transferred into electricity,
• Nuclear energy in nuclear power stations also generates heat by the splitting of atomic
nuclei, which is transformed into electricity.

Magnetic energy

Furthermore, there is the magnetic energy. You can find this form of energy only in magnets, for example in a horseshoe magnet. They can act repulsive or attractive.

Thermal energy

Another form of energy is thethermal energy. You can find this form of energy for
example in steam, because it is very hot. The enormous heat of volcanoes can also be used
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for the generation of energy. Geothermal energy can be used to heat water for the heating
of residential buildings.
The solar energy is very important for every human being. You can find this solar Solar energy
energy in the radiation of the sunlight. It is essential for our life on the earth. The sun
transfers about four million tons of hydrogen into energy every second. On the one hand,
this is known asthermal energy. On the other hand, this energy produces visible light, the
solar radiation, which reaches the earth after only eight minutes. However, there is only
a small part of the solar radiation, which arrives at the earth. Nevertheless, this small part
of the solar energy is sufficient forthe life of our planet. Nowthe hydrogen on the sun
can still supply the earth for about five billion years.
Nuclear energy is the energy between the particles in the atomic nucleus. Therefore,you Nuclear energy
can find the nuclear energy in atoms. They can produce huge amounts of energy. This
happens, for example, in nuclear power stations.
The last but very important form of energy is the chemical energy. The body can getthis Chemical energy
form of energy for example by the consumption of food or beverages. The chemical
energy in our bodies can then be transferred into other forms of energy, such as thermal
energy or kinetic energy. Even when a fire burns, chemical energy is transformed into
thermal energy. For example, chemical energy is stored in oil, gas, coal and wood, which
can be transferred into thermal energy by burning.
Plants are actually small solar power stations, which do photosynthesis within their How do plants
green leaves. More precisely, the photosynthesis takes place in the green pigment of the use solar energy?
leaves, called chlorophyll. The chlorophyll is supplied with water by the veins of the lea- – Photosynthesis
ves and gets CO2 through the leaves surfaces. The chlorophyll metabolizes the CO2 and
the water into sugar using sunlight as an energy source. Sugar gives energy to plants –
just as if food gives us chemical energy. Thus, photosynthesis is one of the few processes
with which (physical) solar energy is naturally transformed into chemical energy. As
a waste product, something important (especially for us) is additionally produced: oxygen. The plant is not able to use it and therefore releases it into the air. Therefore,it is due
to the plantsthat we have the oxygen in our air, without whom humans and animals
could not live. Plants also have another important function: they destroy CO2. Because of
e.g. coal-fired power stations, vehicles and aircrafts, we have more CO2 in the air than it
is healthy for our planet. Therefore, we should treat our environment, the individual trees
and plants with respect because they enable the life on earth. In addition, we should plant
as many new plants as possible instead of cutting down the forests.
Units of energy

fly
= 1 Joule
(flap)

match
= 1.000 Joule
(match who is burning)

car
300 MJ per hour
(automotive engine)
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Energy units can easily be converted into each other:
1.000 J = 1 kilojoule = 1 kJ
1 million J = 1 megajoule = 1 MJ
1 billion J = 1 gigajoule = 1 GJ
1 joule = 1 wattsecond (Ws)
Energy
conversion

Typically, not all energy can be used as it is. Often, the energy first has to be transferred,
as in the case of electricity, for example. That is called“energy conversion“. This actually
means that energy is transferred from one energy store to another during an event.
For example, a hair dryer converts electricity into thermal energy. Within the conversion
energy cannot disappear and be produced out of the nothing either. In order to get electricity, for example to use the hair dryer, energy which already exists, must first be transferred into electrical energy.The generation of electricity and heat in Germany (for 2016)
from renewable energy sources:
1.
2.
3.
4.
5.

Conscious
acquaintance
of energy

3600 KJ = 1 kilowatt-hour (kWh)
1 calorie (cal) = 4,18 Ws
1 kilocalorie (kcal) = 1.000 calories

59% bioenergy
20% wind energy
12% solar energy
6% hydropower
3% geothermal energy

Even if we are trying to use more renewable energies, it is best for our environment to
consume as little energy as possible.
How can energy be saved?
1. Save warm water: Those who take a short shower instead of bathing in a full bathtub
can save a lot of water. In addition, the water-tap does not have to be turned on full and
the temperature of the water does not have to be so hot. This isbetter for our skin, too.
Even a full dishwasher is more efficient and saves more water than washing by hand.
However, the dishwasher should not be switched on until it is full.
2. Turn things you don‘t need at the moment off: Light, computer, television, water, etc.
Some devices have a stand-by function that prevents them to switch off completely. To
turn them off completely, a multiple socket which can be switch on an off, can be used.
3. Economical heating: We consume the most energy in the household by heating. Therefore, in the winter, ventilation should be short and with windows fully open. A tilted
window consumes more heating than it lets fresh air into the house. So, in winter you
should turn the heating down (a little) and dress yourself warmer for saving energy.
4. Use flushing tanks with modern automatic water saving system: These flushing
tanks have an “economy button” with which only half of the water is used. This saves
20,000 liters of water in a year regarding a four-headed family.
5. Well-isolated houses need less energy thanhouses, which have no good isolation:
“Eco-Houses” or “Plus-Energy-Houses” are very well isolated and produce even more
energy than the inhabitants themselves can consume.
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6. Use the car less: People, who walk, cycle or use public transport such as buses or trains
also save energy.
7. Do not forget the lid while cooking: Those who cook without a lid or open the lid
frequently during cooking consume more energy. Without a lid, it takes longer until
something starts to boil. Those who like to see what they are preparing can switch to
glass lids.

3. METHODOLOGICAL GUIDELINES FOR THE TEACHERS
The worksheets are only a collection of tasks, not a list to be processed in a fixed order. The
worksheets that build on each other and those that relate to each other are marked accordingly. Worksheets 1–4 build on each other and form an introduction to the topic. In
doing so they focus on the students’ previous knowledge and their understanding of everyday life. The tasks illustrate where energy is relevant in the students‘ daily environment.

Worksheet 1: Reflection
Teaching aids:
• papers and pencils for notes

Procedure:
The teacher poses to the whole class: “What comes to your mind concerning the topic energy? Think about/write down what comes to your mind.” Every student thinks about the
topic by him-/herself first.
The aim of this task is to gather information, initially based on the previous knowledge
of the children. The teacher considers all answers from the students. The answers can be
very different. Weaker children generate fewer examples than stronger children. But that
doesn’t matter. Instead of this, it is important to create an individual relationship to the life
of the children and to activate their previous knowledge. This task is a preliminary exercise for later gathering of information based on observation or from secondary sources,
such as books.
There are several ways to adapt the task to the abilities of the children. Stronger children
can be instructed to collect at least three (or more) aspects. Weaker children may rather
be able to solve the worksheet by working in groups of two. Depending on the ability to
write, the ideas can be written down, drawn or kept in mind. In the latter case this phase
should be very brief (1–2 minutes), drawings take longer.
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Worksheet 2: Gather information
Teaching aids:
• a blackboard or pin board/magnetic board with suitable writing material

Procedure:
The teacher encourages the students to call their collected aspects: “Present your ideas to
the class. What comes to your mind concerning the term energy?“ The teacher notes the
mentioned ideas on the board so that everyone can see it. If it is necessary to get additional
information, she/he may ask further questions. The notes will be used again for order 3.
This worksheet illustrates important steps of a scientific research process to the students:
the gathering of information and the collection of data. The teacher can support the students by asking inspiring questions. In addition, she/he can encourage the students to
practice how to communicatewith the others, needed as a part of the scientific search
process.

Worksheet 3: Organization
Teaching aids:
• The subject groups can be printed out and cut into stripes. So they are available to the
pupils as a memory aid; paper, pencil, etc.

Procedure:
The teacher selects the appropriate subject groups according to the level of development
and the current knowledge of the students. Directly after the gathering of information
(worksheet 2) the teacher should check whether to all subject groups aspects were found
or whether there are no examples for some groups. Thesubject groups with no examplesshould not be used in this worksheet, especially for younger students.
The teacher gives the following instruction: “Form groups of twoor three withother studentsand choose one of the subject groups. Can you classify the collected energy aspects into
yoursubject group? Which of the collected energy aspects fit into your subject group?“
Subject groups:
• Everything about electricity
• What can be transferred into electricity?
• Responsible use of energy
• Energy transformation in the body/energy by food (Where do we/animals/creatures/
plants/organisms get energy from?)
• For what/why do we humans need energy in our bodies?
• What (e.g. objects, equipment) needs energy in the household?
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•
•
•
•
•

Measurement of energy/measuring units of energy
What kind of energy can be found in the nature?
What happens during photosynthesis?
What are renewable energies?
What charges the environment?

Note: Depending on the selection of the respective subject group for worksheet 3, the
concept of energy conversion is also used. If necessary, this concept must be introduced to
thestudents before. Worksheets 5–7 are suitable for this. Worksheet 8 and 9 can be offered
for reflection or improving the content.
Catalogue of subject groups and (solution) examples:
• Everything about electricity.
– e. g. electricity from the socket, ...
• What can be transferred into electricity?
– e. g. we can get electricity from wind energy, water, …
• Responsible use of energy.
– e. g. do not let the water run when brushing your teeth or washing your hair, a socket with a circuit breaker, energy-saving lamps, consume less electricity, …
• Energy transformation in the body/energy through food (Where do we/animals/creatures/plants/organisms get energy from?)
– e. g. sugar, sunlight, energy drinks, …
• For what/why do we humans need energy in our bodies?
– e. g. sports, racing, standing, running, thinking, climbing, …
• What (e.g. objects, equipment) needs energy in the household?
– e. g. light bulb (conversion into light), television (conversion into motion),
stove(conversion into temperature)
• Measurement of energy/measuring units of energy
– e. g. joule, watt second, kilowatt hour, 1 kilocalorie (kcal) corresponds to 1 000 calories
• What kind of energy can be found in the nature?
– e. g. lightning, sun, wind, fire, …
– plants transform the sunlight into energy
• What are renewable energies?
– Renewable energiesare for example: bioenergy, geothermal energy, hydropower, solar energy and wind energy. The most important source of energy is the sun.
• What charges the environment?
– e. g. petroleum oil, natural gas and coal during combustion
The question is used to organize and categorize information. The procedure enables reflection and argumentation in small groups. Since the subject groups are located at different
levels, it is not possible to separate the categoriesclearly. We have deliberately avoided the
latter in order to maintain different levels of difficulty. Assign weaker and stronger pupils
to more simple (which can be experienced) or difficult (which require prior knowledge)
subject groups.
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Worksheet 4: Completion
Teaching aids:
• As for worksheet 3

Procedure:
The students addthe aspects, which has not been mentioned yet to their subject groups.
The teacher encourage the student with the following question: “What else suits your
group? Can you find any more?“
After common characteristics and related concepts have been clarified by the classification, it is usually easier to find further points for the respective subject group. This completionof existing concepts is a cognitive performance that strengthens the anchoring of the
respective concept.

Possible summarizing conclusion of worksheets 1-4:
Presentation of the subject groups and classifications by the small groups in front of the
class.

Worksheet 5: Picture puzzle
Subtask 5.1:
Teaching aids:
• Worksheet

Procedure:
The picture on the worksheet or another suitable picture can be used. The instruction is:
“Look at the picture! What needs electricity? Mark in the picture and write down!“
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Possible solution:
E. g. lamp, air conditioning, stove, fridge, washing machine, dryer, heating system etc.
depending on the selected picture.
Note: Some of the items may not be recognized by the students (e. g. air conditioning)
or theydon’t know that they need electricity (e. g. heating, car). This must/should not be
corrected. In this worksheet it is not important, that the students recognize every aspect.
Instead of this, the students should collectdifferent examples for thesubtask 2. If there
are different opinions whether electricity is needed or not, the teacher can encourage the
students to discuss this at the class. For this she/he the followingappropriate key questions
can be used: “How can I notice whether electricity is needed? What about the object to be
clarified?“
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Subtask 5.2
Teaching aids:
• Worksheet

Procedure:
The studentsdiscuss theirresults in groups. The instruction is: “What did you find in the
picture?Which of them produces light, movement or heat (temperature)?” They students can
add their results in the table.
object

light

lamp

X

car

X

air-conditioning
stove

movement

X (e.g. airing)

X

X
X

X

X

X

X

dryer

X

X

television (TV)

X

X

washing machine

Televize

X

other

X
X

fridge

heat

X

Note: Certain objects may be misjudged. For example, a movement displayed on a television (TV) can be classified as movement (kinetic energy). Here the teacher decides
whether to discuss such cases in the class or not (questions: “What exactly is moving there?
Do you think it is a “real“movement?”). The understanding of the principle of transferring
energy from one energy store to another is not affected by such a misunderstanding.
Reworking during class discussion (with the following central questions): “Why becomes
electricity sometimes light and sometimes movement?” If the term energy is not be mentioned: “Which other words do you know for the term electricity?” If the term energy is mentioned during class discussion, it is important to explain that light, movement and heat
(temperature) are also energy: “What happens to the electricity?“
In a two-steps approach (sub1&sub2) the law of conservation of energy is introduced
using the example of converting electricity in other forms of energy. Since this type of
converting is the most common to children, each child should at least be able to find some
examples and understand the basic concept with the help of a class discussion.
For younger children, the “basic idea” that electricity is turned into light by the light bulb is
adequate. Students in the third and fourth grades can examine how light bulbs and stoves are
working. Since the question is directly related to objects known by the children (because they
recognized them in the drawing), students with different abilities and knowledge should be
able to solve the task –even though at different levels regarding the identified objects.
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Worksheet 6: Car ride
Subtask 6.1
Teaching aids:
• a “ramp“for each group of children (for example a board that can be leaned against
a chair or a table to form a ramp can be helpful), a toy car

Procedure:
The students form groups (3–4 children). In addition, teacher gives the following instruction is: “Let the car roll down the ramp from different heights. How far will the car get if it
starts from a low point, at the middle or on the top of the ramp? Measure and write down
your results.”
You can let the students experiment with different heights for a while. In doing so, it is
important, that the students note the results requested in the task below. The results are
presented and discussed in the class. The main result shows that the higher the starting
point is, the further the car moves. At this point, the terms height energy and kinetic energy can be introduced.

Subtask 6.2
Teaching aids:
• As in subtask 6.1, the children can bring some additional aids, if they want

Procedure:
The teacher asks the students: “What can you do to let your car drive further or less (except
changing the starting point on the ramp)?”
During class discussion, suggestions/predictions are collected and written down on the
blackboard as individual hypotheses. Students are asked whether they think the car will go
on further or less when they examine their suggestion. After that, the teacher encourages
the students to implement the respective suggestions/predictions in their existing groups.
Possible solutions that could come from the pupils:
•
•
•
•

Set ramp steeper/flatter,
Smoothing/greasing the ramp etc,
to push the car,
use another car.

All suggestions should be noted and (as far as practicable) tried out. The results are
written down to the hypotheses, which have been already noted and discussed in class. If
possible, the suggestions that have not been tried out will also be discussed.
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The educational objective of this worksheet is to introduce the concept of energy conversion in a two-step approach (sub1&sub2) by using the example of the conversion of
height energy into kinetic energy. Depending on the children‘s predictions, the concepts
of friction and transfer of kinetic energy from one body (hand) to another (car) also play
an important role.
For weaker studentsit is sufficient to observe and secure the results in order to get an impression of the developed concept. The activity offers many starting points so that even
weaker pupils can participate and have fun carrying out the experiment. In summary, it is
important for weaker and younger students to use and practice these steps of developing
and testing hypotheses more than once, because they are an important part of a scientific
research process.

Worksheet 7: Plasticine balls
Subtask 7.1
Teaching aids:
• Sufficient plasticine of the same type is required for each group
Attention! If you have plasticine of different types, colors or companies there might be
differences regarding the deformation. Therefore, it is better if each group works with
only one type/color of plasticine.

Procedure:
The pupils form groups (3–4 children). The teacher poses the following instruction to the
students: “Make three balls of equal size out of the plasticine. Then drop the balls on the floor
from different heights. Place the balls next to each other and compare them. What do you
see? Are there any differences between the balls after falling down? Thinking about why this
happens.”
In doing so, the students should work quickly so that the groups are finished at the same
time as possible. Then the results are discussed in class. In the class discussion the terms
height energy and deformation energy can be introduced.
Note: To finish this worksheet successful, it is advantageous if the students have already
completed task 5 and/or 6. Because then they already know the principle of energy conversion and perhaps what height energy means. Accordingly,only theterm deformation
energy must be introduced to the students.

170

I – S.K.Y.P.E. Methodical Handbook for Teachers
4. The total amount of energy

Subtask 7.2 (optional)
Teaching aids:
• Sufficient plasticine of the same type is required for each group

Procedure:
The teacher asks the class the following question: “What other possibilities are there to let
energy act on a plasticine ball?” In the class discussion, suggestions/predictions are collected and written down on the blackboard as individual hypotheses. Then the teacher
encourages the students to examine the suggestions in the already existing groups.
Possible solutions:
• To push or step on the ball (conversion of: pressure → deformation energy),
• To throw the ball against a wall (conversion of: kinetic energy → deformation energy),
• To melt the plasticine (conversion of: heat → deformation energy).
All suggestions should be noted and (as far as practicable) tried out. The results are
written down to the hypotheses which have been already noted and discussed in class. If
possible, the suggestions that have not been tried out will also be discussed.
The aim of this task is to introduce the concept of energy conversion in a two-step approach using the example of the conversion of height energy and other forms of energy to
kinetic energy.
For weaker studentsit is sufficient to observe and secure the results in order to get an impression of the developed concept. The activity offers many starting points so that even
weaker pupils can participate and have fun carrying out the experiment. In summary, it is
important for weaker and younger students to use and practice these steps of developing
and testing hypotheses more than once, because they are an important part of a scientific
research process.

Worksheet 8: Mountain hike
Worksheet 8 can be used for deepening and extension after different forms of energy and
the concept of energy conversion have been developed (e.g. worksheets 5–7).

Teaching aids:
• Worksheet

Procedure:
The teacher gives the instruction to the students: “Cut out the several parts of the text (and
if existing the pictures) and put them into the correct order“. The students work for themselves or together in groups of two.
171

I – S.K.Y.P.E. Methodical Handbook for Teachers
4. The total amount of energy

Solution:
The kinetic energy of the wind iscaptured by a wind power station.
The wind power station transfers the kinetic energy of the wind into electrical energy
The stove transformselectrical energy to thermal energy.
The thermal energy of the stovehelps the hungry Manuel to cookpasta.
After eating his noodles, Manuelhas enough energy for a hike.
He transforms the energy fromthe food into kinetic energy andclimbs a mountain.
On top of the mountain Manueldiscovers a toboggan run.
While he is tobogganing, Manuel transfers the height energy into kineticenergy.
When Manuel gets out, henotices that the toboggan mat isvery hot.
Through the friction during the tobogganing, the kinetic energy
has been transferred into the heat of the mat.
The results are discussed with the several groups during the work phase and as summary
with the whole class.
The concept of energy conversion and any forms of energy that have not been introduced
yet are named. In addition, energy forms, which don’t the students known yet, can be
introduced with understandable and simple terms. Deviations from the correct order do
not affect the development of concepts and the acquisition of terms. They should only be
corrected if the promotion of logical reasoning and the recognition of courses of action is
to be promoted and is dispensable, especially in the case of impaired pupils. In addition,
an incorrect order of the parts can be accepted.

Worksheet 9: Energy conversion
Worksheet 9can be used for deepening and extension after different forms of energy and
the concept of energy conversion have been developed (e.g. worksheets 5-7).

Teaching aids:
• Worksheet

Procedure:
The students work for themselves or together in groups of two. The teacher gives the following instruction: “What belongs to what? Link the boxes that belong together!“
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Co patří k sobě? Pospojujte!
Car engine

Solar radiation
(solar energy) → electricity

Light bulb

Electricity → heat

Solar collector

fuel → heat → movement

…

…

Possible solution:
Car engine

Fuel → explosion → movement

Light bulb

Electricity (electrical energy) → light + heat

Solar collector

Solar radiation (solar energy) → heat (thermal energy)

Photosynthesis

Solar radiation (solar energy) → sugar (chemical energy)

Solar cell

Solar radiation (solar energy) → electricity

Accumulator

Electricity → chemical energy

Fluorescent lamp

Electricity (electrical energy) → light

Kettle

Electricity → heat

Electric motor

Electricity → movement

Battery

Chemical energy → electricity

Firefly

Chemical energy → light

Match

Chemical energy → light + heat

Walking person

Chemical energy → movement

(electric) Generator

Movement → electricity

Brakes

Movement → heat

The results are discussed with the several groups during the work phase and as summary
with the whole class.

Additional task:
The pupils are asked: “Do you know any other energy converters? What types of energy do
they convert?” The suggestions are collected, discussed and made visible on the blackboard
or similar.
Theeducational objective of this task is to identify the concept of energy conversion and any
forms of energy that have not yet been introduced. In addition, energy forms which don’t
the students known yet, can be introduced with understandable and simple terms.The correctness of the solutions should be emphasized, since they contribute to the understanding
of the forms of energy.
173

I – S.K.Y.P.E. Methodical Handbook for Teachers
4. The total amount of energy

Worksheet 10: Fotorally
Teaching aids:
• Depending on the chosen alternative, devices for photos or writing utensils are needed;
worksheet with table

Procedure:
The students should walk around their school (in their groups) and photograph as many
things/objects as possible that need electricity. The teacher gives the following central questions to the students: “What have you found?Which things/objectsthat work with electricity are luxury? Which ones do you need and which ones you don‘t need at all?“ The pupils
enter their results in the table.
The task can be adapted in many ways:
• Instead of taking pictures: “Walk around your school and write down as many things/objects as you can that need electricity.Exchange your ideas in your groups. What did you find in
the school building? Which things/objectsthat work with electricity are luxury, which ones do
you need and which ones don‘t youneed at all?“ The pupils enter their results in the table.
• Instead of walking around school: “Walk around your homes and note ten things/objects that need electricity. Exchange your ideas in your groups. What did you find at
home? Which things/objectsthat work with electricity are luxury, which ones do you need
and which ones don‘t you need at all?“ The pupils enter their results in the table.
Necessary objects

Luxury objects,
that we don’t necessarily need

Note: The collection at home usually leads to more equipment that you don‘t necessarily
need than that at school. However, there are so many devices in households that the number must be limited so that the children are not kept busy for hours. Instead of 10, 15 or
20 devices can also be specified, depending on the age of the children. In the case of searching in the school building, the effort can be regulated via a targeted time. The results are
discussed in a class discussion.
The students should critically deal with the fact that not every electricity consumption is
necessary. The concrete assessment in the individual case is less relevant than the fact that
the pupils think about this point at all.
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Worksheets

Duration

Level
of difficulty

Age

Materials

Educational objective

Worksheet 1:
Reflection

5 Minutes

Simple

6–10
Years

–

Gathering of information
based on the children´s
prior knowledge.

Blackboard

Gathering of information,
collecting data and if
necessary practicing how to
communicate with others
and present the findings

Worksheet
2: Gather
information

Worksheet 3:
Organization

Worksheet 4:
Completion

6–10
Years

10 Minutes

Simple

20 Minutes

Depends on
the respective
thematic group
which has been
chosen

6–10
Years

Subject groups

Organization and
categorization
of information.
Argumentation and first
reflection in small groups.

10 Minutes

Depends on
the respective
thematic group
which has been
chosen

6–10
Years

Worksheet for
students

Supplementing the
previously mentioned
topics at the level of
categorial knowledge
Activate the previous
knowledge of the students
and use this knowledge to
introduce the concept of
energy conversion

Worksheet 5:
Picture puzzle

30 Minutes

Simple

6–10
Years

Two worksheets
(picture and
table) for
students

Worksheet 6:
Car ride

30–40 Minutes

Medium

6–10
Years

Boards etc., toy
cars

To work out the concept
of energy conversion by
experiments

Worksheet 7:
Plasticine balls

20–30 Minutes

Simple

6–10
Years

Plasticine

To work out the concept
of energy conversion by
experiments

Worksheet 8:
Mountain hike

20 Minutes

Difficult

7–10
Years

Worksheet for
pupils, scissor,
glue, paper

Expand and deepen
the concept of energy
conversion

Difficult

8–10
Years

Worksheet for
students

Expand and deepen
the concept of energy
conversion

Medium

6–10
Years

Equipment to
take photos,
alternative: writing
utensils, paper

Critical reflection of
energy consumption

Worksheet 9:
Energy
conversion
Worksheet 10:
Fotorally

15 Minutes

45 Minutes
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THE COMPOSITION OF THE
EARTH AND ITS ATMOSPHERE
AND THE PROCESSES
OCCURRING WITHIN THEM
SHAPE THE EARTH’S SURFACE
AND ITS CLIMATE
1. INTRODUCTION
1.1 Characteristic of the idea
Harlen (Harlen, ed., 2015) characterizes this idea as follows: Radiation from the Sun heats
the Earth’s surface and causes convection currents in the air and oceans, creating climates.
Below the surface heat from the Earth’s interior causes movement in the molten rock. This
in turn leads to movement in the plates which form the Earth’s crust, creating volcanoes
and earthquakes. The solid surface is constantly changing through the formation and weathering of rock.

1.2 Suggested level of preconception development for primary level

Klíma
a počasie

Pôda

Kolobeh
vody
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In the younger school age (7–11 year olds), which corresponds to primary science education, (according to Harlen‘s concept of developing Big Ideas of Science), pupils should
already understand that there is air all around the Earth’s surface but there is less and
less further away from the surface (higher in the sky). Weather is determined by the conditions and movement of the air. The temperature, pressure, direction, speed of movement and the amount of water vapor in the air combine to create the weather. Measuring these properties over time enables patterns to be found that can be used to predict
the weather a short time ahead. Long-term patterns in the weather are referred to as the
climate of different parts of the world. Much of the solid surface of the Earth is covered
by soil, which is a mixture of pieces of rock of various sizes and the remains of organisms.
Fertile soil also contains air, water, some chemicals from the decay of living things,
particularly plants, and various living things such as insects, worms and bacteria. The solid material beneath the soil is rock. There are many different kinds of rock with different
compositions and properties. The action of wind and water wears down rock gradually
into smaller pieces – sand is made of small pieces of rock and silt of still smaller pieces.
About two-thirds of the surface of the Earth is covered by liquid water, which is essential
to life. Water is constantly recycled through processes involving evaporation from oceans
and other surfaces, such as soil and plants, condensation in clouds and precipitation as
rain, snow or hail.
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Scientific content in key words:
Earth climate system
climate
hydrological cycle
weather

2. SCIENTIFIC BACKGROUND FOR TEACHERS
2.1 Earth climate system
The climate is characterized by a certain time and space stability. Its stability is determined
by the environment in which it was formed. We refer to this environment as a climate
system (Pretel, 2012). The climate system is an interactive system consisting of 5 main
components: atmosphere, hydrosphere (water on Earth), cryosphere (ice and snow on
Earth), lithosphere (upper layers of the earth‘s crust), biosphere (living organisms) and
noosphere (human activity) which interact with each other (Lapin, 2004). At the same
time, they are influenced by many external mechanisms. One of the most important influences is the Sun.

Pic 40: Scheme of the basic part of Earth‘s climate system
(Scheme of the basic part of Earth‘s climate system. Source: https://www.gfdl.noaa.gov/earth-system-model/)
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2.1.1 Atmosphere
The atmosphere is the least stable and rapidly changing part of the climate system. It
consists of various gases, mainly nitrogen (78%), oxygen (21%), argon (0.093%), carbon
dioxide (0.03%) and other noble gases such as e.g. helium or hydrogen. The proportion
of gases varies at different levels in the atmosphere. Its role is to protect the Earth from
incoming sunlight while helping to regulate the Earth‘s surface temperature.
In addition to these gases, solid and liquid particles (aerosols) and clouds interact with
one another in the atmosphere. Aerosols enter the atmosphere from natural sources (e.g.,
sea salt particles, particles from soil, volcanic activity, pollen grains, etc.), or from anthropogenic sources (from human activity). In addition to cloud formation, aerosols directly
affect the radiation balance, i. dispersion and absorption of sunlight (Lapin, 2004).
Water

The most variable component of the atmosphere is water that occurs in all its states,
such as steam, drops and ice crystals. Water is unevenly distributed in the atmosphere
over time and space (more than 80% between tropics in the tropics and over 50% up to 1.5
km above the Earth‘s surface). Water in the atmosphere directly affects several meteorological processes, such as water. (frontal systems, cloudiness, precipitation, evapotranspiration
– water vapor in the form of water vapor (usually leaves) of plants, etc.), or significantly
affects them (greenhouse effect, radiation and energy balance of the Earth‘s surface, etc.).
(Lapin, 2004).

Procesy
v atmosféře

More than 99% of Earth‘s energy comes from the Sun. But the earth also returns some of its
energy back to space, especially as infrared radiation (see picture; picture source: https://
beyondpenguins.ehe.osu.edu).
47 % absorbcia v atmosfére
30 % odraz späť
22 % odparovanie vody
1 % dáva silu vetru
0,01 % využívajú rastliny

Pic 41: Energie ze Slunce
(zdroj: http://www.energoportal.org/obnovitelne-zdroje/energia-zo-slnka)

Solar energy falls on Earth in the form of radiation. It consists of thermal and light
energy . It comes in the form of electromagnetic waves.
The sunlight that penetrates the earth‘s surface is divided into:
•
•
•
•
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direct (insolation)
diffused – here, aerosols play an important role, distributing and reducing solar radiation
global – represents the sum of direct and diffused radiation
reflected (albedo) – the proportion of reflected solar radiation from the earth surface
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Pic 42: Druhy slunečního (krátkovlnného) záření
(zdroj: https://bioclio.com/druhy-ziarenia-v-klimatologickej-praxi/)

Amount of the sun‘s energy which returns to the atmosphere affects vegetation and
soil. During the day, the atmosphere is largely transmitting the shortwave sunlight
that heats the Earth‘s surface.
Part of the energy returns to the atmosphere as long-wave radiation (infrared) that warms
the atmosphere. Part serves to evaporate the water, either in the soil or in the leaves of the
plants, thereby bringing the water back into the atmosphere. Since the evaporation of soil
moisture requires energy, soil moisture has a strong influence on the surface temperature.
The texture of the soil surface (its roughness) affects the atmosphere dynamically through
the action of the wind. The character of the soil is determined by both topography and vegetation. The wind also carries dust from the Earth‘s surface into the atmosphere (natural
aerosols) that interacts with atmospheric radiation.
When the thermal radiation hits the object surface, part of the energy is absorbed by the
object, part of the energy is reflected and the part passes through. The absorbed light is
converted into thermal energy. The ability to absorb the amount of light depends on the
color – the darker the object, the more light it absorbs and vice versa, the lighter it is, the
less light it absorbs. Therefore, during a sunny summer day, we will be warmer in black
than in white. Likewise, other black objects are hot in the sun. This is because black color
absorbs infrared radiation and white reflects it.
Energy is transformed between the Earth‘s surface and the atmosphere by conduction, Transformace
energie
convention, and radiation:
• Conduction is the process by which energy transfer takes place between contacting
particles with different temperatures. Air and water are relatively weak conductors. It
occurs in solid bodies, in liquids, but also in gases. Most energy is transmitted through
the earth‘s surface. At night, the Earth‘s surface cools and dissipates heat from the air.
During the day, solar radiation warms the Earth‘s surface, which again affects the air
temperature.
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• Convection transfers heat by moving a group of molecules from place to place in
the substance. It occurs in substances such as e.g. water and air whose molecules move
freely. In the atmosphere it includes rising and falling air masses and smaller air parcels. These vertical movements effectively distribute heat and moisture throughout the
atmospheric column and contribute to cloud and storm development
• Radiation is the transfer of energy without the involvement of a material substance
in the transmission. Radiation can transmit heat through vacuum. Most of the solar
energy is concentrated in the visible and almost visible parts of the spectrum. Shorter
than visible wavelengths represent a small percentage of the total, but are extremely
important because they have much higher energy. We‘re talking about ultraviolet radiation. The shorter the wavelength, the higher the energy associated with it

Radiation, Convection, and Conduction
Žiarenie – Slnko ohrieva
zemský povrch

Prúdenie –
teplý vzduch sa zdvíha

Vedenie – zemský
povrch ohrieva
vzduch

Pic 43: Energy transformation
(source: http://kudzuacres.com/wwow/lessons/climate/atmospheric.html)

Energy from the Sun on the Earth‘s surface:
• influences the hydrological cycle
• heats the atmosphere and the earth‘s surface
• affects weather and climate by uneven heating of the Earth‘s surface
• provides the necessary energy for photosynthetic plants
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Asi 30% svetelného žiarenia
sa odráža späť do vesmíru.

Vesmír

Atmosféra

Prirodzene sa vyskytujúce
skleníkové plyny: vodná para,
metán, oxid uhličitý...

Tvorba skleníkových plynov
Väčšina slnečnej energie dopadne
na Zem a ohrieva jej povrch
Časť svetelného žiarenia
sa odrazí od povrchu Zeme

Pic 44: Energie ze Slnka
(zdroj: http://docplayer.cz/5057-11-obnovitelne-zdroje-energie-energie-vody-a-vetru-11-1-obnovitelny-a-neobnovitelny-zdroj-energie.html)

The cause of the greenhouse effect is related to the accumulation of so-called greenhouse Greenhouseeffect
gases (also referred to as GHGs) in the atmosphere, which absorb the thermal radiation of
the Earth, causing the atmosphere to heat up. In this way, a certain average air temperature
in the ground layer of the Earth is stabilized (now it is about +15 °C).
Most people associate greenhouse effects with something negative. However, we also distinguish so-called natural greenhouse effect of the atmosphere, which is a 33 °C rise in the
ground level of the Earth‘s atmosphere. If the natural greenhouse effect did not exist, on
Earth, the temperature would be minus 18 °C (Lapin, 2004).
The most important greenhouse gas in the atmosphere is water vapor. The decisive factor affecting its content in the atmosphere is the air temperature at which the evaporation
of water and the amount of precipitation occur. Logically, the more the air temperature
increases, the more water vapor will be in the atmosphere.
In addition to water vapor, we include greenhouse gases such as carbon dioxide, methane, nitrous oxide, ozone and freons. Greenhouse gases may arise from natural sources
(eg, breathing of living organisms, putrefaction, volcanic activity, etc.) and from anthropogenic sources, i. human activity (eg burning fossil fuels, cement production as a result
of deforestation, biomass combustion, etc.).
However, greenhouse gases can also be removed from the atmosphere, for example by moving them to higher levels of the atmosphere, storing them on the Earth‘s surface or into the
ocean, but also by chemical transformation.

181

I – S.K.Y.P.E. Methodical Handbook for Teachers
5. The composition of the Earth

2.1.2 Hydrosphere
A hydrosphere consists of all the water on the planet, which can be stored in oceans,
rivers, streams, groundwater or water vapor (except glaciers and snow). The oceans,
which cover about 70% of the Earth‘s surface, are essential for the movement of water
around the world. In addition, it is considered to be a thermal reservoir of the planet
because water has a large heat capacity (i.e., heat that we need to add to the fabric to increase its temperature by 1 ° C). Simply put, the water is relatively energy intensive to heat
up. At the same time, it is a good cooler – it takes a lot of heat without getting very hot.
At the same time, ocean circulation is one of the means of transferring energy from equator to pole. The atmosphere and ocean exchange gases and aerosols mentioned above
(Pretel, 2012). The most water vapor in the atmosphere comes from the oceans. Most
of the rainfall that falls will once again end up in the ocean. About two-thirds return
to the atmosphere through the water cycle. The oceans not only act as a source of rich
moisture for the atmosphere, but also as a source of heat. Ocean circulation is driven by
heating surface waters in tropical zones and cooling in polar regions. Large currents, such
as the Northern Gulf Stream, transport a lot of heat towards the Earth‘s pole, and thus
contribute to the development of many kinds of weather phenomena. Also, the climate of
nearby towns is warming.
Water also significantly affects the soil properties – albedo (the proportion of reflected
sunlight from the planetary surface; high albedo has, for example, snowy areas, low albedo have e.g. areas covered with vegetation), thermal conductivity and plant cover (Lapin,
2004).

2.1.3 Hydrological cycle
As mentioned above, water on the Earth‘s surface is part of hydrosphere. Its amount is
almost constant, only its state changes. Water molecules can remain in one form for a very
long period of time and in other forms for only a short time.
Procesy
kolobehu
vody

The hydrological cycle on Earth is happening by various processes:
• Condensation – change of gaseous state to liquid state
• Sublimation – change of solid state directly to gaseous state without prior melting
• Precipitation – condensation of water molecules formed into droplets, which at a certain size fall on the Earth‘s surface in the form of precipitation (snow, rain, glacier)
• Transpiration – water is transferred through the plants from the roots to the leaves
where it turns into steam and released into the atmosphere
• Surface drains– the flow of water above the ground from the higher parts to the lower
parts
• Infiltration – water leakage through porous soil spaces
• Percolation– groundwater movement below the earth‘s surface
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Kondenzácia
Zrážky

Infiltrácia

Povrchový odtok

Evapotranspirácia

Evaporácia

Podpovrchový odtok

Obrázek 45: Hydrological cycle
(picture source: http://hry-vodplan.sazp.sk/index.php?choice=kolobeh)

The mass can occur in 3 states of matter - gaseous, liquid and solid.
The solid matter has a constant shape and volume. Solid matters are divided into crystalline and amorphous substances. A typical feature of crystalline substances is the regular
arrangement of the particles (eg diamond, salt, various metals – copper, zinc, lead, etc.).
Conversely, amorphous substances do not have a regular arrangement of particles (eg
glass, wax). Liquid and gaseous substances can flow freely and adapt to the shape of the
container. The change of state usually occurs by changing the temperature, i. cooling
and heating. In literature we can also meet the so-called. the fourth state, which is called
plasma. It is an ionized gas, which is composed of ions and electrons (or neutral atoms
and molecules). It has no fixed shape and is capable of conducting electric current and
responding to magnetic fields.

Changes
of State of Matter

When we change the state of matter from one to another we are talking about phase Phase
transformation. Some properties of substances, such as e.g. volume, density, thermal con- transformation
ductivity, etc.
• Melting – when the object is made of a crystalline substance (e.g. ice, metal), its temperature increases. When the temperature reaches a certain temperature, called the
melting point (different for different crystalline substances), the state changes from
solid to liquid. The melting point of the crystalline substance depends on the external
pressure. Upon heating the amorphous substance, the substances gradually soften and
gradually turn into a liquid. Unlike crystalline substances, they do not have a certain
melting point. For example, wood cannot be heated to the melting point – it decomposes. The melting point is lowered by dissolution of the salt. When the frozen sidewalk is
sprinkled with salt, its melting point is lowered and the ice melts. During heating, most
substances increase their volume. An exception is e.g. ice, which decreases its volume
during heating and, on the contrary, increases during solidification.
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• Freezing – when cooling the liquid resulting from the melting of the crystalline substance, it changes at the freezing point to solid matter. However, the solid state does not
form immediately. When the liquid reaches the freezing point, it gradually begins to
form so-called solids. condensation cores, to which they gradually attach and regularly
arrange other particles. The solidification of most substances reduces their volume.
• Sublimation – it is the conversion of a solid into a gaseous substance, e.g. iodine, camphor, dry ice, without passing through the liquid state.
• Reverse Sublimation – is the opposite process as sublimation. It is therefore a conversion of a substance from a gaseous state to a solid state. The gas is converted directly to
a solid without condensation.
• Vaporization – the conversion of a liquid to a gaseous that takes place on the surface
of the liquid at any temperature at which the liquid state exists. The rate of evaporation
depends on the type of liquid (for example, the ether evaporates most rapidly), the
temperature (the rate of evaporation increases with increasing temperature) and the
surface area of the surface. As the temperature rises, the evaporation rate also increases.
• Condensation – the opposite of evaporation, i. change of gaseous state to liquid state.
This change occurs e.g. when the temperature is lowered.
Sublimation

freezing
Solid

condensation
Liquid

melting

Gas
vaporization

Reverse Sublimation

Pic 46: States of mater
(Picture source: http://spmscience.blog.onlinetuition.com.my)

2.1.4 Cryosphere, lithosphere and biosphere
Into the cryosphere we include all the ice and snow on the earth‘s surface, such as glaciers,
snow layers and permafrost (i.e., permanently frozen ground). As we indicated above,
snow can reflect a large amount of solar radiation (high albedo).
Lithosphere
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The lithosphere is the upper part of the Earth‘s crust. We include here the surface of the
land , but also the seabed. There are considerable differences in oceanic and continental crust, especially in thickness and composition. The thickness of the mainland crust
is approximately 35 km in diameter and consists of three layers. The lower layer consists
mostly of basalt, middle granite and transformed rocks and the upper layer is formed by
sediments. The ocean crust is thinner compared to the mainland – roughly 5–10 km thick.
In terms of composition, it consists of similar layers to the mainland, except for the granite
layer.
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Different rock layers contain different fossils (the key to dating the geological past). Fossils
are made up of the remains of animals or plants that lived in a previous geological period.
Thus, fossils provide information on the relative and absolute age of rocks, as well as traces of previous geological events, climate and evolution of the earth. Rocks are naturally
occurring aggregates consisting of one or more minerals. They consist of material that has
been present on Earth since its formation, with the exception of material that originates
from meteorites. In the process of rock formation we can talk about so-called. a rock cycle
that illustrates the transformation of rocks over time (one cycle may last several million
years).
In this cycle, rocks are transformed by various processes that take place at two points
– at or near the earth‘s surface (weathering, erosion and deposition) and deep below the
earth‘s surface (melting, elevated pressure, high temperature).

Magma

melting

crystalization
melting
Igneous Rock

Metamorphic Rock

heat
and pressure
Weathering, erosion
and deposition

Weathering, erosion
and deposition

heat and pressure

Sedimentary Rock

Sediment

compaction
and cementation

Pic 47: Rock cycle
(diagram source: http://creation.com/the-rock-cycle)

The above diagram shows the rock cycle. The converted rock will become magma upon Rock cycle
heating (up to the melting point). If it got into the environment, where it would start to cool
and gradually crystallize, a drilled (igneous) rock would be formed. To become a settled
rock, it must undergo several processes, such as weathering and erosion, which break it
down into smaller pieces or fragments. When this sediment accumulates, compresses and
solidifies, it becomes a solid rock (so-called sedimentary rock). Over time and under the
influence of heat and pressure, this rock becomes a converted rock. The straight arrows
within the rock cycle diagram indicate that each rock type can be converted to any other
rock type by going through several processes.
The Earth‘s surface is affected by various processes, which are divided into external (operating above the earth‘s surface) and internal (operating below the earth‘s surface).
185

I – S.K.Y.P.E. Methodical Handbook for Teachers
5. The composition of the Earth
External
processes

External processes include:
1. Weather conditions: disintegration of rocks into smaller pieces (helps to formate soil):
• Physical weathering – the rock breaks into smaller fragments by physical agents,
e.g. when water penetrates cracks in rocks where it freezes. When solidified, the
water increases in volume, causing the rock to break.

Pic 48: Fyzikální zvětrávání
(Picture source: https://www.geo.fu-berlin.de)

• Chemical weathering – decomposition of rocks caused by changes in their chemical
composition. Changes occur when the rock is exposed to air or water. E.g. Rainwater, together with carbon dioxide, creates a weak acid that dissolves certain minerals
in rocks.
2. Erosion: the process of removing and carrying away rock material on the Earth‘s surface:
• Gravitation and water – gravity causes water to move from the slope. Flowing water
erodes the surface on which it passes.
• Iceberg – slowly moves down the slope, grinding and removing pieces of rock.
• Wind – the wind disrupts the soil surface and subsequently carries away the disrupted particles that are stored elsewhere.
Internal
processes

Internal processes that take place beneath the earth‘s surface create e.g.:
• Mountains – formed by orogenisis and strike faults. Orogenisis are caused by forces in
the Earth‘s crust, which press the rocks from the sides, causing the layers to bend into
folds. In this way, ridges and valleys are formed. Strike faults are created when forces in
the earth‘s crust compress or push the rock until it breaks. The rock then slides along a
crack or fracture. The break length can range from a few meters to hundreds of kilometers. The units separated by a break are called blocks.
fault scarp
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Obrázek 49: Geological Strike Fault
(Picture source: https://opentextbc.ca/geology/reverse-normal-and-strike-slip-faults/)
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• Earthquakes – caused by strong vibrations as the rock blocks move on the tectonic
fracture.
• Volcanos – to put it simply, these are holes in the earth‘s crust through which lava flows
from the underground. The lava cools to form a solid rock.
The soil is located between the surface and mother rock. It is divided into layers with Soil
specific physical, chemical and biological characteristics. The soil consists of several Composition
components. About 50% of the volume is due to pores containing soil air and soil solution
(water) and 50% to mineral and organic matter. The mineral part constitutes 95–99% of
the solid soil component. On the other hand, the organic part accounts for only 1–5%.
Mineral content of soil is characterized by mineralogical, chemical and granular soil
composition. Organic soil content consists of living organic substances (e.g. roots of growing plants) and inanimate organic substances (humus, dead plant residues, animals).
Půda

Neživá
složka

Živá složka

Organická část
(Odumřelé části rostlin
a živočichů)

Anorganická část
(Minerály, voda, vzduch)

Pic 50: Soil composition
(Picture source: https://www.vectorstock.com/royalty-free-vector)

The soils are divided according to the percentage content of the individual grain frac- Soil species
tions into so-called Soil species. Several national and international classifications are
compiled for this purpose. In the Slovak environment, the Novak classification is used,
which classifies soils into 7 species according to the coarse clay content (fraction below
0.01 mm) (Representation of soil species, 2017):
Kategórie zrnitosti

pôdy ľahké
pôdy stredne ťažké

Obsah častíc < 0,01 mm

Zastúpenie v %

– piesočnaté (0 – 10 %)
– hlinitopiesočnaté (10 – 20 %)
– piesočnatohlinité (20 – 30 %)
– hlinité (30 – 45 %)

6,4
73,2

pôdy ťažké

– ílovitohlinité (45 – 60 %)

17,1

pôdy veľmi ťažké

– ílovité (60 – 75 %)
– íly (75 > %)

3,3

Tabuľka 1: Zastúpenie pôdnych druhov
(zdroj: http://www.podnemapy.sk/portal/reg_pod_infoservis/pd/pd.aspx)
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• Light soils – contain a clay component up to 20%. It is soil with a predominance of
sand particles. They can heat up very quickly but also cool on the surface. They heat
up quickly, but also cool. In terms of permeability, we consider them to be the most
permeable soils (for more details see the following table). They dry up very quickly and
humus is formed to a lesser extent.
• Moderate soils – contain clay component from 20-45%. This type of soil provides the
most suitable conditions for the growth of most plants. Water leaks into it very easily.
• Heavy soils – clay component is more than 45%. This type of soil is considered to be
the least permeable.

Obrázek 51: Půdy z hlediska vodopropustnosti
(zdroj: http://api.ning.com/files/TJcsUspNfmNhz7VtXqRQtu3j0RBGJL3QpV9ByTzm9g8EBKTkA-goiDkNiYKaStcuVheE5rBhBVwWcP6veFopRReghXOQ0VT/
Kategoriepodyaichcharakteristikazhladiskavodopriepustnosti.pdf)

The biosphere, which includes all living organisms, is closely related to the lithosphere.
Vegetation prevents the reflection of large amounts of sunlight (low albedo). In addition,
photosynthesis affects the exchange of gases between the surface and the atmosphere and
affects the evaporation of water.

2.2 Weather and Climate
Climate
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Weather means the current state and forecast within 10 days, the term climatic conditions means the long-term weather regime for at least 30 years (Lapin, 2016). Climateis a
long-term weather regime, which refers to the course of meteorological elements and
phenomena (air temperature, cloud, air pressure and humidity, wind direction and speed,
etc.) for several decades. It is conditioned by the energy balance of the circulation of the
atmosphere, the nature of the active surface, but also by human intervention.
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The weather pattern is not constant, but changes over the years. For each climate, there is Weather
a typical weather, i. we can talk about normal weather. By normal weather we mean a development that is consistent with the long-term weather regime. Heavy thunderstorms,
floods, hail or high temperatures are normal if they do not occur too often. In practice,
50% of cases closest to the long-term average are considered normal weather conditions.
Weather cases that occur more rarely than every 50 years are considered extraordinary.
Weather normal is generally calculated from observations made over a minimum period
of 30 years (Lapin 2004).
The climate character is influenced by various factors, which are referred to as climatic
factors (climatic factors). Individual factors cannot be clearly defined because their effects
overlap, i. they do not appear separately. The climatic factors include sunlight (its intensity is determined by latitude, altitude and cloudiness of the region), physical-geographical
conditions (especially relief segmentation, altitude, latitude), atmospheric circulation
(the prevailing type of air flow, which affects the relief segmentation, coast of large water
bodies, friction of air on the earth‘s surface) and man (especially growth of CO2 and other
gases in the atmosphere).
Meteorological
The basic meteorological elements include:
• Air temperature – measured at meteorological stations at a height of 2 m above the elements
ground in the shade. The measured values are given in degrees Celsius.
• Cloudiness – it expresses the degree of cloud coverage of the sky, and in addition to
the overall nature of the weather, it also characterizes the duration of sunshine. It is
also important for the heat balance of the Earth‘s surface. In meteorology, cloudiness
is expressed in eighths (in climatology it is divided into tenths). This means that 1/8
signifies the smallest, almost zero, cloudiness and vice versa, in the case of 8/8 sign we
can observe a completely overcast sky (see picture Sky coverage):
0/8 – clear

0/8 – oblačno

1/8 – jasno

1/8 – BKN

2/8 – FEW

2/8 – Breaks in Overcast

3/8 – SCT

3/8 – OVC

4/8 – polojasno

4/8 – Total Obscuration

Obrázek 52: Oblačnost
(Picture source: http://studysoaring.stlsoar.org/fcstrpts.htm)

The clouds are divided in shape into two main categories: cumulus clouds (from Latin Clouds
cumulus = accumulation) and stratified clouds (from Latin stratus = layer).
Further, we can divide them in terms of vertical height. The low group (located up to 2
km) consists of stratus, nimbostratus, cumulus and stratocumulus.
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High

Middle

Low

Pic 53: Clouds of vertical development 1
(Picture source: https://www.chegg.com/homework-help/questions-and-answers)

Cumulus clouds are thick, white and inflated, resembling cotton balls. They occur either as separate clouds or printed on each other. While cumulus clouds are associated with
good weather, stratus clouds are dark gray, low, evenly stratified or covering the entire sky
and are usually associated with rain).

vysoké

střední

nízké

Pic 54: Mraky z hlediska vertikální výšky 2

The group of medium clouds is located between 2–5 km and is marked with the prefix alto (altostratus and altocumulus). High clouds are located above 5 km in the cold
troposphere and are marked with the prefix cirro or cirrus. At this altitude, the water
freezes, so the clouds are almost always composed of ice crystals. These clouds are tuft and
often transparent (cirrus, cirrostatus and cirrocumulus). Aircraft capacitors are formed
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at this altitude. Vertical clouds have strong ascending currents and are formed at a wide
altitude and include cumulonimbus, which are very large, elevated dark clouds usually
associated with heavy rainfall and storms.
Atmospheric air pressure – it is a measure of the force exerted by the mass of the atmosphere on the earth‘s surface at a given location, and its magnitude depends on the amount
of air lying above the surface. That is why the air pressure decreases with increasing altitude, ie. the highest pressure is just above the earth‘s surface. The basic unit of pressure
is Pascal (pressure exerted by 1 N (newton) per m²). In meteorology it is reported in hectopascals [hPa]. However, we can also see the designation in millibars [mbar] or in Torro
(1 torr ~ 4/3 hPa). The standard atmospheric pressure is 1013.25 hPa (at 0 meters above
sea level and 0 °C). Air pressure is measured using barometers. If the pressure rises
(mostly at lower altitudes) together with the temperature, we can expect nice weather –
consequently the pressure rises will slow down or eventually stop. On the contrary, if the
pressure drops rapidly (or in the long term), we can expect the arrival of rain or storms.
As the altitude rises, the air density also changes. The air is densest at the surface of the
Earth. The air molecules are constantly moving and their movement varies with temperature. As the temperature rises, the movement of the molecules increases. Increased movement also causes greater separation of molecules. The opposite is true when cooling. For
this reason, the substances increase in volume on heating and decrease in cooling.
Air humidity – is a general term that refers to the water vapor content of air. We distinguish between absolute and relative humidity. Absolute humidity is the actual amount of
water vapor per volume of air. Relative humidity indicates the ratio between the actual and
maximum possible air saturation at a given temperature in the atmosphere. Within the air
humidity we also distinguish so-called a dew point that represents the temperature at which
the air is maximally saturated with water vapor, with a relative humidity of 100%. If the temperature drops below the dew point, water vapor condensation (i.e., liquefaction) occurs.
Wind and its speed – the term wind means the air flow that occurs between two places Wind
with different air pressure (from higher to lower pressure). When describing the wind,
it is necessary to recognize two basic variables, namely its speed and direction. The wind
speed is measured using an anemometer and the wind direction is measured with a meteorological windmill at a height of 10m above the earth‘s surface (measured in m/s or
km/h). For example, the northeast wind is blowing south from the northeast. The wind
direction is also usually indicated by an angle of 0° (north) to 360° (north).
In the wind we also distinguish the so-called. wind impact, which is the maximum wind
speed, which lasts at least 3 seconds and which occurs within a 3-minute interval.
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The above mentioned meteorological elements can also be expressed by means of schematic marks, which make it easier to record the observed weather:
jasno

déšť

vánek

polojasno

sníh

vítr

zataženo

sněhová pokrývka

kroupy

jinovatka

duha

náledí

rosa

bouřka

mlha

vichr

blýskání

Pic 55: Schematické značky počasí
(zdroj: http://www.visualdictionaryonline.com/earth/meteorology/international-weather-symbols/clouds.php
https://www.tpocasi.cz/meteorologicke-pojmy/ostatni/)

From the above it is clear that the climate is shaped and influenced mainly by the energy coming from the Sun. Many other factors such as climate change are involved in this
process (climate formation). water, the earth‘s surface, the shape of the earth, animals, etc.
We can say that the nature of the climate results from the interaction of all the above-mentioned parts of the Earth‘s climate system, forming the earth‘s surface.
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altostratus

cirrostratus

cirrocumulus

stratocumulus

nimbostratus

cumulus

stratus

cumulonimbus

cirrus
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3.

METHODICAL GUIDE FOR TEACHERS

• In meteorology, it is important to familiarize with the basic concepts, e.g. that the air
also has a mass, that the air density varies depending on the temperature, that the cooler air has a higher density than the warmer air, and that the uneven distribution of
heat causes air movements.
• In addition, pupils learn how the color of different surfaces affects the ambient temperature. By examining the effect of color on temperature, pupils find that temperature
differences, which are affected by different colors of the earth‘s surface, lead to important changes in air movement.
• Task focus can be divided into three steps. In the step, pupils focus on exploring the
basic natural phenomena that take place in the atmosphere (evaporation, condensation, etc.). They will also investigate air and its properties (eg its weight) and change
them to other environmental conditions.
• In the second step, pupils gradually move on understanding the weather, through
basic meteorological elements and their impact on the nature of the weather, while
relying on findings from the first set of tasks.
• The last set of tasks concerns the formation of the earth‘s surface through various
influences, even the aforementioned weather.

3.1 Working with ideas about basic processes taking place
in the atmosphere
Task 1
Materials and tools for a working group:
• two balloons, string, PET bottle (or glass bottle), sand, wooden skewers, cork stopper
(or clothes pin)
Teacher asks the pupils if they think the air has some weight. He discusses the topic with
the pupils, finding out their ideas about the air. The task of the pupils will be to propose
how they can determine and measure whether the air has any weight. If the pupils do not
propose any procedure, the teacher asks them how to find out whether the inflated balloon is heavier than the deflated one. He will allow the pupils time to think about the procedure, or even to create a simple drawing. He then discusses their proposals with them,
which they will implement (if possible).
If the pupils do not propose anything, the teacher presents them the figure in Worksheet
1, showing the isosceles weights. On both arms balloon is tied, while one is inflated and
the other deflated. They can use a 1.5l–2l PET bottle to make the scales, which can be filled
with sand (or they can use a glass bottle) for better stability. They will also need wooden
skewers, a cork stopper/linen pin, and laces. Using the material they create isosceles weights (see picture,: http://meriamesvet.blogspot.sk). Instead of a laundry pin, they can use
a cork stopper to drill the skewers (we recommend preparing the stoppers before activity).
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Pic 56: Rovnoramenné váhy

The task of the pupils will be to wonder if the balloons have different or equal weight. They
write down their predictions, and the teacher asks for its justification. They then verify
their predictions by constructing simple isosceles balance. After verification, they write
down the results and compare the findings with the predictions. They will draw a conclusion at the end of the activity, based on the data obtained.Through the activity, the pupils
should realize that air is matter and has its weight. The more the balloon is inflated, the
harder it will be.

Task 2
Materials and tools for a working group:
• two balloons, string, PET bottle (or glass bottle), sand, wooden skewers, cork stopper
(or clothes pin)
In the second task, pupils will find out whether the weight of the balloons will be the same/
different depending on the temperature of the air the balloons are inflated with. The teacher
presents the pupils worksheets in which the picture is of equal weight and equally inflated
balloons. The task of the pupils will be to make predictions about whether the weight of the
balloons will change as the temperature changes. After writing the predictions down, the
teacher discusses with the pupils and leads them to justify their predictions (underpinning
knowledge/own experience, e.g. I think warm air is „lighter“ because even in a large balloon
that flies, a burner is used to warm it up).
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After the discussion he will ask them to propose a way of verifying their predictions, resp.
way they could heat and cool the air in the balloons. One balloon can be placed e.g. on
a windowsill or under a table lamp (not too close to the balloon), or on a radiator and the
other for a few minutes placed into the fridge. However, before carrying out the verification, pupils need to examine the weight of the balloons before influencing them. Both
balloons would have the same weight, i. the isosceles weight should be in balance. This is
done by adjusting the balance so that it is in balance (with the balloons hanging) before
influencing the temperature in the balloons. As the warm air rises upwards (its density is
less than the density of the cold air around it), the hot air balloon will be “lighter” than the
cold air balloon.
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Task 3
Materials and tools for a working group:
• 2 jars, 2 balloons, 2 rubber bands, scissors, 2 larger containers, cold water, hot water
In this task, pupils will again explore the air-temperature characteristics.

Pic 57: Zaváraninový pohár s balónom ako vekom

At the beginning of the task, the teacher provides the pupils two jars (3dcl is sufficient).
It is suitable to have glasses in the classroom at least 15 minutes before the activity starts
(due to obtain room air temperature). Then he takes one cup and attaches the balloon on
the jar mouth with a rubber band (for better handling, the pupils can cut the balloon) and
asks the pupils if they think that the air temperature can affect such a balloon and how
it can manifest on it. The teacher discusses with the pupils. Pupils draw their predictions
about what happens to the balloon when the temperature changes, after the worksheet.
After discussion, it will invite pupils to suggest a way to verify their predictions.
The teacher (if possible) should lead the pupils to realize all the proposed procedures.
If the pupils do not propose anything, the teacher guides the pupils by asking questions
about their proposal: pour the same amount of water into two identical containers, one
hot and the other cold (about 4 cm from the bottom of the glass). Since we lead students
to objectively determine the reality, the volume of water in both containers should be the
same. Then we put cups with a balloon on top at the same time into both containers. In
this way, pupils verify their predictions through observation.
Then the teacher can ask if they think this reaction is reversible, ie if we put the cup with
the convex balloon in cold water, or if we put it in the refrigerator, whether the balloon will
return to its original position or spill inside the glass.
Recognizing that air temperature affects its properties (in this case, air density) is an important step for further investigation of the weather – e.g. air pressure. The teacher does
not have to explain the concept of air density to pupils. An important finding for pupils is
that air changes its properties when temperature changes; when heated it rises upwards and
when cooled down. With the air temperature, the movement of the particles in it changes as
well – as the temperature increases, the movement of the molecules increases = the increase
in the volume of substances during heating and the decrease in cooling.
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Task 4
Materials and tools for a working group:
• 2 identical jars with lid, 2 thermometers, plasticine, stop watches, white and black paper (same kind, different colors only), glue

Procedure:
In the fourth task, pupils explore how the air temperature depends on color. Pupils will
explore an important factor (color) that can cause differences in the temperature of the
earth‘s surface. At the beginning of the activity, the teacher can use the concept cartoons©
image titled Black and White Car, which is also included in the worksheet:
The black Car radiates
more energy so it is cooler
They both get the same
amount of energy from the
Sun so they are the same
temperature

© S Naylor and B Keogh

The black Car is hotter
because is absorbs more
energy from the Sun

Pic 58: Black and white car

The pupils are asked which car they think will be warmer when the sun is shining on both
of them – white or black. Let pupils think about the statements in the picture – the pupils
lean towards the statement (s) they (i) agree to justify their choice. If they disagree with
a single statement, they can create their own.
The teacher then discusses with them the statement to which they agree with, and asks
for reasons. It is suitable if the pupils justify their opinions using their own experience (eg
I think a dark car will be warmer, because when I ran barefoot on an asphalt road, my legs
burned more than when I stood on the lawn). They write down their predictions in the
worksheets
The teacher then asks the pupils how they can verify their predictions. Let the students in
the groups discuss the workflow to verify their predictions about the represented phenomenon. Pupils can suggest that they wore white and black t-shirts - in this way they would
probably not be able to measure temperature (it would be only subjective expression). If
pupils have a problem with the proposal, the teacher helps them with the proposal.
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Obrázok 59: Čierny a biely pohár

They can investigate this problem using two identical cups (eg plastic/paper coffee cups),
one wrapped in white paper and the other in black. It is important that the papers are
of the same kind, only of a different color. At the top of the glasses they place a lid into
which the teacher pre-drilled a hole for a thermometer. Place the thermometer in the lid
opening so that the scale is above the lid and the bottom of the thermometer is below the
lid (thermometers should show the same value). They attach the thermometer to the lids
with plasticine to prevent heat escape). In this way, the teacher supports the development
of competence objective reality.
Then place the thermometer in the cups. It is important to warn pupils that there are no
holes or gaps in the cap to allow heat to escape. The cups thus created are placed in sunlight. After about 30 minutes, the pupils check the value and write down the results.
A more complicated option may be to record the temperature in both cups at regular intervals (eg every 5 minutes). In order to allow pupils to check the elapsed time, they can
use a hourglass or a stopwatch. They will record the results again and draw conclusions
from them, returning to the question at the beginning of the activity they answer.
In this way, the teacher supports the development of the ability of pupils to measure and
draw conclusions that are derived from the values obtained. Pupils find that light and dark
surfaces (made of the same material) show a difference in temperature increase, with the
measured temperature in the dark container reaching a higher temperature (dark surfaces
absorbing energy from solar radiation) compared to the temperature in the white container (white and white respectively). light surfaces reflect incident radiation). The higher the
absorption, the higher the temperature in the container (car).

Task 5
Materials and tools for a working group:
• 2 identical jars with lid, 2 thermometers, plasticine, stop watch, white and black paper
(same kind, different colors only), glue
This task can be seen as the opposite of the previous task. The role of the pupils in this
activity will be to investigate which jar (white or black) will cool down more quickly. This
means that if both jars are placed out of the sun (eg in a shade in the classroom or in a co197
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oler room), in which the temperature begins to drop more quickly until it becomes constant. In this case, too, pupils may notice a drop in temperature, e.g. every three minutes.
The teacher can follow up on the findings of the previous assignment, asking the pupils if
they think that the temperature in the jars will also drop differently, or will fall the same or
not at all. After the discussion, pupils mark their predictions in the worksheet, and the teacher discusses them with the pupils. It is noticeable whether the pupils are only guessing
their answers or giving them their knowledge or experience. They will record their results
and draw conclusions from them.
Pupils already know that the white container heats less than the dark one because it reflects more energy from the sun. Black surfaces absorb more energy, which at the same time
emits more light compared to light.

Task 6
Materials and tools for a working group:
• (eventually each group will prepare 1–2 jars to compare with each other): 5 identical
jars with lid, 5 thermometers, plasticine, stop watches, colored paper (except white and
black colors – the same kind), glue

Procedure:
In the following task, the pupils will examine the effect of different colors on the temperature in the jars. The color of the jars can be any except white and black.
The individual colors and their effect on the temperature in the jars will be recorded and
compared. According to the colors chosen, the pupils color the jars in the worksheet,
which they then arrange from the ones that they think will heat the most (label 5) to the
least (1). After predictions have been made, the teacher discusses them. It notes whether
the pupils also refer to the findings of the previous task.
After the discussion, they prepare jars that are wrapped with colored paper according to
the color of their choice. Here again, the teacher reminds the pupils to use the same glasses
(material, shape) and the same type of colored paper (they differ only in color). He should
also warn them to use only one sheet of paper, not more. They place a plasticine cap on
top of which they place a thermometer. They put the cups in the same place – preferably
where the sunlight falls directly. They then verify their predictions.
Pupils should record the temperature at a certain time interval (eg every minute) until the
temperature has stabilized. Each pupil in the group can record the temperature change of
one jar. They write down their findings and compare them with predictions. At the end
they organize colors from „warmest to coolest“, i. from those that absorb most energy to
those that most reflect energy from solar radiation.
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Task 7
Materials and tools for a working group:
• ice cubes, scales (or measuring cup), colored trays with lid (or plastic containers wrapped in colored paper), clock

Procedure:
In order to investigate more precisely the effect of color on temperature, the teacher and
pupils can carry out an activity to investigate the effect of color on melting ice. If pupils
already know that dark color receives more energy compared to light and at the same time
emits more energy, they will further explore, as will be the case with different colors and
ice – a combination of color and a cool body.
The task of the pupils will therefore be to find out in which container (eg sealable plastic)
the ice will melt more quickly. It is important to point out to pupils that the same conditions are met when selecting the container and the amount of ice; the containers should be
the same (same material, shape, size). In order to maintain the same amount of ice, it can
e.g. weigh (it should be kept in mind that when using ice cubes, not everybody needs to be
the same. The weight of the ice cubes should be approximately the same). They write their
predictions in the worksheet again. We recommend that the teacher prepare ice cubes the
day in advance – he can bring it to the classroom in a thermos.
As pupils already have knowledge about the effect of color on temperature from previous
tasks, the teacher emphasizes how to verify their predictions. Ice will melt in all containers
– but it is important to find out in which more quickly and in which less quickly. Pupils
should therefore propose a precise procedure in which these differences are detected, resp.
they will be able to measure them. They record their progress in the worksheet. After expiry of the agreed time (e.g. 25 min), ice from the containers eg. weigh and compare with
their weight before placing in containers, or they can measure the amount of water present
in each container using a measuring cup. At the end of the activity, they will conclude their
research. Pupils find that in containers of darker color, the ice melts more than in light
containers. Another variant may be to compare the temperature in the containers (containers from task 5) with different contents – e.g. filled with water, sand, gravel, clay, etc.

Task 8
Materials and tools for a working group:
• containers of various shapes, measuring cup (measuring cylinder)
The aim of this task will be to investigate what happens to the water in the container when
exposed to sunlight. The teacher can start the activity by forgetting the water in the glass
on the balcony. The next day he found only an empty cup. He discusses with pupils what
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could happen with water and whether they have similar experience (e.g. puddles after
rain, water in the children‘s pool in the garden, etc.). In the discussion they come to the
concept of evaporation.
Further, they are asked if they think it is important in which container the water is located
- cups of different shapes, all of the same material, with the same volume of water and placed in the same place. Pupils write down their predictions. The teacher is again discussing
their predictions with them, requesting justification. In the next step, it will ask pupils to
suggest how they can verify their predictions. The proposal is more or less resulting our
of the assignment. The teacher leads pupils to plan an objective procedure, i. to realize the
importance of maintaining a level playing field for all containers under investigation - the
same amount of water and the same location.
Pour the same amount of water into the plastic/glass containers (approx. 2 dcl). The water
level in the cups is marked with a black marker. Subsequently, the containers are placed
in the same place, e.g. on the windowsill. Cups watch in 5–7 days. On the last day they
measure the amount of residual water using a measuring cup and compare it with the original amount of water. Thus, pupils will find that the rate of evaporation of water depends
on the surface area of the surface, i.e. the larger the surface, the faster the evaporation will
take place.
At the end of the activity, the teacher can ask the pupils if and how to prevent evaporation.
Pupils write/draw their proposals. The teacher then discusses their suggestions with them.
If possible, they shall realize the proposals. Pupils can suggest e.g. that we can cover the
containers, thus preventing the „steam“ leakage.

Task 9
Materials and tools for a working group:
• 2 PET bottles (recommended thicker ones or alluminium bottles), colored paper, scissors, pencils, dropper, hot water (can also be from an electric kettle – approx. 50 °C),
cold water

Procedure:
The task of the pupils will be to examine how temperature affects the rate of evaporation.
At the beginning of the activity, the teacher can discuss with the pupils what they would
do if they put the shirt on with water to dry them as quickly as possible. The discussion
should suggest suggestions in which pupils should be able to illustrate the different ways of
increasing the heat so that the water evaporates more quickly and the shirt can dry more
quickly. They draw/write their proposals in the worksheet (first task worksheet).
The teacher then moves on to the next task. He asks pupils which paper will dry earlier
– placed on a hot or cold object? Before giving them a worksheet with the next task, he
discusses with the pupils the topic. At the end of the discussion, he will ask them how they
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would verify their predictions. If the pupils do not propose anything, or if their proposals
are not feasible, the teacher offers his proposal, which is presented in the worksheet.
The pupils write the predictions and the teacher discusses them with pupils. They cut out
2 squares about 2×2cm from colored paper (they should choose colors other than black
and white paper for better visibility). They then fill 2 equally sized PET bottles with water – one cold water and the other warm water. It would be preferable to use aluminum
bottles. The bottles will lie down and ensure that they do not move (eg they are supported by pencils on both sides). On the prepared squares of colored paper, 1 drop of room
temperature water is dropped using a dropper and placed on the prepared bottles at once.
A variation in the activity may be the use of water in bottles of the same temperature, with
hot water dripping on one square and cold water on the other. Thanks to the use of colored
paper, it will be easy to identify which paper (on a cold/warm surface) will dry earlier.
Another option is that pupils can explore other types of material (fabric, paper, cotton swab,
etc.) in addition to paper. Each group can prepare a different kind of material. They are then
placed on the bottles at once and compare which bottles have dried (if at all) the material
under investigation before. In addition, they can compare which material has dried earlier.
In this way, pupils examine the evaporation of water. The teacher tends to discuss whether
this phenomenon is also encountered in nature (rain puddles, reservoirs, etc.).

Task 10
Materials and tools for a working group:
• glass, water, ice, dishcloth
In this task, pupils investigate the formation of water vapor. They will find out how and
under what conditions water vapor condenses from gas to liquid and how the temperature affects this change. At the same time, they may notice that temperature is not the only
factor affecting the rate of evaporation of water. Another important factor is the amount
of water vapor found in the air. Even at higher temperatures, the evaporation rate does not
necessarily increase if there is already a high concentration of water vapor in the air.
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I think the water
vapour in the air has
turned into drops of
water on the glass

Maybe the ice has
melted on the outside
of the glass

I thnik that some of
the water must have
leaked out of the glass

© S Naylor and B Keogh

The glass gets wet because the cold changes
into water on the glass

Pic 60: Vznik vodní páry

The teacher can start the activity by showing the pupils a concept cartoons© image in
which four people think why an ice cup is wet from the outside. The task of the pupils will
be to think about which statement and choose one they agree with and further justify the
choice. If they disagree with the statement of any character, they can create their own.
The teacher discusses with the pupils to find out their ideas about condensation. After
making the predictions (marking the person they agree with), the teacher asks the pupils
to think about how they could verify their statements.
They can e.g. realize the situation in the picture, changing the jar (to see if the water leaks)
and the water temperature, or its amount. Pupils do not have to explain exactly what is
happening during condensation – it will be enough to investigate when “drops” on the
glass occur and when not.

Task 11
Materials and tools for a working group:
• 4 same glasses, hot water, cold water, ice
This task can follow up the previous one, or we can use it to verify the predictions, respectively the statements that the characters in the picture (dis) agree with.
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Pic 61: Tvorba vodnej pary 1

The task will be to examine and record the formation of water vapor. Pupils draw/write what happens if the glass of warm water is covered with a second glass (both glasses
should be transparent). After discussion, they will verify their predictions.

Pic 62: Tvorba vodnej pary 2

Further, the teacher can proceed by presenting two glasses of hot water covered by empty
glasses. However, in this case, the ice cube will also act on the upper glass. They place an
ice cube on one of them (approx. for 1 min). The task will be to illustrate how steam will
form in each cup – whether and how the ice cube will influence the steam formation. After
about 1 minute they remove the ice cube and record the findings.
The teacher discusses with pupils where this phenomenon can be observed in the nature.
The discussion is directed to the hydrological cycle in nature – from water evaporation,
through cloud formation to precipitation

Task 12a
Materials and tools for a working group:
• worksheets, picture of hydrological cycle in nature, encyclopedia, internet
The teacher can start the activity by showing pupils a picture of country. The task of pupils
will be to identify where and in what form the water is located.
The teacher asks the students questions such as Where is the water in the picture? Is it only
in the sea/lake? Is it also on the mainland? Do you think water can be found underground?
If so, how did it get there? Where does the water come from when it rains? How do you
think it got there?
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Pic 63: Kolobeh vody

Pupils can display water directly by drawing on worksheets. In addition, they should record in what state the water in the figure is. Consequently, the teacher can ask pupils to
find out about the water cycle in nature in secondary sources – encyclopedia, internet.

Task 12b
Materials and tools for a working group:
• picture of hydrological cycle in nature, larger plastic container or aquarium, clay, water, ice, 3 pcs plastic cup, food foil, stones. Alternatively, the teacher can use standard
teaching tool representing Hydrological Cycle (or adapt it according to the pupil‘s suggestion).
The task of the pupils will be to design and create a water cycle in nature that they could
realize in the classroom. The teacher first presents them a picture of hydrological cycle, in
which they are to figure the movement of water in nature using arrows. Teacher discusses
the sketches with them and asks for a justification (pupils should use findings from previous tasks). After the discussion, he asks the pupils to think about whether it is possible
to create a water cycle in the classroom. She lets pupils discuss in groups, asking them to
draw their predictions.
If pupils have a problem with this step, the teacher can present them with the tools they
use to create a cycle in nature – i. aquarium (or transparent plastic container), clay, 3dcl
plastic glass with 3 ice cubes, food foil to cover the aquarium (or microtene bag), plastic
container (small – we insert clay), two small plastic cups, 3dcl plastic glass, 5 stones, water,
rubber band.
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Pic 64: Model kolobehu vody

In the middle of the aquarium (large plastic container) pupils put one empty glass (we
recommend to attach it with a melting gun to avoid overturning), put a small bowl in the
corner, pour the clay (full 3 dl glass) ice and the bottom of the container laid four stones.
Two 3dcl glasses of water are poured into the clay container and the aquarium is sealed
with a foil (or microtene bag), which is attached with a rubber band. In this way, pupils can
see various changes in water state – evaporation, melting, condensation.
The center of the foil will be loaded with a stone, which must be placed just above the glued empty glass. As water is evaporated and subsequently condensed on the top sheet, the
water will drop into the glass at the location where the stone is placed on the sheet. The
foil (bag) can be painted with a tempera color and allowed to dry before being placed in
the aquarium.
After creating this model, the teacher discusses with the pupils what they think will happen to the water in the container. After the discussion, a teacher asks how they could speed
up, or slow down the water flow into the glass. The task of the pupils will be to propose
conditions that will speed up/slow down the water cycle. Also in this task, pupils should
use findings from previous tasks.
Subsequently, pupils create the same models (the number depends on the number of conditions examined) and provide the proposed conditions. The teacher should be careful to
always examine one variable so that they can clearly say what causes (accelerates/slows)
conditions in the container. For example, when examining the effects of light, they should
create at least two models, both of which will be exposed to the same temperature (eg on
the window sill) and cover one of them with an opaque container. If they wanted to study
the model at different temperatures (cold, heat), they can place one model on the windowsill and the other in a cool room. In this way, the teacher supports the development of
the ability to objectively examine reality.
If the pupils have a problem with this step, the teacher can help them to propose the conditions (see worksheet).

205

I – S.K.Y.P.E. Methodical Handbook for Teachers
5. The composition of the Earth

3.2 Working with idea aboutweather and weather forecast
The following activities are focused on investigation of weather. First, the pupils identify
the basic meteorological elements that need to be found in order to propose a weather
forecast. Subsequently, the individual tasks are devoted to the investigation of meteorological elements. As part of their closer examination, pupils also try to quantify them. In
the following tasks, we focus only on those elements that are easy to explore for younger
school children.

Task 1
Materials and tools for a working group:
• newspaper with weather forecast, internet
This task can start with discussion about the weather and its forecasting. The teacher discusses with the pupils what is the weather, what influences it and whether it can be predicted. Subsequently, the task of the pupils will be to bring the weather forecast for the next
day (e.g. newspaper cuttings, or the teacher will provide them with newspaper cuttingshe prepared in advance.The task of the pupils will be to find out what weather forecasts
consists of (air, sea temperature, wind speed, clouds, etc.) by examining and comparing
different weather forecasts.
This task can start with discussion about the weather and its forecasting. The teacher discusses with the pupils what is the weather, what influences it and whether it can be predicted. Subsequently, the task of the pupils will be to bring the weather forecast for the next
day (e.g. newspaper cuttings, or the teacher will provide them with newspaper cuttingshe
prepared in advance.The task of the pupils will be to find out what weather forecasts consists of (air, sea temperature, wind speed, clouds, etc.) by examining and comparing different weather forecasts. The teacher also draws pupils‘ attention to various weather-related
signs (e.g. sunny, cloudy, etc.). Consequently, pupils can compare weather-related tags in
forecasts from different sources (Internet, different magazines, etc.). The task of the pupils
will be to find out whether the signs are different or the same or similar.
At the end of the activity, the teacher will provide the pupils with weather forecasts from
different time periods / places and the pupils will be asked to present their weather forecasts. In this way, pupils are encouraged to “read” the weather forecast.
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3.2.1 Teplota
Task 2
Materials and tools for a working group:
• worksheets, crayons
By studying different weather forecasts, pupils should identify basic meteorological elements
such as air temperature, cloudiness, air pressure and humidity, wind direction and speed.
This task focuses on the examination of air temperature. At the beginning, the teacher
discusses with the pupils about the air temperature – whether it can be measured and if
so how, whether it changes during the day, whether it is the same throughout the year, the
same throughout the day everywhere in the world. Furthermore, the discussion is directed
to the way of measuring and „reading“ the temperature of the thermometer, discussing
different types of thermometer – what they know how to use them, where they are located
(outside, inside) and so on. Before measuring the temperature during the day (task C), the
task of the pupils will be to “read” the different values from the thermometers (task A) and
vice versa, to record the different values in the thermometers (task B).
25
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Obrázek 65: Teplota vzduchu

Task A shows thermometer images. Each displays a different temperature value. The task
of the pupils will be to write the value displayed by each thermometer under each thermometer. After entering a numerical value for each thermometer, pupils should determine
the thermometer that shows the highest temperature, and vice versa, the lowest temperature. If the pupils have difficulty reading the scale, the teacher can simplify it by displaying
the thermometer value not in tens but in five.
In Task B, pupils have pictures of thermometers in which no temperature is shown. Below
them is a numeric value. It will be up to the pupils to plot this value on the thermometer scale.
These tasks (A, B) aim at developing the ability to measure, namely developink the quantitative measurement (recording the value of the variable being studied) using the scale.
Although in the initial development of the ability to measure, the pupils are first led to
compare, record the frequency or order and create their own measuring instruments, in
this case the production of the thermometer would be very complicated for the pupils.
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Task 3a
Materials and tools for a working group:
• worksheets, crayons, 2 outdoor thermometers, clock
In the third task, pupils will find out how the temperature changes during the day. Their
task will be to record the temperature within one day. They will agree on the frequency at
which they will record the temperature. Ideally, the temperature is recorded either every
2 hours or 3 times a day, i. morning (8.00 am), lunch (12.00 pm) and evening (19.00 pm)
– at a specific interval to agree in advance and times are written in the worksheet. Before
doing so, however, they should familiarize themselves with the principle of temperature
measurement with the thermometer to be used in the activity.
In the worksheet, they will record the temperature during the day with a thermometer
placed outside. Consequently, the teacher can ask them questions that are based on the
“reading” of the graph data, eg: How did the temperature change during the day? Was she
still the same? When was the highest temperature during the day? When was the lowest
temperature during the day? When did it start to fall? At the end of the activity, pupils draw
conclusions based on the measured data as the temperature has changed during the day.
In another measurement, they can record temperature during the day using two thermometers, one positioned so that most of the day is exposed to direct sunlight and the other
to shadow. The temperatures are recorded and the results compared, evaluated and drawn
from the observation.

Task 3b
Materials and tools for a working group:
• worksheets, crayons, 2 outdoor thermometers, clock
In the days that follow, pupils can take temperature measurements during the week, every
day at 12.00 or every second day (or temperature in the morning, at lunch and in the evening – the hour at which the teacher will determine the temperature at his/her decision)..
Once the record has been marked, the teacher can again lead the children to find information in the measured data. Eg: Has the temperature changed during the week? Which
day was the warmest one? Which day was the coldest one? When was the lowest/highest
temperature during the week in the morning? etc. In this way, the pupils are encouraged
to read the recorded data, learn to orient themselves in the table and rely on the measured
/acquired data when making a conclusion (or answering a question).
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Task 4
Materials and tools for a working group:
• average temperature diagrams from the selected city/region
The teacher can further explore with pupils how the temperature changes during the year
in a particular city in selected region/country (Slovakia). At the beginning, he or she can
discuss with pupils how the temperature changes during the year. It asks them which
month they think is the hottest; when the temperature is the highest during the year and
vice versa, which is the coldest; own experience.
Then they can show them a graph showing the average temperatures during the year in
Slovakia, specifically in Bratislava (the teacher can adjust the location according to himself). Also in this role, it focuses primarily on the orientation of the pupils in the graphs,
reading the data from the graphs and on the basis of them leading to answering the questions stated in the worksheet.
After studying the graph, the teacher asks them questions (examples of questions are given
in the worksheet) focused on the data displayed in the graph. If the pupils have a problem
with this step, the teacher will help them with the graph and reading the data from it.
Table B shows the graph of average temperatures during the year in city of Poprad. In this
case, pupils will try to answer the questions below the graph again. Subsequently, they
compare the average temperatures in Bratislava and Poprad and draw the conclusion

3.2.2 Vietor a jeho rýchlosť
Another meteorological element is the wind. In meteorology it is important to know its
direction and speed. Before the investigation the pupils need to design their own “instruments” to measure these two wind characteristics. Initially, the teacher leaves the students
room to think about the designs themselves and try to create a design for their construction. If the pupils have a problem with this step, or if their suggestions are not feasible
(eg because of the time required), the teacher will help them with the suggestion. In this
way, pupils are encouraged to develop their ability to work according to a simple sketch.

Task 1
Materials and tools for a working group:
• 2l PET bottle, sand, pencil with eraser, straws/skewers, drawing paper, scissors,
pin/clove, paper plate
The teacher discusses with the pupils about wind. He asks them questions to try to identify
their ideas about the wind: What do you think the wind is? How do I know if it‘s blowing
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outside when I‘m at home and looking through the window? How strong can the wind be?
Can you create a wind in the classroom? If so, how? If not, why? Further he asks whether
the wind can be measured. If yes, what exactle can be measured (direction and speed) and
how? If the pupils are unable to answer, they will remind them of the weather reports,
where the direction and speed are given.
In the first task, the pupils themselves should propose how they can determine the wind
direction. They may indicate different ways – e.g. observing the movement of leaves on
the ground, tree crowns, smoke from chimneys, etc. It then provides them with various
materials and aids (straw, paper, glue, scissors, skewers, etc.). The task of the pupils will be
to design a wind direction indicator through which they can determine the wind direction. By drawing their suggestions first, pupils are forced to reflect on the workflow and the
individual steps of their work. They also learn to create simple schemes in this way.
In addition to identification of the wind direction, it is important that pupils also determine the direction of the wind; whether it is northern wind (which is colder), southern wind
and so on. Pupils should be aware that where the wind comes from affects the nature of the
weather. For this reason, pupils should also suggest how they can find out where the wind
comes from. The easiest way to determine cardinal points is to use a compass.

Pic 66: Směrovník

One possible suggestion may be to create a pointer from a 2-liter PET bottle, which they
fill with sand for its stability. Place a pencil with an eraser (sharp end down) on top. Using
a straw / stick and a drawing paper, they create a pointer (arrow shape), which is fixed to
the top of the pencil with a nail or pin - where the rubber is located. It is important that the
pointer can move, i. it should not be fixed permanently. They stick the bottle on a paper
plate, where they have previously marked the cardinal points with the compass.
If the pupils do not propose any idea, the teacher can provide his one. This way, he can
develop the ability of pupils to follow a simple sketch.
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Task 2
Materials and tools for a working group:
• pencil with rubber at the end, five 1 dcl plastic cups, pin (or small clove), straws/sticks,
hot pistol, hair dryer (one is enough for a whole class), PET bottle, sand, stop watches
Once pupils have created a wind direction indicator, their next task will be to wonder
if they can measure winds speed. The teacher leaves room for the pupils to make a suggestion as they might think about their suggestions. A more complicated option is if the
teacher does not provide the material and pupils themselves have to design the necessary
material and procedure (tool) itself as well.
After making the proposals, the teacher discusses with pupils how to realize their ideas. In
this task, it is important to explain the principle of measuring wind speed. Pupils should
try to quantify the wind speed.
In case they have a problem with this step, the teacher can provide them with various aids
and materials to create a wind speed measuring device. The simplest option is to provide
them with a proposal that they only implement. However, it is important to always give
pupils room to think and propose their own designs. In this way, the teacher “forces” the
pupils to think about the problem and look for solutions.

Pic 67: Anemometer

To create an anemometer they will need a pencil with a rubber, five 1 dcl plastic cups, a pin
(or a small nail), straws. It is important to ensure that the straws on the pencil can rotate.
They mark one cup. The pencil should be fixed so that the anemometer does not fall when
the wind is stronger (they can use a PET bottle filled with sand again). Likewise, cups on
the straw/stick should be attached using the hot pistol. 1)
The functionality of anemometers can be tested e.g. using a hairdryer. In the case they
do not turn around, or if there is another problem with its functionality, the teacher asks
the pupils to try to identify the problem (why it does not work) and then to alarm their
anemometer to work.
1)

https://sk.pinterest.com/pin/173247916887574640/

211

I – S.K.Y.P.E. Methodical Handbook for Teachers
5. The composition of the Earth

Wind speed will be measured by counting the number of revolutions during the agreed
time period. Therefore, it was necessary to mark one cup. Pupils can examine the number
of revolutions at the same time under different conditions (hair dryer at 1st gear, 2nd gear,
etc.) and environment (e.g. before school). At the end of the activity they will draw a conclusion from their research.

Task 3a
Materials and tools for a working group:
• wind direction pointer and anemometer
In this task, pupils will investigate (using the wind measuring instruments) whether the
wind direction is the same everywhere and changes during the day. They will first examine
whether environment affects the wind direction. It means, whether they think the wind
will blow in the same direction in all parts of the school yard (eg on the playground, in the
school box, at the entrance to the school, at the trees on the school grounds, etc.) or not.
Pupils should first determine the wind direction and its speed e.g. in front of the school
entrance. Subsequently, they should make predictions about where at the school yard the
wind will blow wind faster, where slower and where it will not blow at all. In addition, they
can make predictions about whether in each of the places they proposed, it will blow in the
same direction as in front of the school entrance. After writing the predictions, they will
discuss them together with the teacher. Some pupils may assume that wind direction and
wind speed will not change, and no wind will occur during the day it blows. In this case,
the teacher can suggest them places where the wind is likely to be blowing at a different
speed. in other directions because of obstacles.
In the discussion, teachers ask the students to justify why they think that the wind will
(not) blow in which direction or at another / same speed. Subsequently, they verify their
predictions with the help of created tools at places in the school yard (or in the vicinity of
the school), which they proposed. The results (wind direction and wind speed) are recorded in Table B. In conclusion, they compare the findings with their assumptions in Table
A and attempt to draw a conclusion from their investigation.
A variation of this activity may be to examine wind direction and speed over a period of
1 week at a particular location and at the same time. E.g. pupils write down the direction
and speed of the wind in front of the entrance to the school building at 10.00 am every day.
Data is recorded every day and evaluated at the end of the week. Similar measurements
can be made once a month or every season. In this way, they can compare wind speed and
direction and change them depending on the season.
Finally, the teacher can ask pupils questions e.g. in which month did the wind speed reach
the highest/lowest value? In which month was the wind blowing mainly from the north?
Etc.
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3.2.3 Oblačnost
In a set of the following tasks, pupils explore the shape of the clouds, their color, quantity,
movement in the sky and how these variables affect the nature of the weather.

Task 1
Materials and tools for a working group:
• crayons
At the beginning the teacher discusses with the pupils about louds - their shape, color, quantity in the sky, weather and so on. Do all clouds look the same? If so, what do they have
in common? If not, how do they differ? In a case pupils cannot answer the questions, the
teacher can provide them with pictures of different types of clouds. Subsequently, it will be
up to the pupils to find out how the clouds change during the day (they can observe for several days). Every 1–2 hours they will record the shape, color, amount of clouds in the sky.
Each category will be recorded in the worksheets. The categories of shape and color of
the clouds are unambiguous (they draw the approximate shape of the cloud and the color
represented by a color in the PL). In the quantity category, they notice the cloud coverage
of the sky. For clearer resolution, they can use levels:
– 0 – clear – no clouds
– 1 – partly cloudy – occurrence of enclosed freestanding clouds
– 2 partly cloudy – occurrence of a large number of freestanding clouds, which are interconnected by places
– 3 – cloudy – sky continuously covered with clouds
In addition, they can also record the current weather conditions – e.g. if it is sunny, draw
the sun symbol, if it rains, draw a drop, etc.:

Pic 68: Symboly počasia

After observing and recording the traits, the teacher and pupils discuss how the cloudiness
changes during the day and how it affects the nature of the weather.
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Task 2
Materials and tools for a working group:
• worksheets
Another task is to examine the impact of clouds on the nature of the weather, respectively precipitation appearance. Through observation, pupils can see if the presence of each
cloud is associated automatically with rain. At the beginning of the activity, the teacher
discusses with the pupils the nature of the weather depending on the clouds: Are there
clouds in the sky only when it rains? Can they also occur during a sunny day? If so, what
do they look like? Are they different from those that bring precipitation? Can we predict
rain or storm by observing clouds?
Before making observations, pupils make predictions as to whether the weather can be
predicted by observing clouds. Pupils should draw/write down predictions about what
clouds (and if any) occur in the sky in different types of weather. Verification of predictions is associated with longer observation. Pupils will record the nature of the weather (the
same categories as in Task 2) within a few days (2 weeks to a month; they can observe either at the same time every day or, for example, every Monday at 12.00 during one month).
On the basis of a longer observation, pupils can observe the different character of weather
and the occurrence of clouds during it. They can also record air temperature, wind speed
and its direction. The results of the observation shall be entered in a table in the worksheet.
Then they return to their predictions and write down their findings.
Finally, they will try to conclude with the teacher whether weather patterns can be predicted based on the occurrence of different types of clouds, depending on the measurement
of wind speed and direction and air temperature.

Task 3
Materials and tools for a working group:
• weather maps, internet
The teacher starts the activity by talking about whether pupils have noticed on the weather
forecast TV that they are displaying maps explaining the weather. The teacher discusses with
them what they think the maps are for and what they show. In addition to the territory of
the country with expected temperatures for the next day or night, we can see satellite maps.
This map can be displayed on an interactive whiteboard, e.g. on the website of the Slovak
Hydro-meteorological Institute 2) we can find interactive maps of development of the weather, precipitation amount and wind speed during the following day. The task of the pupils
will be to use this map to predict the progress of the weather (e.g. for the city where the
school is located) within a few hours.
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After studying the map, pupils create predictions about the development of the weather
for the nearest hours (according to the display of cloud movement on the map). At the
same time, the teacher asks the pupils to justify them. They verify their predictions by
observing clouds at a particular hour.

Task 4
Materials and tools for a working group:
• wind direction indicator and anemometer, outdoor thermometer
After examining the above meteorological elements, pupils can create their own weather
forecast for the next day. Based on the current temperature, direction and speed of the
wind and clouds in the sky, pupils should create conditions for further weather development.Again, the teacher discusses their predictions with them and asks them to justify
their claims.Pupils verify theirpredictions by observing the weather for the next day (or
an hour depending on how they agree with the teacher). They will compare the findings
with the predictions and try to draw a conclusion.

3.3 Working with ideas about soil and rock composition
The set of the following activities focuses on soil and rock composition. The students will
find out that each rock is composed of different minerals that affect its properties. The
composition of the soil also varies depending on the location, but also the depth, where
the soil is located.

Task 1a
Materials and tools for a working group:
• soil sample, magnifier, flashlight
The first activity focuses on soil investigation – what can we find in it. The teacher discusses with pupils about their ideas about soil composition: What is soil? Where is it? What
can we find in it? Answers are not evaluated. The task of the pupils will be to create the
predictions about what they can find in the soil.
The teacher discusses their predictions. He asks pupils how they could verify it. Further
they examine either the soil outside the school yard (the teacher uses a spade to sweep
the soil that pupils can explore), or the teacher brings the soil samples to the class he had
prepared in advance. Magnifiers and flashlights are available for better investigation.
Subsequently, pupils write down their findings and compare them with predictions.
The teacher asks them if they can classify items found in the soil into several categories
(eg living, inanimate, dead parts). In a case of younger pupils, categories are provided by
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the teacher. Individual categories can be circled in worksheets – e.g. live parts with green,
inanimate blue and dead red. If they find any animals in the soil, they can identify them
using the encyclopedia or the Internet.

Task 1b
Materials and tools for a working group:
• soil sample, 2dcl sand, magnifiers, small plastic spoons, white paper (as background),
flashlight.
When pupils sort out larger parts of the soil (e.g. roots, stones, animals, branches, leaves,
etc.) they focus on what is left. In addition to such a clay sample, the teacher will give them
about 2dcl of sand. The task of the pupils will be to compare both samples.
They record the characteristics of both samples (appearance, touch, smell, sound). Appearance – what is the composition of clay/sand? What particles does it consist of? What are
the colors? Touch – what is the touch of clay/sand? Are they soft/hard/smooth/rough/wet/
dry/cold/warm? Smell – smells clay/sand? Does the smell remind you of something? Or
are they odorless? Sound – is it possible to „hear“ the clay/sand? Do they make a sound
when we put them on paper?
Subsequently, the two samples are compared – in which they differ and vice versa, what
they have in common. What do you think is the difference between them? Do they have
the same/similar composition? Can be found on the same place in the nature? Can plants
grow in both of them? The predictions are discussed together, and the teacher asks for
their justification.
When examining the soil, pupils should have magnifying glasses, small plastic spoons,
white paper (as background), flashlight. In doing so, the teacher draws attention to the
details: are the two samples the same when touched and handled in palm? Are they rough
or soft? Wet or dry? What about their composition? Are both of the same or different
parts? What colors are they? Are they shiny or matt? Is there a difference in their smell?
Do you feel anything? Does the smell remind you of something? Or are they odorless? In
this way, the teacher encourages pupils to develop their ability to observe. Subsequently,
pupils identify the same and different properties of clay and sand. In further exploration,
they can use several types of soil and other material (eg gravel).

Task 2
Materials and tools for a working group:
• various soil samples, plastic cups (approx. 3dcl), measuring cup, water, stopwatch,
cup holder (e.g. tray).
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The teacher begins the task by talking about houseplants. He asks the pupils whether they
help watering house plants or plants in their class. The teacher directs the discussion towards the openings on the underside of the pot and towards the bowls below the pot. He
asks the pupils how they think the water gets into the bowl when we pour the plant from
above. The research question should arise from the discussion: Which material (soil) permits the most water and which least? Pupils make predictions according worksheet provided by teachers. They should suggest how they can verify their predictions.
For example, pupils can use plastic cups (0.5l) to make a hole (about 0.5–1cm) in the bottom. They should ensure that the holes on each glass are approximately the same. They
then put the same amount of material (e.g. a full 3dcl cup) into each cup, onto which they
pour the same amount of water (e.g. 2dcl). Water that flows out of the glass should be
collected and measured – so they find out how much water remains in the materials. In
addition, they can detect the time it takes for water to run out of the glass. After verifying
the predictions, pupils write down their findings, compare them with the predictions and
try to draw a conclusion.

Task 3
Materials and tools for a working group:
• different types of rocks, magnifiers, transparent pockets, cup, water, vinegar.
This task aims to explore different types of rocks. Pupils will find out that each rock consists of a different material (mineral), which affects their properties. The task of pupils will
be to explore what different rocks have in common and how they differ. Pupils can look for
rock samples around the school. These should include drilled rocks (e.g. granite, basalt),
metamorphosed rocks (graphite, magnetite, marble) and sedimentary rocks (sandstone,
quartzite). The aim of the activity will not be to divide rocks into these three categories. By
deliberately selecting rocks from the categories mentioned above, the pupils discover that
each rock has different characteristics.
Pupils examine the appearance of rocks (Are they shiny? Matt? What color are they made
up of large grains? Is it possible to see grains?, etc.), smell (How do they smell? Recalling
the smell something?), surface (Are rough or smooth?). In addition, they will find out if
they brake down into smaller pieces easily after the fall (hence all rocks should be about the
same size). They can detect fragmentation by placing each rock separately in a transparent
bag and lowering it always from the same height (e.g. from a school table). Another possibility is to investigate the properties of rocks after their insertion into water or vinegar (eg
for 5 minutes – what happened to them? Have they changed their properties?) Finally, they
evaluate the properties of individual rocks and suggest their use in everyday life.
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OUR SOLAR SYSTEM
IS A VERY SMALL PART
OF ONE OF BILLIONS
OF GALAXIES IN THE
UNIVERSE
1. SCOPE OF THE CHAPTER
1.1 Characteristic of the Big Idea
According to the concept of Harlen´s Big Ideas in Science, this particular Scientific Idea
covers following understanding of the particular natural phenomena: “Our Sun and eight
planets and other smaller objects orbiting it comprise the solar system. Day and night and
the seasons are explained by the orientation and rotation of the Earth as it moves round the
Sun. The solar system is part of a galaxy of stars, gas and dust, one of many billions in the
Universe, enormous distances apart. Many stars appear to have planets.” (Harlen, 2015).

1.2 Suggested development of the Idea at primary education level
(7–11 years old pupils)
Big ideas are at primary age in intense development. To support the further development
of the Idea, pupils at primary age should be exposed to the following level of the Idea: “The
Earth moves round the Sun taking about a year for one orbit. The Moon orbits the Earth
taking about four weeks to complete an orbit. The Sun, at the centre of the solar system, is
the only object in the solar system that is a source of visible light. The Moon reflects light
from the Sun and as it moves round the Earth, only those parts illuminated by the Sun
are seen. The Earth rotates about an axis lying north to south and this motion makes it
appear that the Sun, Moon and stars are moving round the Earth. This rotation causes day
and night as parts of the Earth’s surface turn to face towards or away from the Sun. It takes
a year for the Earth to pass round the Sun. The Earth’s axis is tilted relative to the plane of
its orbit round the Sun so that the length of day varies with position on the Earth’s surface
and time of the year, giving rise to the seasons.” (Harlen, 2015)

Science education content in key words:
Time measurement (sundial, hourglass)
Phases of the Moon
Calendar
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Orientation in nature
Models of planets, comets, the Sun
Constellations
světové strany
orientace podle přírodních úkazů, orientace podle Slunce,
hvězd, orientace podle Měsíce
Slunce, planeta, sluneční soustava, kometa, model

2. SCIENTIFIC BACKGROUND FOR TEACHER
2.1 Time measurement
Time is one of the basic physical quantities. It has been influencing human life since
ancient times, and people have been aware of the passage of time since they began to
consciously notice their surroundings. Time differs from other basic physical quantities
by the fact that it flows in only one direction. From the point of view of fundamental
physical theories, such as the general theory of relativity, time has yet another, much more
general significance – the reflection of the invariability of space-time against the shift in
time, which is manifested by a key natural science law, a generalized law of Energy conservation. If we look at time with the eyes of quantum mechanics, we observe different
time than that of classical physics. The time is quantized in tiny grains with a size of
10–35 s, as described by the prominent German physicist Max Planck at the turn of the
19th and 20th century. What is even more remarkable, is that time has its unstoppable
beginning, the moment in which time arose together with the whole universe. We call this
moment the Big Bang. Whether the time also has its end, it is again linked to the existence
of the entire universe. If the universe has its end, it will end with a huge collapse called Big
Crunch and time will end with it.
As stated above , time belongs to the physical quantities whose existence man began to rea- Perception
lise first. The first perception of the passage of time relates to the perception of regular alter- of time
nation of day and night. However, the cause of this phenomenon, that is, the rotation of the
Earth around its axis (the gradual illumination of various places on the Earth by sunlight)
was revealed much, much later. The second time interval that people began to realise was
the gradual alternation of the phases of the Moon. Even here the perception of the phases
of the Moon was very much preceded by an understanding of the reasons for their creation.
Very simply, we can conclude that the first units of time that man begins to register are Units
the day and the month. The existence of these units allows to construct long-term time of time
intervals, the most typical being the year. What the length of the year is and how it relates
to the length of the day and month that is the question addressed by the calendar or calen219
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dars. We focus on the issue of calendars in one of the following chapters, where we discuss
the nature of the calendars, their historical development and the way how the creation
of calendars was influenced by gradually improving knowledge of the Universe and the
processes in it, including the suggestions, how to implement these into curricular and extracurricular activities for children aged 7–10 years. If a calendar is a means of recording
longer time intervals, it is evident that in the process of human civilization development, people are beginning to be interested in determining time intervals shorter than
one day with an increasing need for accuracy. In both fields of time intervals measurements, the basic standard is the nature, most often in the form of astronomical processes
which determine the measurement of time and confirm (or disprove) the correctness of
the measurement methods. As the knowledge of astronomical processes progresses, the
accuracy of the verification of time measurement methods improves.
Measuring
the time

When measuring time and transforming it into teaching methods, it is important to distinguish two basic types of measurements. One is the measurement of „What the time is“,
where we are accustomed to using all sorts of clocks or watches, in the past the most commonly used were different types of sundials. The second is the measurement of the length
of the time interval, i.e., measuring „How long the phenomenon lasted“. We can also use
clocks or watches, record the beginning and end of the phenomenon and determine the duration of the phenomenon from the difference of these values, but very often in these cases
special timekeeping devices are used, such as the stopwatch, earlier for example, the hourglass, water, candle or other clocks. To transform the process of measuring time, it is very
useful to remind historical time gauges, as mentioned in the previous paragraph, but it is necessary to know the system limitations of individual gauges or methods of measuring time.

Year and month

From an astronomical point of view, the basic standard is one year, which is given by the
revolution of the Earth around the Sun. Astronomers distinguish several definitions of
the year associated with different reference systems. Out of these, the most important are
tropical year (used most often in everyday life and linked to the calendar), Sidereal year
and anomalistic year.
• A tropical year year is defined as the time between two successive passages of the
Sun through the vernal point (the vernal point is the intersection of the ecliptic, that
is, the imaginary trajectory of the Sun in the celestial sphere, when it crosses the
celestial equator, in which the Sun is located at the beginning of spring). It equals
365.242 192 129 days (365 d 5 h 48 min 45 s). It is a period when the seasons change
in the temperate zones.
• A sidereal year is the time taken by the Earth to orbit the Sun once with respect to
the fixed stars. It equals 365.256 363 051 days (365 d 6 h 9 min 9 s).
• The anomalistic year is the time between two passages of Earth through perihelion (the point where the Earth is closest to the Sun). It equals 365.259 635 864 days
(365 d 6 h 13 min 53 s).
Similarly, a month can be also defined differently. . For calendar purposes, a synodic
month is used, describing changes to the shape of the lunar disc from the observer‘s perspective from the Earth. Its length is 29.530, 588 853 days. The sidereal month is the
period of revolution related to distant stars with a length of 27.321 661 547 days. The
tropical month is related to the vernal point and equals 27.321 582 241 days, the anomalistic month is the period between two passages of Earth through perigee with a length
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of 27.554 549 878 days and the draconic month is related to the output node of the lunar
orbit (this is the intersection of the trajectory of the centre of the lunar disc in celestial
sphere with a celestial equator, in which the moon disc gets north (that is, „above“) from
the celestial equator, and its length is 27.212 220 817 days.
In terms of measuring time as a topic for school or extracurricular education, shorter time
units are more important. The basic unit of time is the second, which is defined as the
duration of 9 192 631 770 periods of radiation, which corresponds to the transition between two layers of the very fine structure of the basic state of the atom 133Cs. Other units
are units derived from the Sexagesimalsystem: Minute (1 min = 60 s), hour (1 h = 60 min
= 3 600 s) and day (1 d = 24 h).
As mentioned above , the basic gauge of time in the sense of „what the time is“ are the sun- Sundials
dials. Although there are more types of sundials, most often sundials show time in the way
that the shadow thrown by the rod hits the dial with the sundial scale. The rod is referred
to by its position relative to the dial as a gnomon (the rod is perpendicular to the plane of the
dial) or as a style (the rod has a shift parallel to the Earth‘s rotary axis). The time measured by
the sundial is derived from the movement of the solar disc through the sky. We refer to this
time as a true solar time, and it is a time that is close to the one we have on clocks or watches
however it is still different. There are three main causes of the differences:
• In civil life, we use mean solar time, that is, a time that, unlike true solar time,
runs evenly. The uneven flow of true solar time is because the tilt of the Earth’s axis
towards the ecliptic (the plane of revolution of the Earth around the Sun) is 66.5 °,
and the Earth‘s orbit around the Sun is an ellipse, not a circle. This makes true solar
days different in length: the shortest true solar day is at the turn of June and July, when
the Earth crosses the farthest point of its trajectory, the aphelion. On the contrary, the
longest true solar day is at the turn of December and January, when the Earth passes
the nearest point of its trajectory, the perihelion. Mean solar time is „averaged“ solar
time, whose all days are the same length. The difference between true and mean solar
time is changing over the course of the year, with the biggest differences in mid-February and early November, by approximately 15 minutes.
• In civil life, we use zonetime, which is in the case of the Czech and Slovak republics and in the case of the Federal Republic of Germany mean solar time equivalent to the 15th meridian of eastern longitude In places that are west of this
meridian, the value of true solar time is less, by 4 minutes to each degree of longitude. Similarly, in places east of the 15th meridian true solar time is greater (again by
4 minutes for each degree of longitude).
• In civil life, we use summer time (Daylight saving time) which is an hour ahead
of the Central European Time, from the end of March to the end of October.
We have to take these differences into account when constructing the sundial. On the other
hand, the awareness of these fundamental differences between true and mean solar time
makes it possible to explain these natural phenomena and their consequences in more detail.
The simplest way is to „compensate“ the third stated difference (Daylight saving time): The
scale can be supplemented with one more graduated scale with daylight saving time values.
The second difference between mean and true solar time (latitude) is a constant shift of the
scale. However, it is possible to compensate for the first difference, the gradual change of the
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differences between true and mean solar time caused by the tilt of the Earth’s axis and the
elliptic trajectory of the Earth. In that case, the time indicator on the sundial’s scale will not
be the line segment, but of the analemma curves. Such sundials can actually be seen in some
places, but their construction is much more demanding and unsuitable for school purposes.
Some sundials may contain a spherical end, called a nodus at the end of the rod. Usually,
such sundials have, in addition to the scale, other curves on the watch face that show the
length of the shade on various important days of the year, for example, on the days of
Equinox and Solstice (on the day of the Solstice the shadow of the node falls exactly on
the solstice curve etc.). Then the sundials, in addition to the time telling, may be roughly
showing, „which month of the year it is“. It can be acknowledged that this term is quite
inaccurate and ambiguous for most months (only a pair of the respective months of the
year may be determined from the length of the shade).
Measurement
of the duration

Instruments to measure the duration of „how long the phenomenon lasted“ are also very
appropriate for the school demonstration. It is possible to use both original measuring
instruments, but pupils themselves make devices that are even more suitable. The most
suitable for such production are hourglass and water clocks (of course, candle clocks are
easily feasible, but in the conditions of pupils under 10 years of age, especially in larger
groups there is a high risk of damage or injury.

Hourglass

For hourglass, it is important to use the most regular particles of sand. The best in this sense is river sand exposed to the long-term action of water, where the individual particles are
abraded and acquire a regular, almost spherical shape by the action of water erosion and
interaction with other particles. Before use, it is advisable to sieve still the sand through
the strainer to eliminate the presence of larger grains of sand. Despite all the thoroughness
of the preparation of the hourglass, it is necessary to expect that the time of trickling of
sand from one part to another, and back, will not be the same. This is a typical feature of
any physical phenomenon or process and is manifested by the fact that in different measurements we obtain different results. The demonstration of this phenomenon is a secondary but no less significant result of the work.

Water
clocks

For water clocks made from a PET bottle with a hole in the lower part, it is possible to
measure the time of liquid discharge from the bottle after opening the lid. Additionally,
the bottle can be graduated, for example by means of a felt-tip pen, which allows to measure even smaller lengths of time intervals. It turns out that the scale is not even because
the rate of discharge of the liquid decreases with decreasing water level in the vessel. The
discharge also affects the size of the upper opening of the bottle, so it is possible to show
a change in the time of water discharge from the bottle, for example, after partial loosening of the cap, or when closing the bottle with a lid of a suitably large hole. When working with water clocks, it is necessary to count with an increased disorder and the need of
greater intensity of the teacher’s attention.

2.2 Phases of the Moon
Moon phases are an astronomical phenomenon, which, depending on the relative position of the Sun, Earth and Moon, allows observers from the Earth to observe the differently illuminated part of the Moon‘s surface. This is a periodically cyclical phenomenon caused by a combination of two astronomical phenomena: the revolution of the Earth
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around the Sun, and the revolution of the Moon around the Earth, whose period is given
by the synodic month with the exact value of 29.530 588 853 days (i.e. 29 d 12 h 44 min
2.9 s). The name of the synodic month is derived from the Greek word synodos (σύνοδος),
meaning regular meetings, in the original definition regular meetings of bishops in order
to discuss ecclesiastical matters.
The most significant phases of the Moon divide the entire period into four equal parts. Phases
These parts are defined by the basic phases of the Moon, which for historical reasons bear of the Moon
the names New moon, First quarter, Full moon and Last quarter.
• A New moon is the stage when the lunar disk is over-lit by sunlight because both disks are very close to each other in the sky, practically in one place (exactly: they have
the same ecliptic longitude). The lunar disk in the New moon is not observable in the
sky, and because it is located practically in the same place of the sky as the solar disk,
it is clear that it is in the sky at the same time as the Sun, that is, in the daytime.
• On the other hand, the Full moon, when the lunar disk is visible in the shape of the
whole illuminated circle, means that the Sun and the Moon are located in a position
where they are on the opposite side of the Earth in the solar system, and that we see
the whole hemisphere of the Moon illuminated, is determined by the fact that we are
looking at the Moon from the same direction from which the Moon is illuminated
by the Sun. From the above stated, it is also apparent that the lunar disk is in the sky
at the time when the Sun is not, that is, the Full moon shines throughout the night.
• The period between the New and the Full moon is divided in the middle, on
one side by the First quarter, on the other side by the Last quarter. Both phases are
changed by the shape of the illuminated part of the Moon, when at the First quarter
it has the shape of a semicircle resembling a capital letter D, in the Last quarter it
has the shape of the opposite semicircle (the arch takes the form of a capital letter
C). In the solar system, in both of these cases,the line connecting the Earth and the
Moon forms the right angle with the line connecting the Earth and the Moon with
the Sun. In the case of the First quarter, i.e. the lit part of the D-shaped disk, the
Moon already rises around noon (although it is not very visible in the sky) and it sets
around midnight, it is therefore visible in the evening sky. On the contrary, at the
Last quarter, the Moon rises around midnight and sets around noon, so most clearly it is visible before dawn. Mnemonics are used in the Czech Republic, Slovakia
and Germany to distinguish the First and Last quarters. In the Czech Republic and
Slovakia, the mnemonic is derived from the capital letters D and C (i.e. dorůstá X
couvá in Czech, or dorastá X cúva in Slovakian), in German it is derived from small
typewritten letters in the Schwabacher (zunehmen X abnehmen). A similar rule in
French is derived from small print letters (première X dernière).
However, the indicated shapes for the Moon phases are typical of the northern latitudes
only. In the southern hemisphere, the lunar disk moves in the opposite direction, both the
New and the Full moon look the same as in the northern latitudes, but the shape of the
First and Last quarters is the opposite: the First quarter has an arch of the illuminated part
of the Moon in the shape of a capital letter C, the Last quarter corresponds to the shape of
the capital letter D. Even more complex is the situation in equatorial regions. Also here the
New and Full moon look the same as in other places of the Earth, but the First and Last
quarters look quite different than in the northern and southern geographical regions. The
Moon at the First quarter rises (let´s remind around noon) in the form of a „tunnel“, that
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is, with an arch in the shape of a capital letter of the Greek alphabet Omega Ω. However, it
sets (around midnight) with an arch in the shape of a capital letter U. This is because when
passing through the highest point of its path in the sky, the observer must turn. At the Last
quarter the lunar disk rises (around midnight) with an arch in the shape of a capital letter
U and it sets with an arch in the shape of a capital letter Ω.
Other phases of
the Moon

In addition to the synodic month, we can define other times related to the revolution of the
Moon around the Earth. The most famous of these are the sidereal, tropical, anomalistic
and draconic months. The sidereal month is the period of revolution related to distant stars
with a length of 27.321 661 547 days. The tropical month is related to the vernal point and
equals 27.321 582 241 days, the anomalistic month is the period of revolution of the Moon
at the perigee with a length of 27.554 549 878 days and the draconic month is related to the
output node of the lunar track (this is the intersection of the trajectory of the centre of the
lunar disc in celestial sphere with a celestial equator, in which the lunar disk gets north (that
is, „above“) from the celestial equator, and its length is 27.212 220 817 days.
The phases of the Moon are a phenomenon that is very evident for every observer on Earth.
They therefore became an observed phenomenon even in prehistoric times and the basis of
the first type of calendar – lunar calendar, as described in the following chapter. The period
of the Moon phases, the synodic month, as mentioned above, became the first longer-term
measure of time, the predecessor of today‘s month. A quarter of the month, the time between the most important four phases of the Moon, that is, between the New moon and the First
quarter, the First quarter and the Full moon, the Full moon and the Last quarter, and the Last
quarter and the New one, became the basis of the unit for time, the week.

Synchronous
rotation
of the Moon

With the revolution of the Moon around the Earth, there are other phenomena that pupils
can follow and understand themselves. It is a synchronous rotationof the Moon, which is
a phenomenon typical of other bodies in the solar system as well. The synchronous rotationof the Moon means that the same hemisphere constantly faces the Earth, i.e. its revolving
time and rotation time is identical. The synchronous rotation is caused by the tidal force
between the two bodies, when the revolving time and the rotation time of the Moon are
gradually synchronised (in the case of Pluto – Charon, there is even super-synchronous
rotation, that is, rotation, when each of the revolving bodies keeps the same hemisphere
towards the other). The second phenomenon, which is closely related to the synchronous
rotation, is the libration of the Moon. Libration is the wagging of the Moon around several
axes, allowing the observer on the surface of the Earth to see a little more than a half of the
Moon’s surface, as described above for the phenomenon of synchronous rotation. There
are more causes of the Moon’s libration; one of them is, for example, the Moon revolving
around the Earth in the ellipse and a regular rotation of the Moon around its axis.

Phases of
the Moon
and primary
education

Because the phases of the Moon are easily observable, their inclusion in the curriculum is already appropriate at a younger school age, albeit of course with regard to mental capabilities
of the pupils. In fact, many calendars have pictures of the phases of the Moon. It is possible
to use these images and to bring the activities related to the Moon phases closer to pupils.
There are two goals of the inclusion of the phases of the Moon in the curriculum for pupils
of the younger school age: first, it is a familiarisation with the various phases, including the
rule for the recognition of the first and last parts, and second, the understanding of why the
phases of the Moon arise. The complete understanding of the fact that changing of the shape
of a lit part of a lunar disk in the sky depends on the relative position of the Earth, the Sun
and the Moon is, however, rather inaccessible to most children of the younger school age
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due to their mental immaturity. „The transformation of the observer‘s location“ between
the position of the Earth-bound observer and the position“ high above“ the Northern Pole,
which is necessary for understanding, is too complex thinking operation to be managed by
all the children of that age. Therefore, for understanding of the basic issues of the Moon
phases, we recommend three activities: familiarization with the calendar symbols of the
Moon phases in one of the table or wall calendars, modelling the Moon phases using an
illuminated orange or a manufactured Moon model, and the model of the Moon revolution around the Earth with simultaneous showing of the Moon‘s synchronous rotation.

2.3 A calendar
The question of creating a calendar relates to the longer-term units of time and the search for
their relationships and relations. The basic factors for creating the calendar are the mean
solar day (24 h), the synodic month, describing the changes of the shape of the lunar
disk from the Earth-bound observer’s point of view. Its length is 29.530 588 853 days, the
synodic month is described in more detail in the previous chapter. The third basic unit of
time for calendar needs is the tropical year defined as the time between two passages of
the Sun through the vernal point (the vernal point is the intersection of the ecliptic, that is,
the imaginary trajectory of the Sun in the celestial sphere, with the celestial equator, in which
the Sun is at the beginning of spring). It equals 365.242 192 129 days (365 d 5 h 48 min 45 s).
The seasons change in the temperate geographical zones in a period.
The three basic time units mentioned above correspond to the most important astronomical
periods affecting people‘s lives. One day is the time of Earth‘s revolution in relation to the Sun
(to be precise we should use a true solar day here instead of a medium solar day but from
a practical point of view it would not be very useful as it is described in more detail in chapter
6.3.1), the synodic month is a period of Moon phases (described in detail in section 6.3.2) and
the tropical year is a period in which the seasons change in the temperate geographical zones.
All specified time periods are the content of the curriculum for children of younger school age.
People have been engaged in the issue of calendar creation since antiquity. Because the times Making
mentioned above are not commensurable numbers, any calendar is filled with recalculations of the calendar
that bring a lot of irregularities to the issue of the calendar, and hence the complications of its
use by the general public. Moreover, everything is even more complicated due to the long-term
changes of the mean solar day, the synodic month and the tropical year, i.e. the basic time scales
for the calendar. These long-term changes are related to the astronomical character of all these
quantities, and although the long-term changes are small, they cannot be neglected in the long
term. Moreover, these changes are not regular and thus they are not predictable.
It would seem, for example, that the synodic month with the duration of 29.530 588 853
days can be replaced without much difficulty in the calendar with alternating „large“ and
„small“ months with lengths of 30 and 29 days. However, the calendar designed this way
would have to be adjusted after less than three years as the difference between the reality
and the calendar, for example between the true and calendar new moon, would grow by
1 day in just 33 months. Similarly, for the length of the tropical year of 365.242 192 129
days with the choice of 360 days in a calendar year, the calendar deviates by 5 or 6 days,
and its length has to be adjusted. This way it worked in ancient Egypt, for example, where
every 360-day year was supplemented by 5 or 6 additional days of holidays and feasts according to the calculations of priests. When choosing a calendar year of 365 days, it will
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deviate from the real length in 4 years and with the choice of 365.25 (every fourth year
is leap with 366 days) in 128 years. In these cases, we keep comparing only one time unit
with the length of the day, i.e. the length of the month or year. Given the fact that we are looking for a connection between the three quantities at the same time, the whole situation
is much, much more complex. From the above stated, it is therefore clear that the simpler
the calendar we choose, the sooner we will need to modify it, so that it does not differ from
the real lengths of astronomical periods of the day length, the period of Moon phases,
or the period of alternating seasons. Conversely, the more complicated the calendar we
choose, the later we will need to modify it to match it with the real astronomical periods.
Types
of calendar

As mentioned above , it is difficult to set basic parameters in calendar creation so that the
calendar is not only simple and understandable for the wide folk classes that will use it,
but also for the conversion of the base time units typical for the calendar stable in the long
term with regard to the astronomical basis that these units are based on.
Three basic types of calendars are based on that:
• The lunar or monthly calendar derives from the idea that the most important of the
long-term time units is the synodic month, representing the period of alternating phases of the Moon. The significance of the phases of the Moon for the longer-term perception of time was typical of ancient civilizations, especially for people living around
the equator where the Moon’s cycle was more important than the solar cycle lasting
one year, which is not as significant in these areas because the seasons do not change
here. All months in the lunar calendar begin with the same phase of the Moon, usually with New Moon. In the lunar calendar the months alternate after 29 and 30 days;
the length of the year is then 354 days and is not bound to the period of alternating
seasons. Because alternating months after 29 and 30 days deviates from the real length
of the month, a leap month is entered in the calendar after about 3 years (irregularly)
and the year has then 355 days. Currently, the most significant of the lunar calendars
is the Islamic calendar which has been counted since the beginning of the journey of
the Prophet Mohammed from Mecca to Medina (in the Gregorian calendar it corresponds to the date of July 14, 622). It is called AH (from the Latin Anno Hegirae: „in
the year of the Hijra“), now from 3. 10. 2016 to 21. 9. 2017 it is the year 1438 AH.
• Solar calendar is based on the notion that the base calendar unit is not a month, but
a year, the tropical year, related to the passage of the Sun through the vernal point. The
length of the month is irrelevant from the solar calendar’s point of view, so the lengths
of the months are not bound to the synodic month but divide the year only into smaller
portions. As this calendar is used in our countries, it will be given exclusive attention
with the regard to its use in formal and informal education of children of younger
school age. It is called AD (from Latin Anno Domini: „The Years of the Lord“), it has
been counted since the birth of Christ (precisely from his circumcising, because the birth
would correspond to the 25th of December), but the identification of the beginning of
the era with the birth of Christ failed to be executed properly, and so today we know,
from historical data, that if Christ was a real figure, he was born a few years before the
beginning of the calendar. From 1. 1. 2017 to 31. 13. 2017 it is the year 2017 AD.
• The lunisolar calendar considers both basic units of time, the synodic month and
the tropical year, to be significant and tries to maintain the same phase of the Moon
at the beginning of each month, while preserving the length of the year as far as po-
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ssible. This causes disproportionate complexity and complications because the approximate matches with the length of the tropical year are achieved by the inclusion
of leap months (leap months are included seven times in 19 years in a total, which
is a kind of „over period“ during which the whole number of months and years is
achieved; in the nineteenth-year cycle leap years are always years 3, 6, 8, 11, 14, 17,
and 19), and it cannot do without leap days as well. The lunisolar year can thus have
353, 354, 355, 383, 384 or 385 days. Nowadays, the most famous representative of
this type of a calendar is the Jewish calendar. This calendar has been counted since
the biblical creation of the world (in the Gregorian calendar it would correspond to
the date 6. 10. 3761 BC; at 23 h 11 min 20 s), the days start with the set of the solar
disk. It is called AM (from the Latin Anno Mundi: „in the year of the world“), now
from 2. 10. 2016 to 20. 9. 2017 it is the year 5 777 AM.
As mentioned above, a solar calendar is used in Europe. The initial origins of it can be History
sought in the Egyptian solar calendar, which was based on the annual floods of the Nile.
The Roman commander and politician Gaius Julius Caesar noticed the calendar during his
victorious campaign into Egypt, and in comparison to then-used Roman calendar, he rated
it as of much higher quality. Therefore, he commissioned Sosigenes of Alexandria,a Greek
astronomer, with the preparation of the Roman calendar reform and introduced this reform from 1St January 45 BC (at the time, of course, years were counted differently than
today, since the founding of Rome, without the knowledge of the future conversion based
on the birth of Christ). The established calendar already had a length of 365 days and included leap years, even though the leap years were introduced somewhat differently from
Sosigenes’ suggestion. This calendar is called Julian in honour of Caesar. Likewise, the
naming of July in many European countries is remembrance of Caesar (the name of this
month, previously called Quintilis-“fifth“, was approved in honour of Caesar by the Roman
senate). After the modification of the Julian calendar (especially the correct inclusion of
leap years) by Emperor Augustus (his birth name was Gaius Octavius) in the year 8 AD, the
Senate named the month of August after the Emperor (the name of this month, previously
called Sextilis-“sixth“, was approved in honour of Augustus again by the Senate) and at the
same time it was decided that August will be just as “large” month as July i.e. it will have 31
days (the day was already removed from the shortest month, February).
The Julian year has 365.25 days and with the tropical year with the duration of 365.242
192 129 days deviated by one day every 128 years. . Therefore, on 24th February 1582
Pope Gregory XIII instituted the reform of the Julian calendar by papal bull Inter gravissimas. The reform was prepared by an Italian astronomer, physician and philosopher
Aloysius Lilius (Luigi Lilio) at the pope’s impulse. The adjustment lay in the deletion of
10 days and the adjustment of the rule for leap years. According to the new rule, the years
ending in 00 are leap years only if the year designation is divisible by 400. Thus, the year
2000 was leap, while 2 100, 2 200, and 2 300 will not be. The reform, named after the
pope, is called Gregorian and has been implemented in different countries gradually,
in some countries as late as in the last century. However, this calendar is currently valid
in the vast majority of countries that use the solar calendar.
For activities related to the Gregorian calendar based on the length of the tropical year, it is
possible to implement, for example, the following three activities for children of younger
school age:

Gregorian
calendar
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• Length of the months: according to the knuckles on the hands, months that are „large“
and „small“ can be named, i.e. which months have 31 days and which fewer. As mentioned above, for the fact that July and August follow consecutively after each other and
both have 31 days, the Roman senate’s decision from over 2 000 years ago is responsible.
• Beginnings and lengths of the seasons: : The beginnings of the seasons are determined by the astronomical position of the solar disk in the sky. Spring begins when
the solar disk passes through the vernal point. After passing an angle of 90°, the
summer begins, after another 90° (when passing through the autumnal point), the
autumn begins and after another 90°, the winter begins. Typically, the dates of the
seasons’ beginnings are 21st March, 21st June, 23rd September and 21st December.
However, in the view of the complexity of the current (Gregorian) calendar, the beginnings of the seasons are not firmly fixed. Since the year 2 000 was a leap year, the
beginnings of the seasons in this century are a little sooner, its influence also has the
fact whether the given year is leap, the first year after the leap year, the second after
the leap year, or the third after the leap year. The most common beginning of spring
will be the 20th March in the next few years and similarly the other seasons will start
earlier. The exact dates of the seasons can be found on the Internet or, for example,
in the Astronomic almanac. In addition to finding these dates, pupils that are more
talented can try to calculate the length of each season. They will surprisingly find
that the longest is summer (almost 94 days), then spring (93 days), autumn (almost
90 days) and the shortest is winter (89 days). The values for each year may vary by 1
day. The fact that the lengths of the seasons are different is due to the elliptical rotation of the Earth round the Sun. It is true, of course that the seasons in the southern
hemisphere are opposite to the northern hemisphere ones.
• Simulation of the Earth‘s revolution around the Sun: on the pitch you can model
the Earth’s revolution around the Sun (it can also be accompanied by the Moon),
either by the movement of one (or two) children, or by the movement of a child
with a globe as a model of the Earth. When moving with the globe, it is important
to maintain the direction of the Earth’s axis in space; the Earth’s axis does not bend
during the Earth‘s revolution!

2.4 Cardinal directions
In the countryside or on the map we orientate with the help of the cardinal directions.
The main cardinal directions are four basic directions (north, south, west, and east) that
coincide with the direction of parallels and meridians. The meridian is an imaginary
line that connects the North and South poles by the shortest route. The length of all meridians is the same and from the pole to the pole is 20 000 km long. The time difference between each meridian is 4 minutes, one hour between 15 meridians. On Earth, a meridian
passing through the Astronomical observatory in Greenwich, England was selected as the
Prime meridian. A circle of latitude is a circle on the surface of the Earth (sphere) with
the same latitude. Circles of latitude are shortened from the Equator (longest one) towards
the poles (point). Circle of latitude are usually referred to their latitude and hemisphere
they are located on. Some significant circles of latitude have their own names, the North
Pole (90° N), Arctic Circle (66° 33‘ N), the Tropic of Cancer (23° 27‘ N), the Equator
(0° latitude), the Tropic of Capricorn (23° 27‘ S), the Antarctic Circle (66° 33‘ S) and the
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South Pole (90° S). Only between the Tropical Circles the Sun reaches, at least once, the
zenith during the year. Only north of the Arctic Circle, or south of the Antarctic Circle, the
Sun does not set at least once during the year (polar day and polar night).
For a more accurate determination of direction, the intercardinal directions are used.
They lie between the cardinal directions – northwest (between west and north), northeast
(between north-east), southeast (between east-south), and southwest (between south and
west).
To determine the cardinal directions, we use a compass or an orienteering compass, Determination
which consist of a compass rose and a magnetic needle that always points to the north. of the cardinal
The cardinal directions are marked with the initials of their English name on the compass directions
rose. N – North, S – South, W – West and E – East. To make it easier to remember, it is
possible to use a mnemonic tool with the English word „NEWS“. Beware of the treacherousness of the letter S, which in the Czech language indicates the north, but in English it
is the south. If the observer faces the north, the east is on his right, west on the left, and the
south is behind the observer. The map is a reduced and simplified picture of the landscape
from a bird‘s eye view. The orientated map means that the north on the map coincides with
the north in reality. On the map or plan, the north is always at the top (unless the compass
rose marks another orientation).

2.5 Orientation in the countryside
In the countryside, you can orientate by using a map, a compass or azimuth. . If we do
not have any instruments available, we need to help ourselves with various natural phenomena. There are many ways how to orientate in this situation. We should always know
or have at least a basic idea of where we are, which direction the destination of our journey
is, and which directions other important places in the vicinity are. To do this, you need
to study the route and its surroundings on the map, have a map with you and if possible
remember it (in case we lose it), know how to determine the location on the map and
orientate the map. The basis is to constantly notice where we go, and to know where the
route on the map and our current position are, it is also important to have an idea of the
cardinal directions all the way and whenever to be able to determine them as accurately as
possible. Knowing the time will make it easier for us to orientate in the open countryside,
or you need to learn to guess what time it is.
Very roughly, we can orientate according to various natural phenomena. The steepest side Orientation
by natural
of an anthill faces north, gentler the south.
phenomena

Pic 69: Mravenisko
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The annual rings on tree stumps are usually denser on the north side than on the south
side. Lichens on the trunks of lonely trees usually grow on the northwest side.

Pic 70: Letokruhy

Pic 71: Lišajníky na kmeni stromu

The snow melts from the southern slopes. The snow is therefore held for the longest on
the northern slopes during spring melting. Sunflowers follow the Sun, even when the sky
is overcast. The front of beehives is usually turned to the south by beekeepers. Churches
stand with their tower or the main entrance always turned to the west, the altar to the east.
Orientation
by the Sun

In the morning the Sun rises in the east, at noon it is above the south and in the evening it sets in the west. In the case of the sunrise and sunset, this is a rough estimation of
the direction, which is accurate only on the day of equinox, when the day is as long as the
night. The cardinal directions can also be determined by the shadow, if at noon (the Sun
is the highest above the horizon and at the same time above the south) we stand back to
the Sun, our shadow is oriented to north.
If we want to be sure of the determination of the cardinal directions, it suffices to find
a short stick that we poke into the ground. We mark the place where its shadow ends with
a pebble. We wait until the shadow moves about a distance of one step, and again we mark
the top of the shadow with another pebble. If we stand by the pebbles with our back turned
at the stick, it should be right in front of us to the north, the west is on our left, the east on
the right side, and logically the south behind our back.

Pic 72: Určenie svetových strán 1
(zdroj: http://www.radyprovsechny.cz/jak-urcit-svetove-strany-bez-kompasu/)
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Stick one metre long straight rod vertically into a flat, clear piece of ground. Notice where
its shadow falls, and mark the top of the shadow with a pebble or a stick (1). Wait for at
least 15 minutes and mark the position of the new shadow (2). Connect the points and you
will get the east-west direction, with the first mark (1) facing west. The north-south direction is perpendicular to this line. This method works anywhere during the day if the sun
is shining, and in any latitude. Use the method during the journey as a random check.
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Pic 73: Určenie svetových strán 2

Another, more accurate method, however, only if you have time, requires you to mark
the top of the first shadow in the morning. At this distance, sketch a circular arc, with
one metre long rod being its centre. As the noon approaches, the shadow will shorten
and move. In the afternoon, when the shadow begins to lengthen, mark the exact point
at which the shadow touches the arc. Connect both points and you will get the west-east
direction, with the morning point showing west.

V

J

Z

S

Obrázok 74: Určenie svetových strán 3
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Orientation
by stars

At a cloud free night, we can orientate by the stars. The North Star (aka Polaris) is a star,
which lies nearly in a direct line with the Earth‘s rotational axis and is located directly at 50
degrees above the north horizon (it applies to the geographical coordinates of the Czech
Republic).

Pic 75: Určenie svetových strán podľa Polárky
(zdroj: http://www.radyprovsechny.cz/jak-urcit-svetove-strany-bez-kompasu/)

It is advisable to know some distinctive constellations, e.g. Ursa Major (or a part of it
called Big Dipper – an asterism within Ursa Major), Cassiopeia or Orion. Like the other
stars of the northern sky, they seem to revolve around the Polaris, but the first two constellations are well recognizable and do not almost set completely. You can also use the
apparent movement of other stars to determine your location. Poke 2 sticks of uneven
length into the ground so that you have a spot to watch by them (or use a rifle rear sight
which you place in a stable position). Over these two fixed points, observe a star for about
15 minutes. You can watch any star, except for the Polaris. After this observation, you will
find that the star seems to be moving. From this apparent movement of the star you can
deduce the direction, which you are heading to.
In the Northern hemisphere, the following rules apply: when a star rises, you are looking
straight to the east. When a star is descending, you are looking straight to the west. When
a star moves in an arc way to the right, you are looking south. When the star moves in an arc
way to the left, you are looking north. In the Southern hemisphere, these rules are reversed:
Orientation The Moon moves in the sky, like the Sun, along the southern part of the sky from east
by Moon to west. Unlike the Sun, however, the place and time of its rise and setting are governed by
the phase it is at. Depending on the time and phase of the Moon, you can easily determine
the direction. When daylight saving time applies, time is one hour ahead.
čas
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Pic 76: Orientácia podľa Mesiaca
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At any phase of the Moon, when it is illuminated only partly, it is possible to roughly
determine the southern direction as the intersection of the horizon and the line of the
Moon‘s horns.

Pic 77: Určenie južného smeru podľa Mesiaca

2.6 Models of planets, comets and the Sun
The solar system consists of the Sun, eight planets and a large number of smaller objects (dwarf planets, asteroids, moons, comets, small bodies and dust particles). Theoretically, the ninth planet, located behind the orbit of Neptune, was predicted, but its existence
is not yet proven.Images of the solar system available on the Internet and in the literature
are usually in two different scales (one scale is used for the dimensions of bodies, the other
one for distances from the Sun). The use of two scales gives the impression of the solar system being vastly populated by mass. But it is a much distorted notion. Unfortunately, this
distortion is necessary. If we wanted to draw the solar system completely on one scale so
that the drawing would fit on a sheet of A4 paper (distance the Sun – Neptune 30 cm), the
Sun’s diameter would be about 0.1 mm and the diameter of the Earth would be invisible
of roughly 0.001 mm.
The best way how to create an idea of the real dimensions and distances in the solar
system for pupils is to build a model. The model of the solar system assembled from
fruits, nuts and spices is very illustrative:
If the sun had the dimensions of a giant pumpkin, then the giant planets can be depicted as
a grapefruit, an orange and two small mandarins, we model small planets with the use of
two nuts and two peas. The distances of individual objects in this model are very surprising
for pupils. The distance of the last planet from the Sun would be about 3 km. It is as if we
placed only one giant pumpkin, 4 citruses, 2 nuts and 2 peas in the whole area of the town
of Pardubice.1)

1)

SUKOVÁ, Zuzana: Fyzikální kemp 2014: Vzdálenosti ve vesmíru [online]. Plzeň: ZČU, 2014 [cit. 2017-05-11].
Dostupné z: www.podporatalentu.cz/download.php?fid=9784
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Pic 78: Dimensions of solar system bodies on a scale 2)

In order to activate the motor skills of pupils, planets can be modelled from newspapers and starch. For larger planets and the Sun, we use a wire skeleton. The dimensions
of the bodies and their distance from the Sun are shown in Table 1 below. (The value in
brackets at Saturn is the diameter of its rings.)
Table 1: The real dimensions and distances of the planets and the Sun
Diameter (km)

Distance from
the Sun (km)

Distance from the Sun(au)

the Sun

1 400 000

0

0

Mercury

4 879

58 000 000

0.4

Venus

12 103

108 000 000

0.7

Earth

12 756

150 000 000

1

Mars

6 792

228 000 000

1.5

Jupiter

143 000

778 000 000

5.2

Saturn

120 000 (420 000)

1 427 000 000

9.5

Uranus

51 000

2 870 000 000

19

Neptune

50 000

4 498 000 000

30

Body

2.7 Model of the Sun
In addition to the production of paper Sun on a scale with other planets, we can also
model its surface. In the upper layer of the Sun (convective zone) the transfer of energy
is carried out by flow. This layer acts as water warming up in the pot. Warm water rises
upwards, transfers heat to the surroundings and cooled goes down (Fig. 2).

2)
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Pic 79: Flow Heat Transfer 3)

The surface of the Sun is completely filled with so-called Bénard cells. . In the middle of
these cells, a hot fluid is upwelled from the heated bottom layer, the cooled material on the
sides of the cells then drops down. This phenomenon is also called granulation of the solar
surface. We easily simulate the granulation of the solar surface in a flat container using oil
with added aluminium powder (Fig. 3).

Pic 80: Granulation of the solar surface4)

2.8 Model of a comet
The comets are believed to inhabit in an areafar beyond the orbit of Pluto.Occasionally a comet streaks through the inner solar system. Comets, which return regularly, move
along very eccentric elliptical trajectories. Some comets move along parabolic or hyperbolic
trajectories. Such comets appear only once and then leave the solar system forever.
The comet consists of three parts:
• Nucleus – the solid part of a comet with a diameter between 1 and 100 km,
• Coma – the spherical envelope of gas that surrounds the comet‘s nucleus consists mainly of gases,
• Tail – gas and dust particles from the Sun.

3)
4)

Parts
of the comet

Zdroj: https://en.wikipedia.org/wiki/Rayleigh%E2%80%93B%C3%A9nard_convection
Zdroj: https://www.nelterm.kof.zcu.cz/hydrodynamiika/tepelnakonvekce/tepelnakonvekce.htm
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The nucleus of the comet consists of water ice, solid carbon dioxide, carbon monoxide,
other frozen gases and dust. Coma contains various non-dissociated and dissociated molecules, radicals and ions, e.g. OH‑, NH2‑, CO, CO, NH, CH, CN, (CN) etc. It is said that
cometic material can be made even at home: Take a little water, mix it with toner from
the printer and add some organic substances from your own saliva. Mix this mixture with
solid carbon dioxide (dry ice) and leave it to freeze. 5)
Making
of model
of a comet

However, there is a much more attractive comet model for pupils. You will need whipped
cream, choco-cornflakes, Granko, cocoa Pikao, sugar, a solid plastic bag, gloves, a tea towel and liquid nitrogen. Cream in this case represents water ice; other ingredients represent impurities of different sizes. Using liquid nitrogen, we freeze everything properly and
shape a lump.

2.9 Constellations
A constellation is an area in the sky with precisely defined boundaries; it is a completely random form of stars, which are not physically linked together. It is about naming
of different parts of the night sky for easier orientation and originally mainly for the provision of the calendar. The International Astronomical Union established the constellation
boundaries in 1925. At that time, 88 constellations were established, of which 48 still bears
the name from ancient times and relate to Greek myths.
Constellations
names

The transformation of the supreme god Zeus (the swan as the constellation of the Cygnus,
the eagle as the constellation of the Aquila, the bull as the constellation of the Taurus)
deserves attention. In the sky, there is also the story of Perseus (Perseus with Medusa in
hand, Andromeda, Cepheus, Cassiopeia, the whale as the constellation of the Cetus, Pegasus) or the mythical hunter Orion (Orion, the scorpio as the constellation of the Scorpius,
the Pleiades, the lesser dog as the constellation of the Canis Minor and the greater dog
as the constellation of the Canis Major, the hare as the constellation of the Lepus). We
find Hercules here and images of some of his twelve works (Hydra, the Cancer, the lion
as the constellation of the Leo, the dragon as the constellation of the Draco). The constellations of the Little Bear (the constellation of the Ursa Minor) and the Great Bear (the
constellation of the Ursa Major) have their own story connected to the hunting dogs (the
constellation of the Canes Venatici) and the charioteer (the constellation of the Auriga).
Gemini are the Greek heroes of the Dioscuri, Castor and Pollux, who participated in the
Argonauts expedition (which is depicted mainly by the Argo ship, which the International
Astronomical Union divided into four constellations of the southern sky in the early 20th
century – the compass as the constellation of the Pyxis, sails of a ship as the constellation
of the Vela, keel of a ship as the constellation of the Carina and the poop deck as the constellation of the Puppis.
In the night sky, we can find even minor stories, associated, for example, with the hair of
Queen Berenice of Egypt (the constellation of the Coma Berenices), the northern crown
(the constellation of the Corona Borealis), the raven (the constellation of the Corvus) and
type of cup used to water down wine (the constellation of the Crater), the arrow (the constellation of the Sagitta), the lyre (the constellation of the Lyra), the dolphin (the constellation of the Delphinus), the wolf (the constellation of the Lupus), Eridanus, the altar (the
5)
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constellation of the Ara). In ancient history, Egyptian constellations of the Phoenix and
the crane (the constellation of the Grus), the southern fish (the constellation of the Piscis
Austrinus) and the Southern Crown (the constellation of Corona Australis) were known
from the southern sky.
These constellations are to be found mostly in the northern sky, located in that part of Constellations
the sky, which was visible from 35° northern latitude. Among the constellations named of Zodiac
the earliest belong, undoubtedly, the constellations of the Zodiac. The most important
constellation of the Zodiac for the ancient nations was the constellation of the Taurus.
This constellation was the first spring constellation to be seen at that time. The appearance of the Taurus or its part, the open cluster of the Pleiades, meant the coming of spring.
In the middle of the 18th century the French astronomer Lacaille measured and catalogued the stars of the southern sky. For this reason, he needed to name new constellations,
by doing so he contributed to placement of astronomical and scientific instruments in the
southern sky: the air pump as the constellation of the Antlia, the chisel as the constellation of the Caelum, the compass as the constellation of the Circinus, the furnace as the
constellation of the Fornax, clock with pendulum and seconds hand as the constellation
of the Horologium, the microscope as the constellation of the Microscopium, the normal as the constellation of the Norma, eighth part of a circle as the constellation of the
Octans, the painter as the constellation of the Pictor, the small net as the constellation of
the Reticulum, the table as the constellation of the Mensa and the mariner‘s compass as
the constellation of the Pyxis. Some constellations, e.g. the unicorn as the constellation of
the Monoceros, although modern, are named after the ancient myth in respect of ancient
civilizations.The constellations of the southern sky were established later.

2.10 Proper motion of stars
All stars are indiscriminately involved in the seeming rotation of the celestial sphere.
This is a manifestation of Earth‘s rotation. In addition to this obvious movement, each
star has its own individual motion. It can be detected using precise astronomical instruments. In astronomical catalogues, proper motion is usually determined in another way,
namely by the breakdown of proper motion in the right ascension (the seeming movement of the star across the celestial sphere parallel to the celestial equator) and proper
motion in the declination (the seeming movement of the star across the celestial sphere
in the direction perpendicular to the equator). The movement of the Sun in space is also
included in the proper motion.
If we exclude a component caused by the movement of the Sun (parallactic motion) from
the proper motion, we get the real movement of the star (peculiar motion). Due to the
great distances of the stars (even the „nearby“ ones), their proper motion is very small,
given in angular seconds per year. A measurable change in the position of a star in the
sky can be determined after several decades. The reshaping of the constellation is evident
only after the hundreds of years. Barnard‘s star has the greatest proper motion of 10.36“
per year. In the sky, it shifts in two centuries by a Moon diameter.
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2.11 Orientation in the sky
Constellations also help us with the orientation in the sky. If we live in the northern
hemisphere, we observe northern constellations during the year, while the southern constellations remain largely hidden to us.
The constellations around the celestial pole (the so-called circumpolar constellations, no
star from the constellations does not set bellow the horizon) are visible from the particular place all year round. The visibility radius is the same as the latitude of the observation
point. Of Czech latitudes the Ursa Major, Cassiopeia, Camelopardalis, Cepheus and the
Draco belong to the circumpolar constellations.
We can divide the constellations according to the seasons in which they are observable
in the sky; we often talk about constellations of spring, summer, autumn and winter
skies.
Constellations
and their position

Near the North Pole in the constellation of the Ursa Minor the Polaris shines. The most
famous is the constellation of the Ursa Major, which contains the 7 brightest stars that
form a pattern known as the Big Dipper, which we call asterism. The shaft of the Big Dipper is heading towards the second brightest star of the northern sky – Arcturus in the
constellation of the Boötes. Extending the distance from the rear wheels 5 times it leads
us to the Polaris. Cassiopeia with a shape resembling the letter M or W is a very distinctive constellation. The triangle formed by the bright stars of Regulus in the Leo, Spica
in the Virgo and Arcturus in the Boötes helps us to orientate in the spring sky. These
constellations are distinctive and easy to find. The noticeable summer triangle is made
up of bright stars – Deneb in the Cygnus, Vega in the Lyra and Altair in the Aquila. The
nucleus of the galaxy is hidden above the southern horizon in the Sagittarius. The red and
bright Antares dominates the Scorpius. In the Scutum below the Aquila the thickening of
the Milky Way is noticeable. The autumn sky does not offer any miraculous views in the
evening. The summer constellations set early and only the Pleiades (the Seven Sisters)
in the Taurus impress every observer. The distinctive Cassiopeia dominates the zenith. In
winter, Orion dominates the sky. Bright stars of the winter sky form a kind of hexagonal.
It consists of Betelgeuse with the Rigel in the constellation of the Orion, Aldebaran as the
eye of the bull in the constellation of the Taurus, Capella marks out the Auriga, Castor and
Pollux in the Gemini and Procyon in the Canis Minor. The brightest star of the night sky
– Sirius in the constellation of the Canis Major finishes everything.

2.12 Maps and Constellations
The boundaries between the constellations cannot be observed in the sky, but are plotted
in maps and atlases. The boundaries of the constellations are thus similar to the boundaries between states. If we choose five of our cities and connect them on the map, we get the
shape of the letter „W“. The phrase „This double-u is the Czech Republic“ is meaningless
at first sight and is unlikely to be told about the state. The five points certainly do not
represent the whole Czech Republic. The Czech Republic is formed by a territory where
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there are not only these five cities, but also a lot of other towns and villages. The sentence
must therefore be amended to: „The towns forming this double-u belong to the Czech
Republic.“ The exactly same situation is then valid for the grouping of stars, asterisms and
constellations.

Ústi n/L.
Praha

Ústi n/L.

Ústi n/L.
Hradec
Králová

Praha
Olomouc

Brno

Hradec
Králová

Praha
Olomouc

Brno

Hradec
Králová
Olomouc
Brno

Pic 81: Mapy a souhvězdí
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3. D
 IDACTIC PROCEDURE LEADING
TO DEVELOPMENT OF THE IDEA
3.1 Time measurement (sundials, hourglass)
Task 1: A Sundial
Topic: time
Level: Primary (1.–5. Graders)
Thematic Unit:
Subject: national history and geography
Recommended age of pupils: 6–11 years old or older
Time allocated: 4–5 lessons

List of equipment needed for pairs of pupils:
• A Paper plate
• A Stick
• Letters or a felt-tip pen
Equipment for the teacher: https://www.sikovne-ruce.eu/napady/slunecni-hodiny/
List of practical (research) activities:
Description – a brief summary: The goal of the activity is to get acquainted with different
types of clocks.
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Evaluation of
lessons

Practical (research) activity

Pre-laboratory
preparation

Introduction to
topic - motivation

45 minutes

Making a sundial.

45 minutes

30 minutes or
based on the
distance of
sundials

Dividing pupils into
groups, motivation,
formulation of the target,
assessment, a worksheet.

Summary, advantages
and disadvantages of
sundials, presentations.

2 lessons

Time

Excursion to see sundials
in the vicinity of the
school

Work content

Description – Individual sections of the first lesson

A projector,
a computer.

Notebook
for recording
sundials’
time, a pencil,
a camera.

Notebook
for recording
sundials’ time,
a pencil

Notebook
for recording
sundials’ time,
a pencil

Material and
equipment
needed

Controlled discussion with
pupils.

Pays attention to pupils.

Divides pupils into groups,
motivation, formulates
the target, introduces
the assessment to pupils,
distributes the worksheets,
supervises pupils when
working, and manages the
transfer.

Describes the importance
of sundials. Manages and
assesses pupils’ activities.

Teacher’s activity

Characteristics of sundials
in a season.

They make the sundials.

Transfer to the place of
sundials, complete the
worksheet with tasks,
cooperate within the
group, and ask the teacher
questions.

In the form of a group
work, they make drawings
of sundials.

Pupils’ activity
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Preparation of the teacher:
Description of the activity
1) Preparation of the visit to the places with sundials near school or surrounding villages.
(45 minutes)
Equipment: a notebook, a pencil
The teacher plans a route of excursion around the sundials near the school. He/she
will be acquainted with the basic parts, description, accessibility, characteristics, and
creators of the clock. He/she selects a simple clock to be drawn by pupils. If there are
no sundials near the school, the sundials database can be used (http://www.astrohk.cz/
slunecni_hodiny.html). Pupils will make a drawing of the sundial and write important
information about it. E.g. address, dial range, geographic orientation, graphical form,
curiosities.
2) Pupils make a sundial using paper or prepared material. They complete the worksheet.
(45 minutes)
Equipment: A paper plate, a stick, letters or a felt-tip pen
Pupils make the sundial in groups according to the instructions and complete the
worksheet.
3) Discussion about different types of sundials.
The final lesson is accompanied by a slideshow of the images in the PowerPoint presentation. The presentation contains types of questions such as:
a) When is it not possible to use sundials?
b) Why do sundials show a different time than the radio-controlled clocks?
c) Can we use a sundial at night? If yes, when?
4) Presentation of the photographs showing the construction of the sundials. The presentation is accompanied by a discussion with pupils.

Pic 82: Polos
(zdroj: https://cs.wikipedia.org/wiki/Polos )

242

I – S.K.Y.P.E. Methodical Handbook for Teachers
6. Our solar system is a very small part of one of billions of galaxies in the universe

Task 2: An hourglass
Topic: time
Level: Primary (1.–5. Graders)
Thematic Unit:
Subject: national history and geography
Recommended age of pupils: 6–11 years old or older
Time allocated: 2 lessons

List of equipment needed for pairs of pupils:
• 2 PET 1.5L bottles, 2 lids from a round margarine tubs (Perla, Rama), sand, a strainer,
a drill or a hole punch, a glue gun or Pattex glue
Equipment for the teacher:
http://www.fyzikahrou.cz/fyzika/hracky-a-modely/merici-pristroje

List of practical (research) activities:
Description – a brief summary:
The aim of the activity is to get acquainted with different types of clocks.
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Dividing pupils into
groups, motivation,
formulation of the target,
assessment, a worksheet.

Creation of an hourglass.

Summary, advantages
and disadvantages of
hourglass.

Pre-laboratory
preparation

Practical
(research)
activity

Evaluation
wof lessons
5 minutes

30 minutes

10 minutes

2 lessons

Time

2 PET 1.5L bottles,2 lids from
a round margarine tubs (Perla,
Rama), sand, a strainer, a drill or
a hole punch, a glue gun or Pattex
glue

2 PET 1.5L bottles,2 lids from
a round margarine tubs (Perla,
Rama), sand, a strainer, a drill or
a hole punch, a glue gun or Pattex
glue

2 PET 1.5L bottles,2 lids from
a round margarine tubs (Perla,
Rama), sand, a strainer, a drill or
a hole punch, a glue gun or Pattex
glue

Material and equipment needed

Controlled
discussion with
pupils.

Pays attention
to pupils, makes
a hole into the
lids.

Divides pupils
into groups,
motivation,
formulates the
target, introduces
the assessment to
pupils, distributes
the worksheets,
and supervises
pupils when
working.

Describes the
importance
of hourglass.
Manages and
assesses pupils’
activities.

Teacher’s activity

They ask the
teacher questions.

They make an
hourglass.

They complete the
worksheet with
tasks, cooperate
within the group,
and ask the
teacher questions.

In the form of
a group work,
they make an
hourglass.

Pupils’ activity

Description of the activity: http://www.fyzikahrou.cz/fyzika/hracky-a-modely/merici-pristroje; http://decko.ceskatelevize.cz/u6/43-dil

Preparation of the teacher:

Making an hourglass.

Introduction to
topic - motivation

Work content

Description – Individual sections of the first lesson
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Task 3: A water clock
Topic: time
Level: Primary (1.–5. Graders)
Thematic Unit:
Subject: national history and geography
Recommended age of pupils: 6–11 years old or older
Time allocated: 2 lessons

List of equipment needed for pairs of pupils:
• A PET bottle, a thin tube, a dropper, a nail, a burner or a gas stove, a bowl, a felt-tip pen
Equipment for the teacher:
http://www.fyzikahrou.cz/fyzika/hracky-a-modely/merici-pristroje

List of practical (research) activities:
Description – a brief summary:
The aim of the activity is to get acquainted with different types of clocks.
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Creation of a water clock. 30 minutes

Summary, advantages
and disadvantages of
water clocks.

Practical
(research)
activity

Evaluation
of lessons
5 minutes

10 minutes

Dividing pupils into
groups, motivation,
formulation of the target,
assessment, a worksheet.

Pre-laboratory
preparation

2lessons

Making a water clock.

Time

Introduction
to topic –
motivation

Work content

Description – Individual sections of the first lesson

A PET bottle, a thin tube,
a dropper, a nail, a burner or a gas
stove, a bowl, a felt-tip pen

A PET bottle, a thin tube,
a dropper, a nail, a burner or a gas
stove, a bowl, a felt-tip pen

A PET bottle, a thin tube,
a dropper, a nail, a burner or a gas
stove, a bowl, a felt-tip pen

Material and equipment needed

They complete the
worksheet with
tasks, cooperate
within the group,
and ask the
teacher questions.

In the form of
a group work,
they make a water
clock.

Pupils’ activity

Controlled
discussion with
pupils.

They ask the
teacher questions.

Pays attention
They make
to pupils, makes
a water clock.
a hole into the
lids and bottom of
the bottles.

Divides pupils
into groups,
motivation,
formulates the
target, introduces
the assessment to
pupils, distributes
the worksheets,
and supervises
pupils when
working.

Describes the
importance of
water clocks.
Manages and
assesses pupils’
activities.

Teacher’s activity
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Preparation of the teacher:
Description of the activity: http://www.fyzikahrou.cz/fyzika/hracky-a-modely/mericipristroje
Questions:
1) What will the speed of water drip depend on?
2) Pour water into the bottle and estimate the time of water dripping.
3) Using a stopwatch, measure the water dripping.
4) Where can you use a water clock?
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3.2 Phases of the Moon
Task 1: Phases of the Moon
Topic: time
Level: Primary (1.–5. Graders)
Thematic Unit:
Subject: national history and geography
Recommended age of pupils: 6–11 years old or older
Time allocated: 1 lesson

List of equipment needed for pairs of pupils:
Worksheet, a pencil, an orange (a model of the Moon), a calendar, a light source

Description – a brief summary:
The goal of the activity is to get acquainted with the phases of the moon.
Description – individual sections of the first lesson
Work content
Introduction
to topic –
motivation

Time

Material
and equipment
needed

Introduction to
5 minutes Worksheet, pencil.
the Moon phases.

Teacher’s activity

Pupils’ activity

The teacher tells pupils Pupils divide
the procedure of
themselves in
completing the tasks.
pairs, read the
worksheet, and
ask potential
questions.

Pre-laboratory Dividing pupils
preparation
into groups,
motivation,
formulation
of the goal,
evaluation,
a worksheet.

5 minutes Worksheet,
a pencil, an orange
(a model of the
Moon), a calendar,
a light source.

The teacher divides
pupils in groups,
motivation, formulates
the goal, explains the
assessment criteria
to pupils, distributes
the worksheets, and
supervises pupils when
working.

Evaluation of
lessons

Completing
the tasks in the
worksheet.

30
minutes

The teacher supervises
pupils while working.

Practical
(research)
activity

Comparing the
testing methods
of each group
– a discussion
between pupils
and the teacher.

5 minutes

The teacher evaluates
Pupils evaluate
pupils’ work in groups. themselves and
each other.
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3.3 A calendar
Task 1: A calendar
Topic: time
Level: Primary (1.–5. Graders)
Subject: national history and geography
Recommended age of pupils: 6–11 years old or older
Time allocated: 1 lesson

List of equipment needed for pairs of pupils:
A worksheet, a pencil, a calendar

Description – a brief summary:
The goal of the activity is to get acquainted with the calendar.
Description – individual sections of the lessons
Work content
Introduction
to topic –
motivation

Familiarization
with the
calendar.

Time

Material
and equipment
needed

Teacher’s activity

5 minutes A worksheet,
The teacher tells
a pencil, a calendar. pupils the procedure
of completion the
tasks.

Pupils’ activity
Pupils divide
themselves into
pairs, they read
the worksheet,
ask potential
questions.

Pre-laboratory Dividing pupils
preparation
into groups,
motivation,
formulation
of the target,
assessment,
a worksheet.

5 minutes A worksheet,
Divides pupils into
a pencil, a calendar. groups, motivation,
formulates the
target, introduces
the assessment
criteria to pupils,
distributes the
worksheets, and
supervises pupils
when working.

Practical
(research)
activity

Completing
the tasks in the
worksheet.

30
minutes

The teacher
supervises pupils
when working.

Pupils complete
the worksheet.

Evaluation
of lessons

Comparing the
testing methods
of each group
– a discussion
between pupils
and the teacher.

5 minutes

The teacher
evaluates pupils’
work within the
groups.

Pupils evaluate
themselves and
each other.
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3.4 Orientation in the countryside
Task 1:Determination of the cardinal directions in the open countryside
Level: Primary (1.–5. Graders)
Subject: national history and geography
Recommended age of pupils: 6–11 years old or older
Time allocated: 1–2 lessons

List of equipment needed for pairs of pupils:
• A stick (roughly one meter long)
• Two pebbles
• the Sun

Description – a brief summary:
The goal of the activity is to get acquainted with the possibilities of determining the cardinal directions in the open countryside without a compass or an orienteering compass.
Description – individual sections of the lessons
Work content

Time

Material and
equipment
needed

Introduction
to topic –
motivation

What are
the cardinal
directions?

10 minutes

A notebook
for recording
the findings,
a pencil

Pre-laboratory
preparation

Dividing pupils
into groups,
motivation,
formulation
of the target,
assessment,
a worksheet.

A notebook
for recording
the findings,
a pencil

Practical
(research)
activity

Finding of
the cardinal
directions

10 minutes
or based on
the distance
of the
location for
determining
the cardinal
directions
in the open
countryside
20 minutes
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A notebook
for recording
the findings,
a pencil

Teacher’s activity

Pupils’ activity

Explains the
importance of the
cardinal directions
determination in the
open countryside.
He/she manages and
assesses pupils’ activity.
Divides pupils into
groups, motivation,
formulates the
target, introduces the
assessment criteria to
pupils, distributes the
worksheets, supervises
pupils when working,
and manages the
transfer.
Pays attention to pupils.

In the form of
a group work,
pupils estimate the
cardinal directions.

Transfer to the
location in the
open countryside,
pupils complete
the worksheet with
tasks, cooperate
within the group,
and ask the teacher
questions.
Pupils are finding
the cardinal
directions.
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Work content
Evaluation
of lessons

Time

Summary,
5 minutes
advantages and
disadvantages
of determining
the cardinal
directions,
presentations.

Material and
equipment
needed
none

Teacher’s activity
Controlled discussion
with pupils.

Pupils’ activity
Disadvantages of
determining the
cardinal directions
without any
instruments.

Preparation of the teacher:
Description of the activity
1) Brief information on the cardinal directions. (10 minutes)
Equipment: notebook, a pencil
The teacher informs pupils about the cardinal directions.
2) Transfer to the location in the open countryside where they will determine the cardinal
directions. (10 minutes)
Equipment: a stick (1 m long)
2 pebbles
On the location, pupils will guess where the cardinal directions will be.
3) Finding of the cardinal directions. (20 minutes)
Pupils, working in groups, stick one metre long straight rod vertically into a flat, clear
piece of ground. Notice where its shadow falls, and mark the top of the shadow with
a pebble or a stick. Wait for at least 15 minutes and mark the position of the new shadow. They connect the points and by doing so, they get the east-west direction, with
the first mark facing west. The north-south direction is perpendicular to this line. This
method works anywhere during the day if the sun is shining, and in any latitude. This
method works anywhere during the day if the Sun shines.
4) Discussion with pupils about the disadvantages of the determination of the cardinal
directions without the use of any instruments. (5 minutes)
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3.5 Models of planets and the Sun
Task 1: C
 ount the dimensions of the bodies
and their distances in your model.
Pupils of the primary school (aged 7–11 years) are not yet able to operate with such large
numbers; they do not know the concept of the ratio and with the conversion of units they
work mostly intuitively. Therefore, it is necessary to simplify the tasks mathematically.
The simplest option is to directly enter several dimensional variants from which pupils
choose the appropriate scale (Table 2).
Table 2: Jedno z možných zadání velikosti sluneční soustavy
Body

Diameter

Distance from the Sun

the Sun

110 cm

0m

Mercury

4 mm

45 m

Venus

1 cm

85 m

Earth

1 cm

120 m

Mars

5 mm

180 m

Jupiter

11 cm

600 m

Saturn

9 cm (33 cm)

1 100 m

Uranus

4 cm

2 300 m

Neptune

4 cm

3 500 m

For mathematically skilled pupils it is possible to use a simplified numerical input. It is
advisable to choose the size of the Earth and to calculate the size of the other bodies from
this data.

Procedure:
– choose the diameter of the Earth
– Venus is approximately as big as the Earth
– Mercury and Mars have roughly half the diameter of the Earth (Mercury is slightly
smaller than Mars)
– Jupiter and Saturn have roughly ten times bigger diameter than the Earth
(Jupiter is a slightly bigger than Saturn, Saturn‘s rings have three times bigger diameter
than Saturn itself)
– Uranus and Neptune have diameters four times bigger than the Earth
– the Sun has approximately hundred times bigger diameter than the Earth
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For the distances of the planets, apply:
• the Earth‘s distance from the Sun is approximately a hundred times greater than the
diameter of the Sun
• the distance of Mercury from the Sun is roughly half the distance of the Earth from the
Sun
• the distance of Venus from the Sun is about three quarters of the Earth‘s distance from
the Sun
• the distance of Mars from the Sun is half greater than the distance of the Earth from the
Sun
• the distance of Jupiter from the Sun is five times greater than the distance of the Earth
from the Sun
• the distance of Saturn from the Sun is ten times greater than the distance of the Earth
from the Sun
• the distance of Uranus from the Sun is twenty times greater than the distance of the
Earth from the Sun
• the distance of Neptune from the Sun is thirty times greater than the distance of the
Earth from the Sun

Task 2: Make a model of the solar system using foods of a round shape.
The fastest variant of the production of the solar system model is its creation from balls of
different sizes, preferably using round foods (fruits, vegetables, nuts, spices...). At the end,
children also receive a sweet reward.
The basic objective of this task is to acquaint pupils with real distances between the bodies
of the solar system considering their dimensions. If we choose the Earth diameter of 1 cm,
we would need a circle with a radius of 3.5 km for the distribution of all planets. Such a solar system would take for example the territory of the town of Pardubice. In this area there
would be only the Sun with a diameter of 1 m, four planets of the size of a citrus, four planets
of the size of nuts and peas, and then a large number of small bodies with the size of specks
of dust. The idea of such large sizes can be difficult for pupils. So we can try different scales.
In order to fit the solar system in the classroom, it would be necessary to shrink all dimensions roughly by thousand times. This model would then take up a circle with a radius of 3.5
m. At this distance, Neptune of the size of four hundredths of a millimetre would orbit the
Sun of the size of 1 mm. The diameter of the Earth would be one hundredth of a millimetre,
the diameter of the largest planet Jupiter‘s would be then a tenth of a millimetre. This model
of barely visible space bodies is not very illustrative.
We can try a compromise that is perhaps most imaginable, especially if we can run out on
the pitch: the solar system of the size of four football pitches, with the Sun in its centre with
the diameter of 3 cm. The Earth with a third millimetre diameter would orbit at the distan253
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ce of about 3 m, the largest planet Jupiter with the diameter of 3 mm would circulate at the
distance of 17 m. The outermost planet Neptune, with the diameter of 1 mm, would then
orbit around the Sun at the distance of 100 m (Fig. 4).

Neptun

Uran

Saturn
Jupiter

Pic 83: The solar system with the Sun with the diameter of 3cm takes up the area of 4 football pitches.
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Task 3: Make a model of the solar system from the newspaper and starch.
If you want to devote more time to the production of the solar system model, it is possible
to make the bodies from a newspaper and starch.
Preparation of starch: Stir one tablespoon of potato or maize starch in a bit of cold water
and pour 0.5L of boiling water into the bowl while stirring. Wait at least 30 minutes before
the starch has cooled down. Dilute with cold water if necessary.

Procedure of making models:
Shape small planets (approx. up to 5 cm in diameter) from paper dipped in starch. Use
white paper on the top layer to make the planet easier to paint.
Make the larger planets (approx. 5 to 30 cm in diameter) by shaping a ball from dry newspaper. Soak up the top layers of paper in the starch, this way the planet will dry faster.
Make the large planets (with the diameter from approx. 30 cm) by gluing the wire frame
with paper dipped in starch. By doing this, you will reduce the weight of the ball and
achieve a more regular shape. Shape the skeleton from a thicker binding wire, for example,
according to Fig. 5. With the help of the wire, you can also attach Saturn‘s rings made of
cardboard (Fig. 6).
After a complete drying, it is suitable to paint the models of planets and the Sun in their
real colours.

Pic 84: Wire skeleton of the large planet.		

Pic 85: Attachment of Saturn’s rings.
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Task 4: Model of the Sun
The main difference between the planet and a star is the fact that the star is a source of light
and heat (and other types) of radiation due to the thermonuclear reaction occurring at its
core. In the outer part, there is a layer where the transfer of energy from the inside to the surface of the star is carried out by flow. The heated plasma rises to the surface where it cools and
drops back. A structure called granulation is created on the surface. This structure can be simulated in a shallow bowl placed on the stove. Attention! This is a demonstration experiment
with hot oil. The teacher must handle all manipulation. Pupils must adhere to a safe distance.

Procedure:

Pour table oil into the petri dish and stir in a little aluminium powder or silver paint. Place
the bowl on the stove and start warming it up. After a while, the structure of the so-called
Bénard cells appears on the surface. Turn off the stove because by overheating you would
reduce the size of the cells and their clarity.

Task 5: Model of a comet
A comet is a small irregular object consisting predominantly of ice, carbon dioxide and
dust. The nucleus of the comet can be modelled in several ways. Attention! In both of the
following procedures, substances with very low temperature are used. If carelessly handled, there is a risk of frostbite. Therefore, only the teacher handles the cooking of the model comets. Dry ice and liquid nitrogen can be purchased for example in Linde Gas Ltd.

Task 6: C
 reate a comet nucleus model
with a similar composition as a real comet
Take a little water, mix it with toner from the printer and add little organic ingredients from
your own saliva. Mix this mixture with solid carbon dioxide (dry ice) and leave it to freeze.

Task 7: Make a comet nucleus model that you can enjoy eating
You will need whipped cream, choco-cornflakes, Granko, cocoa Pikao, sugar, a solid plastic bag, gloves, a tea towel and liquid nitrogen. Cream, in this case, represents water ice;
other ingredients represent impurities of different sizes. We pour everything into the plastic bag that is held by a helper wearing gloves. We gradually pour the liquid nitrogen in
the bag, while kneading everything from below with the use of the towel. When the mass
begins to solidify, we shape a lump, put it on the plate and we can serve. About one litre of
liquid nitrogen is needed per a cup of cream.
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Overview of the activities
Name
of the task

Estimated
duration
(min)

Difficulty

Age group

Equipment and
materials

Aim
of the activity

Calculations of
suitable size of
a solar system
model

25 min

medium
difficulty

from 9 years
old

Worksheet
(Table 4)

Making the
right idea of the
solar system
dimension, the use
of mathematics in
practice

Making of
a solar system
model from
foods of
a round shape

20 min

easy

from 7 years
old

fruit, vegetables
and other food
of a round shape,
completed Table 4
or Tables 5–7

Making the right
idea of the solar
system dimension

Making of
a solar system
model from
a newspaper
and starch

2 x 45 min

medium
difficulty

from 7 years
old

newspapers or
leaflets, starch,
water, binding
wire, water colours,
completed Table 4
or Tables 5–7

Making the right
idea of the solar
system dimension

Model
of the solar
surface’s
granulation

15 min

medium
difficulty –
demonstration
by the teacher

from 7 years
old

electric stove, petri
dish, table oil,
aluminium powder
or silver paint

Making the
right idea of the
Sun’s surface,
understanding
of the difference
between a planet
and a star

Inedible comet
model

20 min

medium
difficulty –
demonstration
by the teacher

from 7 years
old

water, toner, dry ice

Making the
right idea of the
comet‘s nucleus
composition

Edible comet
model

20 min

medium
difficulty –
demonstration
by the teacher

from 7 years
old

whipped cream,
choco-cornflakes,
Granko, cocoa
Pikao, sugar, a solid
plastic bag, gloves,
a tea towel and
liquid nitrogen

Making the
right idea of the
comet‘s nucleus
composition

257

I – S.K.Y.P.E. Methodical Handbook for Teachers
6. Our solar system is a very small part of one of billions of galaxies in the universe

3.6 Orientation in the sky
Task 1: Drawing of a constellation
Level: Primary (1.-5. Graders)
Subject: Art
Recommended age of pupils: 6–11 years old or older
Time allocated: 1–2 lessons

List of equipment needed for pairs of pupils:
• Drawings of constellations (for example the Ursa Minor, the Cygnus, the Aquila, the
Delphinus).
• A sheet of paper with the brightest stars marked
• A pencil

List of practical (research) activities:
Description – a brief summary:
The goal of the activity is to acquaint pupils with different constellation patterns and their
similarities with known shapes.
Description – individual sections of the lessons

Pre-laboratory
preparation

Introduction to
topic – motivation

Work content
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Time

Material
and equipment
needed

Teacher’s activity

Pupils’ activity

What is a
constellation?

10 minutes

A notebook for
recording the
findings, a pencil

Describes
constellations, their
significance for
orientation in the
sky. He/she manages
and assesses pupils’
activities.

In the form of group
work, pupils estimate
the significance of the
constellations.

Dividing pupils
into groups,
motivation,
formulation of the
target, assessment,
a worksheet.

10 minutes

A notebook for
recording the
findings, a pencil

Divides pupils into
groups, motivation,
formulates the
target, introduces the
assessment criteria
to pupils, distributes
the worksheets, and
supervises pupils when
working.

Presentation
of drawings of
constellations;
pupils complete the
worksheet with tasks,
cooperate within the
group, and ask the
teacher questions.
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Evaluation
of lessons

Practical
(research) activity

Work content

Time

Material
and equipment
needed

Teacher’s activity

Pupils’ activity

Drawing of the
constellation
pattern.

20 minutes

A notebook for
recording the
findings, a pencil

Pays attention to pupils. They draw a
constellation pattern
according the
brightest stars marked
on the sheet.

Summary,
advantages and
disadvantages of
constellations,
presentations.

5 minutes

None

Controlled discussion
with pupils.

Disadvantages of
orientation in the
sky with the help of
constellations.

Preparation of the teacher:
Description of the activity
1) Brief information on constellations. (10 minutes)
Equipment: a notebook, a pencil
The teacher informs pupils about constellations.
2) Presentation of drawings of constellations. (10 minutes)
Equipment: drawings of constellations (for example the Ursa Minor, the Delphinus, the
Aquila, the Cygnus). Pupils can determine the names of the constellation according to
the illustrated animals.
3) Drawing of the constellation pattern. (20 minutes)
Pupils are given sheets with locations of the brightest stars. Pupils’ task will be to draw
the pattern of a constellation based on their knowledge of constellations’ drawings.
4) Discussion with pupils about the problems with orientation in the sky with the help of
constellations. (5 minutes)
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Task 2: A three-dimensional model of a constellation
Level: Primary (1.–5. Graders)
Subject: Art
Recommended age of pupils: 6–11 years old or older
Time allocated: 1–2 lessons

List of equipment needed for pairs of pupils:
•
•
•
•
•

Polystyrene (or Plasticine)
Wooden skewers
Beads of different colours and sizes
Thread
Facts about stars (location, distance, stellar classification – colour)

List of practical (research) activities:
Description – a brief summary:
The goal of the activity is to acquaint pupils with the fact that the stars of the particular
constellation are not related in any way and their location in the constellation is given only
by the place where we observe them.
Description – individual sections of the lessons

Pre-laboratory
preparation

Introduction to
topic – motivation

Work content
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Time

Material
and equipment
needed

Teacher’s activity

Pupils’ activity

What is a
constellation?

10 minutes

A notebook for
recording the
findings, a pencil

Describes constellations,
their significance for
orientation in the
sky. He/she manages
and assesses pupils’
activities.

In the form of
group work,
pupils estimate the
significance of the
constellations.

Dividing pupils
into groups,
motivation,
formulation of the
target, assessment,
a worksheet.

10 minutes

A notebook for
recording the
findings, a pencil

Divides pupils into
groups, motivation,
formulates the
target, introduces the
assessment criteria
to pupils, distributes
the worksheets, and
supervises pupils when
working.

Presentation of
constellations,
they complete the
worksheet with
tasks, they cooperate
within the group,
and ask the teacher
questions.
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Evaluation of
lessons

Practical
(research) activity

Work content

Time

Material
and equipment
needed

Teacher’s activity

Pupils’ activity

Making of a
constellation
model.

65 minutes

A notebook for
recording the
findings, a pencil

Pays attention to pupils.

Pupils make a
constellation
model according
to the pattern of
a constellation
and distances of
individual stars.

Summary,
advantages and
disadvantages of
constellations,
presentations.

5 minutes

None

Controlled discussion
with pupils.

Disadvantages of
orientation in the
sky with the help of
constellations.

Preparation of the teacher:
Description of the activity
1) Brief information on constellations.(10 minutes)
Equipment: a notebook, a pencil
Teacher informs pupils about constellations.
2) Presentation of constellations (the Great Bear – the part of the Big Dipper will suffice,
Orion, Cassiopeia). (10 minutes)
Equipment: pictures of constellations, distances to the stars (for example the Great
Bear, or the Big Dipper will suffice, Orion, Cassiopeia)
3) Making of the constellation model (65 minutes)
Pupils make a pad from polystyrene (or Plasticine) and according to a table they stick
the skewers with beads into the polystyrene in the correct places (the beads are fixed to
the skewers with, for example, Plasticine). Pupils then observe the constellation model
from different angles. It is possible to make even bigger model, for example in the school garden.
4) Discussion with pupils about the constellation’s model. (5 minutes)
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Task 4: The brightness of stars
Level: Primary (1.–5. Graders)
Subject: national history and geography
Recommended age of pupils: 6–11 years old or older
Time allocated: 1–2 lessons

List of equipment needed for pairs of pupils:
A sheet of paper with the outline of a pattern

List of practical (research) activities:
Description – a brief summary:
The goal of the activity is to acquaint pupils with varying brightness of stars in the sky.
Description – individual sections of the lessons

Practical
(research) activity

Pre-laboratory
preparation

Introduction to
topic – motivation

Work content
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Time

Material
and equipment
needed

Teacher’s activity

Pupils’ activity

What is a
constellation?

10 minutes

A notebook for
recording the
findings, a pencil

Describes constellations,
their significance for
orientation in the
sky. He/she manages
and assesses pupils’
activities.

In the form of
group work,
pupils estimate the
significance of the
constellations.

Dividing pupils
into groups,
motivation,
formulation of the
target, assessment,
a worksheet.

10 minutes

A notebook for
recording the
findings, a pencil

Divides pupils into
groups, motivation,
formulates the
target, introduces the
assessment criteria
to pupils, distributes
the worksheets, and
supervises pupils when
working.

Presentation
of drawings of
constellations;
they complete the
worksheet with
tasks, cooperate
within the group,
and ask the teacher
questions.

Estimate of the
stars’ brightness.

15 minutes

A notebook for
recording the
findings, a pencil

Pays attention to pupils.

They estimate the
stars’ brightness on
the pattern.
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Evaluation of
lessons

Work content
Summary,
advantages and
disadvantages of
constellations,
presentations.

Time
5 minutes

Material
and equipment
needed
None

Teacher’s activity
Controlled discussion
with pupils.

Pupils’ activity
Disadvantages of
orientation in the
sky with the help of
constellations.

Preparation of the teacher:
Description of the activity
This activity is not very suitable for doing in lessons, as it is advisable to observe the night
sky, even if the activity can be modified into a class.
Pupils will try, based on their observations, to compare the brightness of the seven stars
forming the asterism of the Big Dipper (part of the constellation of the Great Bear). They
mark the star, which appears to them as the brightest, with the number 1. The second star
in order of brightness, they designate the number 2, etc. The least bright star will have the
designation of number 7. They write the numbers directly next to the stars in the picture.
With pupils, after the realization of the task, it is possible to discuss whether all the stars
are separate stars; the second star from the left is actually a double star and contains two
stars – Alcor and Mizar.
With limitations, the determination of the brightness of stars can be realized in the classroom by projecting a stellar sky through a computer planetarium, e.g. Stellarium.

Pic 86: Velký vůz
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ORGANISMS ARE ORGANIZED
ON A CELLULAR BASIS
AND HAVE A FINITE LIFE SPAN
1. THEORETICAL PART OF THE CHAPTER
1.1 Description of the scientific concept
(according to Wynne Harlen, 2015)
There are many different organisms, including e.g. plants and animals. They differ from
non-living beings by their ability to move, multiply, and respond to certain stimuli. All
these processes are based on the fact that organisms have a metabolism which maintain
the body with its functions. For life they need e.g. water, air, food, a way to get rid of waste
and an environment that stays within a certain temperature range. Some organisms do
not appear active, but every organism will at some stage carry out the life processes of
respiration, reproduction, feeding, excretion, growth and development. All organisms will
eventually die.
All living organisms are made of one or more cells. Most cells can only be seen through Functions
a microscope. The basic processes of life are the results of what happens inside the cells. of a cell
Cells divide for growth and multiplication or to replace old cells (see Big Idea 9). The
cells need food as an energy source (see Big Idea 4) to carry out these functions. Such
functions belong to the “basic program” of all cells. Some cells in multicellular organisms
do other things in addition. They are specialized, for example as muscle, blood or nerve
cells.
Cells work together as tissue, tissues as organs and organs as organ systems. In the
human body such systems provide functions such as breathing, digestion, excretion and
temperature control. The circulatory system takes material needed by the cells to all parts
of the body and removes soluble wastes to the urinary system. Stem cells are cells that are
not yet specialized. They can be programmed for different functions and are therefore
able to repair tissues. Cells function best within certain conditions (for example, a certain
temperature). Organisms have therefore developed mechanisms to stay within these frameworks. Some animals, including us humans, keep e.g. the temperature and the acidity
within certain limits.
Within cells there are many molecules if different kinds which interact in carrying
out the functions of the cell. In multi-cellular organisms, cells communicate with each
other by passing substances from one cell to another. A membrane that surrounds each
cell plays an important role. This membrane determines what can get into or leave a cell.
This is how the most important components remain in the cell and required substances
(for example food) are taken up.
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Control of a cell

The activity of different types of cells is controlled by enzymes. Hormones, released by
specialized tissues and organs, regulate activity in other organs and tissues and control
the overall functioning of the organism. In humans, most hormones are transported in
the blood. Many medicines operate by speeding up or slowing down the regulatory mechanisms of enzymes or hormones. Cells are also controlled by the brain and spinal cord
by sending messages about nerve cells in the form of fast electrical signals.

Cell research

Cells of different organisms can also live outside the organism as long as they have
everything they need to survive and grow. Scientists to investigate cell functions use
these cell cultures. They have medical implications such as the production of vaccines,
screening of drugs and in vitro fertilization. Plant tissue cultures are used widely in the
plant science, forestry and horticulture. Cells cannot divide infinitely often; the number
of these divisions is limited. Diseases caused by invading microorganisms, environmental conditions or defective cells disrupt cell function. Multicellular organisms die if their
cells are incapable of further division.
In summary, all organisms are constituted of one or more cells. Multi-cellular organisms
have cells that are differentiated according to their function. All the basic functions of life
are the result of what happens inside the cells which make up an organism. Growth is the
result of multiple cell divisions.

1.2 What are elementary school students able to understand?
(according to Wynne Harlen, 2015)
Elementary school students are already able to experience and understand the following
part of this “Big Idea”:
There is a wide variety of living things (organisms), including plants and animals. They
are distinguished from non-living things by their ability to move, reproduce and react to
certain stimuli. To survive they need water, air, food, a way of getting rid of waste and
an environment, which stays within a particular range of temperature. Although some
do not appear to be active, all will at some stage carry out the life processes of respiration,
reproduction, feeding, excretion, growth, developments, and all will eventually die.

Keywords:
Unicellular organisms and multi-cellular organisms
Multi-cells have cells that are differentiated according to their function
Growth as a result of cell division
Metabolism
Reproduction
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2. SCIENTIFIC BACKGROUND FOR THE TEACHERS
2.1 What is life?
„What is life?“. That is a difficult question. Especially if you want to answer them with
primary school childtren. It is a question that children ask themselves when a sibling is
born, a pet dies, or a doll needs nothing to eat. People have been thinking for millennia
about a question. But even the scientists of today have not found a final answer. However,
even thinking about the question and its answer is worthwhile, even for elementary school
children.
Aristotle defined more than 2,000 years ago: what grows, preserves itself and reproduces itself is alive. This actually applies to almost all living things. However, there are also
things that can be described in this way, but are not considered as alive. Fire e.g. grows,
preserves itself and continues to grow as long as it gets something combustible. Even computer viruses do that as long as they can continue to infect unprotected computers.
There is no unitary definition of „life“. Instead, science uses criteria to distinguish living Characteristics
from inanimate objects. The most important features of “life” (from today‘s perspective), of life
which are also suitable as a basis for teaching, are the following:
Living creatures ... :
• Grow, develop and change.
• Reproduce themselves and inherit traits.
• Absorb energy and transform it.
• React to light, wind, heat and water
• Have a figure (gestalt).
• Adapt to their habitat over many generations.
Another feature, which has already been mentioned in the introduction, is the division
into compartments, so delimited spaces. In the case of multi-cells, the single compartments are the individual cells, which are specialized. Thin membranes and similar structures into areas in which separate processes can happen without any disruption divide
the interior of these cells. This means that compartments are also existent in unicellular
organisms.

2.2 Requirements of life
What do living creatures need to live? Energy, water, protection and an appropriate habitat. Most of them also need oxygen, food and nutrients and temperatures they feel comfortable with.
Without energy (see Big Idea 4) living things could not grow. For example plants get Energy
energy from the sunlight (solar radiation) that they absorb and convert into nutrients.
Animals cannot use the solar radiation directly. But you can eat plants or other animals
with their nutrients (which they got from the sun) instead.
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Water

All living things need water. On the one hand, their cells mostly consist of them and on the
other hand, the water helps to transport substances into or out of the cells. Some organisms need only few water: the animals and plants of the deserts like e.g. camels and cactuses.
Fish and other living things need a lot of water, because they spend their whole life there.

Protection

Most animals are take shelter somewhere in their lives. They do that, for example to
avoid predators or bad weather, to sleep in safety or give birth to their offspring, who
would not survive without protection. Plants cannot take shelter because they are not
able to move. They have found other ways to defy themselves, the weather and predators.

Habitat

All living creatures need space to live and grow. Some need very little: bacteria e.g. can
grow in tiny cavities. Other creatures need a lot: A Siberian tiger needs a territory in which
he can walk around, which must be larger than Kiel or Stuttgart. If there is only little space,
the organisms are have not enough food or water and diseases can also spread more easily.

Temperature

Emperor penguins live in the Antarctic at -60 degrees and breed their eggs there for
months. Fennecs (desert foxes) and camels live near the equator, where it is up to 60 degrees. Life also thrives under these extreme conditions. However, not every organism can
survive in all temperature ranges. For emperor penguins, the temperatures in Germany
are much too warm but for camels, it is much too cold.

Food
and Nutrients

All living creatures need food and nutrients. They are helping the organisms to build
up and preserve their bodies. In addition, they enable the organisms having good life
functions and producing energy. Animals get their nutrients through food. Instead of
this, plants receive them from the ground or the air by their roots and leaves. Bacteria
absorb the nutrients directly through the cell membrane. A lack of nutrients leads to
problems. However, usually we get hungry before, so we can get the missing nutrients by
food.

Oxygen

All living creatures need oxygen. Only a few bacteria can survive in an oxygen-free habitat. Plants produce almost all of our world’s oxygen. They generate nutrients and
oxygen from water and carbon dioxide using solar energy (solar radiation). Without
oxygen, a human being can live only a few minutes.

2.3 Classification of living creatures
Scientists have classified all living creatures into large groups. Previously only two groups
were known: animals and plants. New groups were added, as humans were able to observe
even very small organisms by microscopes. So you can differentiates six groups or socalled „kingdoms“:
Bacteria
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Organism type: unicellular bacteria
Distribution: worldwide
Bacteria can stand (and live under) all environmental circumstances. For example, you
can count the cyanobacteria, which once gave the first oxygen into the atmosphere of the
earth, to this group. However, there are also pathogenic organisms such as cholera or typhus. In addition useful bacteria, which clear the sewerage or turn milk into yogurt, belong
to that group, too.
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Archaea
Organism type: unicellular bacteria
Distribution: extreme habitats
The archaea belong probably to the oldest creatures on the earth. They also survive in
extremely hostile habitats, for example in radioactive waste, very hot water, lye or acid.
Protista
Organism type: mycetozoan (slime mold), algae, protozoa
Distribution: salt water and fresh water (prevalent), mainland (in particular)
In this kingdom, different, not closely related organisms are combined. They are neither
bacteria nor archaea, fungi, plants or animals. They are unicellular organisms – but with
a nucleus. They produce some of their nutrients by themselves. They partly live from other organisms.

Organism type: molds, yeasts
Fungi
Distribution: worldwide
For a long time, fungi were regarded as plants until researchers noticed that they did not
produce their own nutrients. Instead, they get their energy from the degradation of the
remains of dead plants or animals. There are multi-cellular and unicellular fungi. They
are genetically and chemically closer to animals than to plants.
Organism type: green algae, mosses, conifer, flowering plants
Plants
Distribution: worldwide, Polar Regions (in particular)
Plants are multi-cellular, complex organisms that produce their nutrients by themselves. This kingdom includes huge trees as well as tiny mosses. They are existing in most
habitats, including the oceans. Plants produce the oxygen we need to breathe and live.
Organism type: insects, fish, mammals, crustaceans, reptiles, amphibians
Animals
Distribution: worldwide
This kingdom includes simply developed animals, which have neither a spinal cord
nor a brain (like sponges), up to complex mammals like us humans. Animals cannot
produce their own nutrients and must therefore eat other living organisms in order to
survive.
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For a long time, fungi
were regarded as
plants until researchers
noticed that they did
not produce their own
nutrients. Instead, they
get their energy from
the degradation of the
remains of dead plants
or animals. There are
multi-cellular and
unicellular fungi. They
are genetically and
chemically closer to
animals than to plants.

Plants are multi-cellular,
complex organisms
that produce their
nutrients by themselves.
This kingdom includes
huge trees as well as
tiny mosses. They
are existing in most
habitats, including the
oceans. Plants produce
the oxygen we need to
breathe and live.

This kingdom includes
simply developed
animals, which have
neither a spinal
cord nor a brain
(like sponges), up to
complex mammals like
us humans. Animals
cannot produce their
own nutrients and
must therefore eat
other living organisms
in order to survive.

Organism type: molds,
yeasts

Distribution:
worldwide

Organism type: green
algae, mosses, conifer,
flowering plants

Organism type:
insects, fish, mammals,
crustaceans, reptiles,
amphibians

Fungi

Distribution: worldwide Distribution:
worldwide, Polar
Regions (in particular)

Plants

Animals

Organism type: unicellular bacteria

ARCHAEA

Bacteria can stand
(and live under)
all environmental
circumstances. For
example, you can count
the cyanobacteria,
which once gave the
first oxygen into the
atmosphere of the
earth, to this group.
But there are also
pathogenic organisms
such as cholera or
typhus. In addition
useful bacteria, which
clear the sewerage or
turn milk into yogurt,
belong to that group,
too.

The archaea belong
probably to the oldest
creatures on the earth.
They also survive
in extremely hostile
habitats, for example
in radioactive waste,
very hot water, lye or
acid.

Distribution: worldwide Distribution:
extreme habitats

Organism type: unicellular bacteria

Bacteria

Info sheet: Classification of living creatures
Six kingdoms (The differentiation between animals and plants is the most important one for children)

In this kingdom,
different, not closely
related organisms are
combined. They are
neither bacteria nor
archaea, fungi, plants
or animals. They are
unicellular organisms
- but with a nucleus.
They produce some
of their nutrients by
themselves. They
partly live from other
organisms.

Distribution: salt water
and fresh water
(prevalent), mainland
(in particular)

Organism type: mycetozoan (slime mold),
algae, protozoa

PROTISTA
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2.4 Classification into species
The groups or kingdoms are very broad categories. However, the living creatures can also
be further classified. Scientists have defined so many subgroups that only one type of organism was left: the species. The classification of the classical taxonomy (= classification
into systematic categories) was based on the similarity of the organisms, e.g. how many characteristics they have in common. The modern taxonomy additionally regards the history of
organisms, so that sometimes contradictory classifications are found.
In order that the students are able to understand the systematic of the classifications the
examples given below are based on the classical taxonomy, which can be understood on
the basis of external similarity. However, only for the example Tyrannosaurus rex there was
a discrepancy between the taxonomies.
KINGDOM PHYLUM

CLASS

ORDER

FAMILY

GENUS

predators

cats

panthera

Lion (Panthera leo)

primates

ape

homo

Human (homo
sapiens)

birds

fowl-like-birds

phasianidae

gallus

Red jungle fowl
(Gallus gallus)

reptiles

theropoda

coelurosauria

tyrannosauroidea

tyrannosaurus rex

mammals
vertebrates
Animals

EMPIRE

annelids

clitellata

oligochaetes

earthworms

lumbricus

(Lumbricus
terrestris)

molluscs

snails

pulmonata

stylommatophora

helix

edible snail
(Helix pomatia)

PHYLUM

CLASS

ORDER
liliales

Plantae

SPECIES

tracheophyta

bryophyta

FAMILY
liliaceae

GENUS
tulipa

SPECIES
Tulpia gesneriana

rosales

rosaceae

pyrinae

Malus domestica

saxifragales

crassulaceae

kalanchoe

Bryophyllum
(K. daigremontiana)

polypodiopsida polypodiales

dryopteridaceae

dryopteris

dryopteris filix-mas

sphagnopsida

sphagnaceae

Sphagnum

Sphagnum

magnoliopsida

sphagnales

Literature:
• Winston, Robert (2013): Das ist Leben! Die spannende Welt der Biologie. Dorling,
London
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3. METHODOLOGICAL GUIDELINES FOR THE TEACHERS
Overview table
Worksheets

Duration

Level
of difficulty

Age

Materials

Educational objective

Worksheet 1:
Hidden object
picture

15 Minutes

Simple

6–10 Years

Worksheet

To activate the
children‘s knowledge
and to fill and revise the
concept of life or liveliness
because of the recognized
living creatures in the
environment

Worksheet 2:
What else do
you know?

15 Minutes

Simple

6–10 Years

Worksheet

To activate the previous
knowledge of the students,
reflection about examples
of animate and inanimate
things

Worksheet 3:
Classification of
living creatures

30 Minutes

Simple

6–10 Years

Worksheet 4:
Alive or not?

15-30
Minutes,
depending
on the
example

Simple

6–10 Years,
depending
on the
selected
example

Worksheet

Reflection and discussion
about untypical examples;
Deepening, reflecting and
recognizing boundaries of
the definition of life.

Worksheet 5:
Characteristics
of life

20 Minutes

Simple

6–10 Years

Worksheet

To deepen and extend the
results by introducing the
criteria for “living” and to
learn and try out to reflect
the own hypotheses with
the help of this information

Worksheet 6:
Requirements
for life

ca. 1 Week

Simple

From 6
Years

Small bowls,
fast germinating
seeds, cotton,
water, salt
solution

To recognize the
importance of appropriate
living conditions and to
observe and discuss the
transience of life.

Worksheet 7:
Organisms
consist of cells

ca. 1 Hour

Medium

From 8
Years

Microscope
and accessories,
an onion

Observe the composition
of life/living creatures from
cells

Worksheet 8:
Onion cell and
salt water

ca. 1 Hour

Difficult

From 8
Years
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Worksheet, copies Reflection about known
of the info sheet examples of life, useful
categorization of the
current knowledge,
demonstration of the
diversity of live and the
differences between living
creatures.

Microscope
and accessories,
red onion, saline
solution

Observe the composition
of life(living creatures
from cells, understand the
impact of saltwater
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The worksheets are only a collection of tasks, not a list to be processed in a fixed order.
The worksheets that build on each other and those that relate to each other are marked
accordingly. Worksheets 1–5 build on each other and form an introduction to the topic.
If there is not enough time, worksheet 2 can be omitted, but then there are less examples
for worksheet 3 available so that some categories may not be filled in.

Worksheet 1: Hidden object picture
Teaching aids:
• Worksheet, colored pencils (see variation)

Procedure:
The students receive the worksheet, which contains the assignment, the hidden object
picture and the table in which the answers can be entered. The teacher gives the following
instruction: „Look at the picture! What is alive and what is not alive? Find five animate and
five inanimate things for the following table.“ The question “What is alive and what is not
alive?” should additionally be formulated verbally. If necessary, the worksheet of task 2
can be distributed at the same time.
The educational objective is to activate the children’s existing knowledge and to fill and
revise the concept of life or liveliness because of the recognized living creatures in the
environment.
The instruction can be varied differently, for example:
• instead of writing down, the things can be …:
– cut and sort
– mark with different colors
• written down in another language (instead of the language which has been spoken during the lesson)
• instead of this picture… can be chosen:
– a picture that fits better in the season (spring, christmas, . . . )
– an image that matches with a topic the students are currently interested in
– no picture, but different toys, which are sorted
– no picture, but go into the nature and made your observations there
• instead of each student alone:
– a group of students together

271

I – S.K.Y.P.E. Methodical Handbook for Teachers
7. Organisms are organized on a cellular basis and have a finite life span

Pic 87: Animate and inanimate

Possible solution:
What is alive?

What is not alive?

cat

car

dog

tram

policeman

house

tree

swing

Worksheet 2: What else do you know?
Teaching aids:
• Worksheet

Procedure:
The teacher requests the students to change the worksheet: “Write additional examples that
you also know in this (the next) table!” If the students have no idea what to add, the teacher
encourages them to think about a special situation or location (e.g. the zoo or a previous
class trip) and the inanimate and animate things there.
In this worksheet, the existing knowledge of the children should be activated and tested. Furthermore, they have the chance to reflect on known examples of life and should
strength the connection to their actual and individual experiences.
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What is alive?

What is not alive?

The instruction can be varied in different ways:
• instead of writing down the examples, they can also be painted on
• instead of free thinking:
– introduce another image
– search things in the classroom and in school
• instead of each student alone:
– a group of students together

Worksheet 3: Classification of living creatures
Teaching aids:
• worksheet

Procedure:
The teacher gives the following instructions: „Discuss with other students: What did you
register in your table at „What‘s alive“? Can you assign these to different groups? Find names
for your groups and write them down!“
This process can be divided into different periods:
Period 1: Teamwork, the teacher provides an overview and assists if it’s necessary
Period 2: The teams depict their classifications, which are noted by the teacher
It‘s important that the teacher appreciates the classifications of the students and tolerates
that they can be different! There are no wrong classifications! Each classification mentioned by the students should be used as a basis for (class) discussion.
Possible solutions of the students:
• Classification: big – small:
Which huge and which tiny plants do you know?
273

I – S.K.Y.P.E. Methodical Handbook for Teachers
7. Organisms are organized on a cellular basis and have a finite life span

Which huge and which tiny animals do you know?
• Classification: can move – cannot move
Which animals can move by themselves? Which animals can‘t do that?
Which plants can move by themselves? Which plants can‘t do that?
• Classification: I like it – I don‘t like it
Which plants do you like and why? Which plants don‘t you like?
Which animals do you like and why? Which animals don‘t you like?
• Classification: needs food – does not need food
Which animals need food? Which animals don’t need food?
Which plants need food? Which plants don’t need food?
Period 3: The teacher presents the scientific classification (at least plants and animals) to
the class. If possible the explanation should be based on or reflect the suggestions given by
the students. The teacher can hand out an additional info sheet.

Teaching aids:
• Info sheet

Solution:

Is not alive

animals

plants

fungi

bacteria

Pic 88: Classification of living creatures

The aim of this worksheet is to reflect about known examples of life and to get a useful
categorization of the current knowledge. In addition, the students should think about the
diversity of live and the differences between living creatures.
The instruction of the worksheet can be adapted to the individual abilities of the students:
• Additional tasks for fast students
– The creatures of the small groups can be dedicated to the groups that were found.
– The creatures in the tables could be marked regarding the categories of the scientific
categories
• Deepening: The creatures on the lists of small groups are assigned to the scientific categories
• Other examples could be collected based on the scientific categories
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Worksheet 4: Alive or not?
Teaching aids:
It can be helpful to show the “special cases“ as illustrative material in the classroom. This
makes it easier for the children to talk and discuss.

Procedure:
The teacher introduces the following group assignment (which could be also discussed
in class): „Check for the following „special cases“ if they are alive or not and write down the
reasons for your decision. Then try to classify them according to the groups scientists use“:
1.
2.
3.
4.
5.
6.
7.
8.
9.

a fly
a flower bouquet
fire
an apple
an apple core
an orange
an orange with mildew
a dog
a robot dog

During class discussion, it is sometimes not easy to determine if something is alive or not.
Sometimes the classification into the scientific categories helps further. The aim of the task
is not to find a clear solution. Instead of that, it is important to activate the knowledge of
the students and to consolidate in the discussion. Depending on the condition the „special
cases“ can be alive or dead.
Afterwards, there can be a group work or the task is edited in the class discussion.
The educational objective of this worksheet is that the students reflect and discuss about the
untypical examples. Furthermore, they are encouraged to deepen, reflect and recognize the
boundaries of the definition of life.
Note: Depending on the time frame and grade level, a selection of „special cases“ should
be made.
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Worksheet 5: Characteristics of lifet
Teaching aids:
• Worksheet

Procedure:
The teacher introduces the following instruction to the students: “Look again at your tables. Why did you write something to the aspect “alive” and not to “not alive”? What distinguishes living creatures? Find at least one characteristic of life and note it!“
All living creatures are/have/can: _________________________________________
The further procedure has different phases:
Phase 1: The students should first answer the task on their own or in small groups. Then
the results are discussed together in class. Depending on the situation, the teacher summarizes the results during the class discussion or discussed it at the end.
Phase 2: The teacher introduces the most important characteristics of life (at least three of
them!) to the students:
Living creatures...:
•
•
•
•
•
•

Grow, develop and change.
Reproduce themselves and inherit traits.
Absorb energy and transform it.
React to light, wind, heat and water
Have a figure (gestalt).
Adapt to their habitat over many generations.

Phase 3: The children compare the characteristics with their found characteristics or hypotheses.
Phase 4: The students check their tables according to the mentioned characteristics. The
teacher gives them the instruction: “Verify if these characteristics are true for all the creatures you have identified!”
The aim of this task is to deepen and extend the results of the students by introducing the
criteria for “living”. In addition, the students should learn and try out how to reflect their
own hypotheses with the help of this information.
This work assignment can be adapted to the students‘; abilities, e. g. by selecting the type
of the group work (individual or group work) for phases 1 and 4 and/or the number of
characteristics (criteria) individually.
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Worksheet 6: Requirements for life
Teaching aids:
• three small bowls, seeds that germinate quickly (e.g. cress or mung beans), cotton wool,
water, saline solution

Procedure:
The teacher gives the students the following instruction for the class project: “Prepare
a small “bed of cotton wool” in each of the three bowls for the seeds“.
Bowl 1: “Soak the cotton wool in water, add the seeds (cress would be very suitable for this)
and leave it to stand for a day or two. If it is necessary, you can add some water. What can
you observe?“
Bowl 2: “Soak the cotton wool with the saline solution and add the seeds. What are you
observing here after a day or two? Compare your observations with the results from bowl 1!“
Bowl 3: “Soak the cotton wool in water and add the seeds. Replace the water with the saline
solution after one or two days. What are you watching?“
Solution: The seeds in bowl 1 germinate very quickly, while nothing happens in bowl 2.
The seeds in bowl 3 germinate normally like those in bowl 1, but decay as soon as they are
poured with the saline solution.
Explanation: Salt is a hindrance to the growth of most plants. It blocks the process of growth and extracts important nutrients from the soil, which the plant needs.
The result can be an inducement to talk about death as the counterpart of life.
This worksheet enables the students to recognize the importance of appropriate living
conditions for living creatures. In addition, they can observe and discuss the transience
of life.
Depending on the abilities of the students, they can work in groups or the whole class can
do it together. Moreover, the teacher can adapt her/his support individually regarding the
state of development and the current knowledge of the students.
The following worksheets 7 and 8 can be put together to a bigger research process
deepening the results of worksheet 6. Worksheet 7 can also be carried out without the
other tasks.
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Worksheet 7: Organisms consist of cells
Teaching aids:
• Worksheet, microscope and accessories (tweezers, microscope slide, cover slip, dissecting needles, pipette), the epidermis of an onion

Procedure:
First, the students should prepare an epidermis of an onion for the observation with a microscope (see worksheet for students). Then the teacher gives the following instructions:
“Use the microscope to look at the cells of the onion. Describe and draw what you see!“
This task can be difficult for younger students and they will need help with the preparation of the onion. If necessary, the preparation can be done in advance. Before starting the
observation, the teacher explains the structure of the microscope and discusses the rules
to be followed when using it.
The educational objective of this task is to observe the composition of life (and living creatures) from cells.
If the assignment is carried out as a group or in the whole class, the students need more
support from the teacher. Younger and weaker primary school students may also need
more help.

Pic 89: Microscope

Background information: Microscope
Microscope slide: A little glass plate on which you have to place the object you want to observe. It has to be covered with a drop of water and a (second) cover plate so that nothing
can slip.
Coarse and fine adjustment: For focusing, the microscope stage hast to be moved up or
down. In doing so you can first adjust the coarse adjustment, then the fine adjustment
until the optimum acuity is achieved.
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Object stage, lens tube and ocular, objective lenses, light
Observation: The epidermis consists of many small parts. This small parts are called “cells”
and are separated from each other by visible cell walls. In addition, they have a nucleus,
which may be visible as a dark rounded structure.

Pic 90: Onion cell 1

Explanation: The epidermis of the onion consists of many small parts, which are called
cells. In addition, each cell has a small dark rounded structure - the nucleus. All genetic
information is stored here. It also controls the individual processes inside the cell.

Worksheet 8: Onion cell and salt water
Teaching aids:
• microscope and accessories (tweezers, microscope slide, cover slip, dissecting needles,
pipette), a red onion, water, saline solution

Procedure:
First, the students should prepare a red onion for the observation with the microscope
(see worksheet 7). The teacher gives the following instruction: “Prepare a red onion as described in worksheet 7 and look at it with the microscope. Then consider a second onion preparation that lies in salt solution instead of water on the microscope slide. What can you see?“
During this task, the students can observe the composition of life (and living creatures)
from cells and develop an understanding of the impact of salt water.
Background information: Plasmolysis, cell structure, microscope structure (see worksheet 7)
Observation 1: The epidermis of the red onion consists of cells, too. There is a red area in
each cell.
Explanation: The red area, which sometimes seems to fill in the whole cell, is a kind of
storage room for nutrient-containing cell sap.
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Pic 91: Onion cell 2

Observation 2: The red area of the onion cells contracts more and more in the salt solution. It is partly possible to see that a thin membrane detaches from the cell wall.
Explanation: The higher salt concentration outside the cells detracts liquid from the cells.
The loss of liquid causes the vacuole in the cell to contract more and more. This process
is called plasmolysis. Without sufficient water, the metabolic processes in the cells cannot
occur. That is why salt water is not good for most of the plants.
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ORGANISMS REQUIRE
A SUPPLY OF ENERGY AND
MATERIALS FOR WHICH
THEY OFTEN DEPEND ON,
OR COMPETE WITH, OTHER
ORGANISMS
1. INTRODUCTION
1.1 Characteristic of the idea
Harlen (Harlen, ed., 2015) characterizes this idea as follows: Food provides materials and
energy for organisms to carry out the basic functions of life and to grow. Green plants and
some bacteria are able to use energy from the Sun to generate complex food molecules.
Animals obtain energy by breaking down complex food molecules and are ultimately dependent on green plants as their source of energy. In any ecosystem there is competition
among species for the energy resources and materials they need to live and reproduce.

1.2 Suggested level of preconception development for primary level
In the younger school age (7–11 year olds), which corresponds to primary science education, (according to Harlen‘s concept of developing Big Ideas of Science), pupils should
already understand that all living things need food as their source of energy as well
as air, water and certain temperature conditions. Plants containing chlorophyll can use
sunlight to make the food they need and can store food that they do not immediately use.
Animals need food that they can break down, which comes either directly by eating plants
(herbivores) or by eating animals (carnivores) which have eaten plants or other animals.
Animals are ultimately dependent on plants for their survival.
The relationships among organisms can be represented as food chains and food webs.
Some animals are dependent on plants in other ways as well as for food, for example for
shelter and, in the case of human beings, for clothing and fuel. Plants also depend on
animals in various ways. For example, many flowering plants depend on insects for pollination and on other animals for dispersing their seeds.
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Scientific content in key words:
Food
energy
food chain
plants
animals
human

2. SCIENTIFIC BACKGROUND FOR TEACHERS
All living organisms need an energy supply for their existence, which they use to cover
vital functions (breathing, digestion, movement, etc.). All the energy on Earth, which
organisms continue to use and transform, comes from the Sun.
The energy from the Sun hits the Earth‘s surface in the form of radiation. Part o fit is reflected back and part is absorbed in the atmosphere. Almost a quarter of the sun‘s energy
causes water levels to evaporate. Evaporation results in the formation of clouds in the
atmosphere and the water cycle in nature. Movements of hot and cold air in turn cause
wind.
In terms of life on Earth, the most important use of energy from the sun is its conversion
into biomass. Biomass can be considered as stored solar energy, which is converted by
plants in the process of photosynthesis.

2.1 Composition of organisms
Living organisms are divided into cellular and non-cellular. Non-cellular organisms
include host cell-dependent viruses.
Cell organisms can be further divided into unicellular and multicellular. As the term
suggests, unicellular ones have a body made up of only one cell that performs all functions.
According to the organization of the nucleus and other cellular structures, we recognize prokaryotic cells (formed by one DNA molecule that is not separated from the
cytoplasm by membrane; it does not contain organelles consisting of membranes, does
not have a cytoskeleton; only ribosomes are present) and eukaryotic (contains a nucleus
separated from the cytoplasm by a nuclear membrane, contains membrane organelles,
a cytoskeleton present).
Prokaryotic cells form only unicellular organisms (e.g. cyanobacteria and bacteria). Eukaryotic cells form both unicellular (protozoa) and multicellular organisms (fungi, plants,
animals).
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The cell is the basic building and functional unit of all living organisms, which ensu- Bunka
res nutrient uptake, its transformation into energy, performs specific functions. Many
chemical reactions are required to organize all these processes. To carry out a chemical reaction in a cell, the energy that the cell is able to obtain by converting substances is needed.
We are talking about substance transformation or so called metabolism.
The processes in the cell should be understood in its complexity. We cannot separate them
because they are closely related; e.g. the uptake of substances into the cell takes place along
with the release of substances.
Kinds of reactions to take place in the cells of the organism:
• anabolic reactions – synthesis of products from several substrates. They are endergonic – they require energy supply because as they consume energy; use of substrates for
the synthesis of substances necessary for the construction or function of the body (proteins, enzymes).

Bunkové
procesy

• catabolic (decomposition) reactions – degradation, cleavage of the substrate molecule
into several product molecules. They are exergonic – energy is released, part of it is
captured e.g. in ATP:
– chemical energy – used for organism function (max 27%);
– thermal energy – maintaining a constant body temperature.
In a living organism, the metabolism of substances is not separated from energy
transformations. We distinguish between autotrophic and heterotrophic organisms
according to the way of obtaining energy. In addition, we also recognize mixotrophic
organisms (they are able to use autotrophic and heterotrophic nutrition – for example,
carnivorous plants).
Autotrophic organisms are able to utilize solar energy and synthesize organic substances
from simple inorganic substances in the photosynthesis process. Mainly plants are included among autotrophic organisms. Their cell structures contain chlorophyll (green dye)
and the chloroplasts (organelles containing chlorophyll), which are required for process
of photosynthesis.

2.2 Photosynthesis
The presence of solar radiation is important for the process of photosynthesis (photosynthetic assimilation), namely visible light (light of wavelength between 400–800nm).
We can say that this process is a necessary condition for the existence of life on our
planet.
In this process, the energy from the Sun is transformed into the energy of chemical bonds
in organic molecules. The energy generated is used by plants for incorporation into carbohydrates, amino acids, etc., which are then formed into proteins, fats, polysaccharides,
and other substances forming the body of the plant.
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As mentioned above, the presence of sunlight, chloroplasts and chlorophyll, carbon dioxide (CO2) and water (H2O) is essential for the photosynthesis process. The product of
photosynthesis is carbohydrates. The chemical equation of photosynthesis can be formulated as follows:
6CO2 + 12H2O → C6H12O6 + 6O2 + 6H2O
Chlorophyll is found in the membrane of chloroplasts stored in the form of large protein
complexes. The primary and secondary processes of photosynthesis take place there.
Primárne procesy
fotosyntézy

Primary processes are called the light phase (photochemical phase). Chlorophyll A allows the energy of the absorbed photon to be converted into chemical energy. At this stage, ATP (energy source for glucose generation) and coenzyme NADPH (hydrogen source)
are formed from the absorbed 2 photons. ATP is formed upon absorption of the first
photon, NADPH of the second. First, photosystem II is activated, where a high energy
electron is generated by means of light energy. This is then transferred to photosystem I.
The released electron from photosystem II is transferred to NADPH and replaced with an
electron from water.

Sekundarne
procesy
fotosyntezy

Secondary processes are also referred to as the synthetic phase (CO2 fixation phase).
These processes, unlike the primary ones, no longer require the presence of light. Therefore, i tis called the dark phase. Carbon dioxide, ATP, NADPH, a substance to which carbon
dioxide binds, specific enzymes and coenzymes are required for this reaction. However,
this phase is not the same for all plants. Accordingly, we divide plants into two main categories: C3 and C4 plants.
The C3 plants: carbon dioxide is attached to an organic compound (ribose 1,5 bisphosphate). These form an intermediate product which breaks down into 2 molecules of acid
(3-phospholyceric acid) having 3 carbon atoms. Acid produces glucose with NADPH and
ATP consumption. These plants are not beneficial to humans because 50% of the produced carbohydrates consume the plants themselves.
The C4 plants: carbon dioxide is attached to phosphoenolpyruvate, which is then converted to oxaloacetate. Compared to C3 plants, they are more suitable for human nutrition
because they form many carbohydrates (e.g. corn) (Križan, 2004).

Faktory
ovplyvňujúce
fotosyntézu
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The process of photosynthesis is influenced by various factors:
• Wavelength of light: red (630–750 nm) and blue-violet (420–450 nm) are the most suitable
light components. Plants use only 2% of light falling on the plant, the rest is reflected.
• Carbon dioxide: A large increase or decrease in its concentration in the atmosphere will
decrease or fully stop the photosynthesis process.
• Temperature: the optimal temperature for photosynthesis is dependent on the type of plant.
The optimum for plants can be considered a temperature of 0–40 °C.
• Water: when it is lacking, the plant closes its vents, preventing carbon dioxide uptake and
slowing down the photosynthesis.
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Heterotrophic organisms need to receive organic substances for the carbon and energy Heterotrophic
source. Unlike autotrophic organisms, they cannot utilize energy from the sun or carbon organisms
dioxide from the air. Heterotrophic organisms generally receive complex organic substances from the environment. In their gastrointestinal tract, mechanical and further chemical decomposition of substances occurs (intracellular – especially protozoa; extracellular – takes place in the cavities and parts of the digestive tract, e.g. in the stomach), in the
presence of enzymes; so that they can be absorbed into body fluids and delivered to their
consumption points, with undigested food left out of the body.
Heterotrophic organisms must also absorb inorganic substances, especially water and
biogenic elements (oxygen, carbon, hydrogen, nitrogen). Most multicellular organisms
process food in individual parts of the digestive system.
In plants, we also distinguish from where the organism draws organic substances. Accordingly, these may be saprophytic (they take organic matter from dead bodies of plants and
animals, e.g. fungi) and parasitic (they take nutrients from a living organism, which we
call host, e.g. mistletoe).

2.3 Seed germination and plant growth
Seed germination can be considered as the beginning of the plant life cycle. Germination begins when the seed soaks in water and then bursts. It always starts with the
growth of roots, which for some time obstructs the growth of the aerial parts of the plant.
Dicotyledonous plants start to grow with 2 germinate leaves (either above or under the
soil surface – e.g. beans, oak), monocotyledonous plants (eg grass) start to grow with one
germination leaf. The germinate leaves differ in shape and size from the genuine leaves of
the plant.
The presence of water, oxygen (respiratory intensity increases with water intake) and Adequate
adequate temperature (temperature minimum, optimum, maximum) is important for temperature
seed germination. The seeds usually do not require light to germinate. However, for some
seeds, e.g. linden tree, tobacco, foxglove the light is important for the germination process.
The composition of the substrate is not important for the germination of the seed, since
the seed has the germination energy stored therein. We should provide a substrate that
will provide the seed with moisture and plenty of air.
Seeds supplied with sufficiency of water begin to swell – the absorption of water by the
seed is fastest at the first contact of the seed with water. When storing seeds, it should be
remembered that after some time they lose their shelf life (even if stored under optimal
conditions).
Seed germination is also largely influenced by soil temperature. As the temperature in
the spring increases, the temperature of the soil also increases, which affects the rate
of germination of the seed. If the seeds are planted out during unsuitable temperature
conditions (i.e. at a temperature lower than the minimum temperature – depending on
the plant type), the seeds will not germinate.
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Tabuľka 1: Najideálnejšia teplota pre klíčenie rôznych semien
(zdroj: http://www.semienka.sk/idealna-teplota-klicenia-semien/)

It is known that seed size affects the rate of germination. Increased germination rates
may be related to more stocks available in large seeds compared to medium or small seeds
(Ekpo, 2004).
Plant growth

Plant growth is a biological process during which a quantitative increase in matter
occurs. For the growth of the plant is important breathing process through which they
obtain the necessary energy. Plant growth is associated with increasing cell volume and
division.
Plant growth is influenced by the following factors:
• Temperature – has an obvious effect on growth. If it increases by 10 degrees, the growth
will be double intensified. We distinguish temperature minimum (growth starts,
approx. 5˚C), optimum (growth is greatest, approx. 25˚C) and maximum (growth stops, approx. 30-37˚C).
• Water – physiological changes (e.g. wilting) are evident on a plant that is found in an
environment with an excess or lack of water.
• Light – plant root growth is not dependent on light. On the contrary, the growth of
above-ground parts of plants is dependent on light. The most active areas of the radiation spectrum that most affect the growth and development of plants are the areas of
red radiation, in particular the wavelengths 660nm (weak red light) and 730 nm (dark
red light) and blue radiation with peaks 370, 450 and 480 nm.
• Substrate – for optimal growth, the plant needs to extract nutrients from the soil (e.g.
nitrogen, phosphorus, potassium, magnesium, calcium, etc.).
• Earth gravitation – causes the branches and stems to bend and grow horizontally.
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• Electricity and magnetism – in plants, electrical potentials are created that affect e.g.
for the distribution of phytohormones and thereby affect the growth and formation of
the plant.
By function we can classify the plant organs into vegetative and generative organs. Ve- Classification
getative organs include root, stem and leaves, these organs ensure the life of the plant. of plant
They provide various functions – nourishing, growth, respiratory, protective, support and body organs
transport.
The generative organs of the plant include flowers, seeds and fruits. Their role is to
ensure the reproduction and conservation of the species. Further, we briefly characterize
the individual plant organs.
• Root – an underground organ. We distinguish the root cap (not found in aquatic plants
and parasites), the skin (protective and absorption function; it covers the root surface,
creates root hairs), the primary cortex and the central cylinder (the complex of tissues).
The root grows in length but also in width.
stredný valec (stele)
lyko
pericykel

drevo
endoderma
prvotná koreňová kôra (cortex)
koreňová pokožka (rizoderma)
diferenciačné pásmo
koreňové vlásky

rastové pásmo
pásmo tvorby buniek
pokožkové bunky

koreňová čiapočka
škrobové zrnká

Pic 92: Root
(Picture source: https://plantcellbiology.masters.grkraj.org)
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We recognize three types of roots – the main root (can grow in some plants up to 1–2 m
in length, it forms the basis of the whole root system), lateral roots (originate only on the
primary growing roots, ensure the uptake of water, oxygen, air humidity) and additional
roots (arise on the stem, or on organs derived from it).

A

B

Pic 93: Primárna a adventívna koreňová sústava
(zdroj: http://www.oskole.sk/?id_cat=55&clanok=2684)

In addition, we distinguish two types of root system, namely primary (allorized) – dominated by the main root, which is divided into numerous lateral roots (gymnosperms and
angiosperms) and adventinous root system (homorise) – composed of the main primary
root and lateral roots which are dominant (monocotyledonous plants).

2

1

3

4

5

a
6

7

8
b

Pic 94: Typy koreňov
[zdroj: Velgosová, Velgosa, 1988 (In Sekerka, Múdry, 2005)]
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• Stem – the radial section of the stem distinguishes the skin (covers the entire surface of
the stem), the primary bark (between the skin and the central cylinder) and the central
cylinder with vascular bundles.
pokožka
primárna kôra
škrobová pošva
pericykel

stržeň

primárne lyko
primárne drevo
kambium

korok
felogén
sekundárne lyko
drevo

Pic 95: Radiálny rez stonkou
(zdroj: http://www.oskole.sk/?id_cat=7&clanok=5040)

According branching we distinguish the fringy stems (fig. A; the main stalk is straight and
longest, the side stems are shorter), pinnate (fig. B; the main stalk stops growing and the
daughter‘s outgrowth it), sympodially (fig. C; main stalk stops its growth and the daughter ones push it sideways and stands in the direction of growth as the main stem, e.g. vine),
and forked (fig. D; splitting of the stem into the forks).

a

b

c

d

Pic 96: Typy stoniek
(Picture source: Velgosová, Velgosa, 1988 (In Sekerka, Múdry, 2005)

In terms of stem shape according to the cross-section, we distinguish cylindrical stems
(fig. A; eg rye), compressed (fig. B; e.g. bluegrass), triangular (fig. C; e.g. bear garlic),
quadrilateral (fig. D; white deadnettle) and grooved (fig. E).

a

b

c

d

e

Pic 97: Tvary stoniek
(Picture source: In Sekerka, Múdry, 2005)
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• Leaf – an organ of limited growth that has photosynthetic, vaporizing and nutritional
functions. On the leaf we recognize the leaf blade (the main part of the leaf, the skin with
vents on the surface, covers and protects the inner mesh of the leaf and directs the light
rays), the stem and the vagina. On the letter we distinguish cheeks and reverse (bifacial
sheet). However, there are also leaves that have the same sides on both sides (eg tulip).
Especially on the leaf of the leaf there is leafy veins (veins and veins). We recognize parallel vein, vertex parallel, feathered, palm and legged vein (Sekerka, Múdry, 2005).

rovnobežná
(lipnicovité)

vrcholovo
súbežná
(konvalinka)

perovitá
(hruška)

dlaňovitá
(javor)

odnožená
(čemerica)

Pic 98: Žilnatina listov
(Picture source: http://www.oskole.sk/wap/index.php?id_cat=7&year=2&new=5039)

According to the outline of the blade we divide the leaves into:
A) single leaf shapes

Pic 99: Tvary nedelených jednoduchých listov
(zdroj: http://www.ta3k.sk/bio/index.php?option=com_content&view=
article&id=96:list&catid=40:rastlinneorgany&Itemid=69)
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B) divided single leaf shapes

perovito laločné

perovito
zárezový

perovito
strihaný

dlaňovito laločné

dlaňovito
zárezový

dlaňovito
strihaný

Pic 100: Tvary delených jednoduchých listov
(zdroj: http://www.oskole.sk/pages/printpage.php?clanok=5039)

C) shapes of folded leaves

nepárno
perovitý

párno
perovitý

striedavo
jarmový

dvakrát
dlaňovito zložený
párno perovitý
3-početný

Pagaštan:
Dlaňovito
zložený list 7-početný

Obrázok 101: Tvary zložených listov
(Picture source: http://www.oskole.sk/pages/printpage.php?clanok=5039)

Pri listoch rozoznávame aj ich uloženie na stonke. Môže ísť o striedavé, protistojné,
krížnoprotistojné a praslenovité postavenie.

striedavé

protistojné

krížnoprotistojné

praslenovité

Obrázok 102: Uloženie listov na stonke
(zdroj: http://www.oskole.sk/pages/printpage.php?clanok=5039)

• Flower – an eruptive sprout of limited growth that is involved in the sexual reproduction of plants. The flower consists of a flower bed (an enlarged part of the main or
side stalk – the flower is differentiated here; there are placed flower covers, stamens
and fruit trees), flower covers (they can be indistinguishable to form a flower) – all the
petals are the same color ( tulip, narcissus) or distinction – calyx – green psoriasis and
crown – colored psoriasis), stamens (male part of the flower, which consists of thread,
pollen and pollen grains) and piston (female part of the flower, distinguishing the testicle, forehead and loved ones).
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Pic 103: Zloženie kvetu
(Picture source: https://k8schoollessons.com/parts-of-a-flower/)

• Fruit – arises from the testicle or the entire piston. Its function is to protect and coat the
eggs while nourishing them. The fruit is divided into flesh (berry – blueberry, stone fruit
– plum, pomiferous fruit – apple tree), dry poppy (bladder – peony, teat – bean, purslane
– horseradish, capsule – primrose) and dry non-cracked (nut – hazel) – dandelion, grain
– cereal), frosting and brittle fruits (biped – carrots, hard – nettle, pastry – fire) and seed
fruits (cone – cones, seed stone – ginkgo).

1 – mechúrik, 2 – tobolka, 3 – struk, 4 – šešuľa, 5 – šešuľka, 6 – puknutá šešuľka, 7 – zobáčikovitý plod,
8 – nažka, 9 – prierez nažky, 10 – zrno, 11 – oriešok, 12a – tvrdka, 12b – prierez tvrdky, 13 – dvojnažka,
14 – bobuľa, 15 – borievka, 16 – jahoda, 17 – prierez jahody, 18 – prierez plodstva maliny, 19 – kôstkovica,
20 – prierez kôstkovice, 21 – prierez malvice, 22 – šípka, 23 – prierez šípky
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Pic 104: Delenie plodov
(zdroj: Velgosová, Velgosa, 1988; In Sekerka a Múdry 2005)
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Fruit Types (seeds black). A–E, succulent indehiscent fruit: A, drupe, 1-seeded (in T.S.); B,
drupe, 5 seeded (in T.S.); C, pome (in L.S.); D, superior berry (in L.S.); E, inferior berry (in
L.S.); F–K, dry dehiscent fruits; F, many-seeded follicle; G, follicle with 2-winged seeds; H,
schizocarp; I, legume or pod; J, lomentum; K, siliqua; L–P, capsules: L, loculicidal capsule;
M, septicidal capsule; N, poricidal casule; O, circumsciss capsule; P, schizocarp capsule;
Q–U, dry indehiscent fruits, with sections showing position of seed: Q, achene from a superior ovary; R, achene from inferior ovary with apical pappus; S, caryopsis; T, nut; U, samara; V–X, aggregate fruits in L.S.: V, rose ‘hip’, individual fruits drupelets; W, strawberry,
individual fruits achenes; X, blackberry, individual fruits drupelets; Y & Z, multiple fruits
in L.S.: Y, syconium or ‘fig’; Z, tsyncarp. Picture source: http://plantnet.rbgsyd.nsw.gov.au
It is a transition to the flowering phase, which begins with the differentiation of the foundations of the flowering organ (Sekerka, Múdry, 2005). In order to start flowering, the
plant needs certain external conditions, namely the appropriate temperature and light.
Some second plants (eg, crops) require the so-called flowering before flowering. winter
cold (temperatures above zero to + 15 ˚C).

Plant transition
from vegetative
to reproductive
phase

The length of day, or the length of daylight, is also important in order to promote flowering. According to it, we can divide the plants into 3 categories:
A) Plants of a long day – flowering in summer when the days are long, e.g. cereals, carrots,
spinach, etc., lower limit 10–14 hours.
B) Plants of a short day – flowering in spring or autumn months when the days are short,
e.g. sunflower, chrysanthemum, soybean, etc., upper limit 10-14 hours.
C) Neutral plants – flowering irrespective of the length of illumination, e.g. corn, nutmeg.

2.4 Water plant system
The water content of the cell is in the range of 60-90% (algae – 96-98%; lichens – 5-7%).
Water in the plant body can occur as bound water, which is important for the plant in
terms of its resistance to drought and low temperatures. This water evaporates more
slowly and freezes as well slower comparing to the free water. Free water (storage water)
is found in vacuoles and intercellular spaces.
The water plant system consists of three parts:

Vodný systém

1. water intake – lower plants (e.g. algae) and water plants (submerged) receive water
through the entire body surface. Higher plants absorb water through the root system.
Water intake by leaves is omissible. Water intake is influenced by e.g. soil temperature
(e.g. thermophilic plants stop water intake at 10 ° C), air permeability (oxygen to carbon dioxide ratio; optimal soil oxygen level is 10–12%), soil water content, soil solution
concentration.
2. transport of water through the plant body – root buoyancy has the highest value in
the afternoon and evening. For the transport of water over longer distances, they are
found in the plants vessels and reels.
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3. water precipitation – most water is passed in the form of water vapor and liquid through the leaves (to a lesser extent the entire surface of the plant). Water dispensing through water vapor is referred to as transpiration and liquid as gutting (displacing water
droplets).

2.5 Transformation of energy in organisms
Living organisms continually require uptake of the energy they obtain from the cleavage of organic substances. The acquisition of energy cannot be considered as its production, but rather as its transformation into a form that the organism can use.
According to the First Thermodynamic Law, energy cannot be lost or generated, nor
can it be created or ceased. It is only possible to transform it from one form of energy and
another. Part of the energy can thus be released as heat (unable to do the job). The rest of
the energy can do the job in the body. The energy of organic substances in animal cells
is converted to ATP – the so-called universal energy carrier.
The animal organism (including man) receives energy preferentially by digesting carbohydrates (60%), fats (about 25% and even more in the case of carbohydrate deficiency) and
proteins (about 15%). This energy is released in catabolic processes of oxidation processes.
Fats may be lacking in the diet for a short time (but not in the long term – due to the solubility of vitamins).

2.6 Value of food
The value of food can be divided into two sub-groups, namely the biological and energy
value of food. Energy and biological values are nutritional value, it means the proportion of food to meet the nutritional needs of the human body. For example carrots have
a high biological but low energy value. By contrast, a sweet lollipop has a high energy but
low biological value (the so-called empty energy).
The energy value of food is the amount of energy that is released by burning nutrients
(proteins, fats, carbohydrates) during digestion. The amount of energy that an organism
can release from food is a physiologically usable energy value. It is given in units of Joule
(J), calories (cal) – older but still used in practice (1 cal = 4,18 J).
1 cal = 4,18 J (Kcal násobte číslom 4,2 a máte hodnotu v kJ)
Príklady: 8 000 kJ = 1 900 kcal
1 600 kJ = 380 kcal
Caloric content:
• Fat: 1 gram = 9 Calories
• Protein: 1 gram = 4 Calories
• Carbohydrates: 1 gram = 4 Calories
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V nasledujúcej tabuľke je uvedená energetická hodnota vybraných potravín (100 g) v kJ:
Table of nutritional values of foodstuffs
100 g food

Proteins/g

Fats/g

Carbohydrates/g

kJ

beef meat
pork meat – lean
calf
chicken
goose
carp
fish fillet
sardines in oil
porkpie
sausages
ham salami

20,8
17,3
21,8
22,5
16
16
16,5
21,2
18
14
16,3

7,8
18,2
3
3,2
33
4,2
0,4
27
24,4
27,7
13,6

0
0
0,5
0
0
0
0
0
0
1,2
0,1

668
992
508
521
1533
445
311
1407
1243
1319
806

half-fat milk
cream – 12 % fat
cream – 33 % fat
yogurt white
kefir
low fat curd
high fat curd
processed cheese
cheese Niva
cheese Brie
cheese Eidam
butter
mayonnaise
eggs (100 g = 2 pcs)

3,2
3,2
2,4
5,7
3,3
19,4
13,7
15,9
19,8
20,2
30,1
0,5
2
13

2
12
33
4,5
3,6
0,3
12
18
26,5
20,2
15
81,1
80
11

4,4
4,2
2,7
9,7
1,7
4,8
2,8
1,2
0,8
1,6
1,8
0,3
3
0

202
567
1306
424
218
437
735
970
1344
1134
1121
3011
3058
655

ointment
bacon
oil
sweet chestnut
almonds
walnuts
poppy seed

0,3
2
0
2,3
18,6
15
19,5

99,3
85,3
98,2
2,7
54,1
64,4
40,8

0
0
0
42,6
19,6
15,6
24,3

3756
3259
3650
857
2482
2726
2104

boiled potatoes
cabbage
kohlrabi
cauliflower
carrot

2
3,3
2,1
2,4
1,1

0,2
0,6
0,2
0,2
0,2

20,1
7,8
6,2
4,9
9,1

370
193
139
118
172

Meat and meat products

Milk and milk products

Fats, nuts

Potatoes, vegetables, mushrooms
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Nutritional value of food must be according to Act no. 152/1995 Codex on foodstuffs
visible on the food packaging. In addition, since 2016, the following should be indicated
on the packaging:

•
•
•
•
•
•

energy value and quantity of fat,
amount of saturated fatty acids,
carbohydrates,
sugars
protein and
salt.

Pic 105: Výživová hodnota potravín

The biological value of food represents the content of nutrients, nutritional factors and
their mutual relationship in food, which ensure the preservation and development of
all physiological functions in the human body.
Makroživiny

In the following text we will focus on the importance of macronutrients (carbohydrates,
fats, proteins) in human food.
V nasledujúcom texte sa zameriame na význam makroživín (sacharidy, tuky, bielkoviny)
v potrave pre človeka.
• Proteins = polypeptides composed of more than 100 amino acid residues linked by
a peptide bond – specifically spatially arranged. Their daily intake should be 0.75g per
kg of human weight for 24 hours. In childhood, pregnancy, breastfeeding, high physical activity and convalescence, their intake should be increased to 2.5 g. They perform
a wide range of tasks in the body – from tissue construction, through defense of the
organism to coding of genetic information. Thanks to their complex structure, they
enable them to perform a wide range of tasks in the body, from tissue construction
through nutrient transport to encoding genetic information. Important sources of protein are meat (especially beef), eggs, milk and dairy products, but also soya.
• Fats – organic compounds composed of glycerol and higher carboxylic acids (so-called fatty acids). Fats make up about 30% of the body‘s energy needs. They are an essential component of each cellular structure (including nerve cells). They are also an
important energy reserve of the organism. Without a certain proportion of fat reserves,
women would not start a menstrual cycle. They also provide mechanical and thermal
protection of the organism. Their presence in the diet is also important because of the
solubility of some vitamins (A, D, E, K). The sources of polyunsaturated fatty acids are
mainly walnuts, sunflower, sesame, flax and pumpkin seeds and sea fish (salmon, tuna,
mackerel).
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• Carbohydrates – organic compounds that consist of oxygen, hydrogen and carbon.
The daily intake of carbohydrates should be in an average of 200-500g. Overall, they
represent approximately 0.3-1% of the human body weight. They cover up to 60% of
energy needs, with carbohydrate energy being used first. We recognize monosaccharides (glucose, fructose and galactose), oligosaccharides (consisting of 2-10 carbohydrate units, e.g. sucrose, maltose, lactose) and polysaccharides (more than 10 carbohydrate
units, e.g. starch). In excess, carbohydrates are stored (eg in the form of glycogen).
Monosaccharides and disaccharides (simple carbohydrates) are simple carbohydrates
(mono- and disaccharides) that serve as a fast energy source (but they cannot feed
a person for a long time – so-called fast carbohydrates). Foods are referred to as sugars
and are particularly glucose, fructose and sucrose.
Vitamins are organic substances important for living even we need them (comparing Vitamins
to macronutrients) in minimal amounts. They are not formed in the animal organism
(or only inadequately). Their importance in the human body is mainly in terms of energy
management and tissue construction. We know about 20 vitamins, of which 15 are important for humans.
A) Fat soluble vitamins – A, D, E, K
B) Water soluble vitamins – e.g. B1 thiamine, B2 riboflavin, H biotin, B12, etc.
In addition to energy metabolism, we distinguish basal (basic) metabolism, which means Basal
the least amount of energy necessary to maintain vital functions (breathing, digestion, metabolism
regulation of body temperature, etc.) with complete physical and mental peace, without
movement, in sleep. It is clear from this that a person needs a certain amount of energy
to provide vital functions even in complete peace (e.g. during sleep).
Basal metabolism and its level are influenced by factors such as:
• Gender – men have higher BM (+ 5–7%).
• Age – decreases with age (decrease by approx. 2% in 10 years), child between 6 and
12 years of age uses 50% of energy for basal metabolism.
• Body surface – the direct proportion of the body surface to the level of metabolism; also
associated with thermoregulation / heat loss.
• Hormonal status, for example during stress the hormone adrenaline increases metabolism.
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The total energy expenditure of an average adult over a day, including basal metabolism,
can be illustrated as follows:

Pic 106: Výdaj energie dospelého človeka v priebehu dňa

As can be seen from the graph, most of the energy is consumed during the day for basal
metabolism. The second highest value of energy consumption is related to movement,
i. physical activity that consumes 25-30% of energy. Part of the energy (approx. 8%) is used
for the “production” of heat within the framework of thermoregulation (during the winter period one tends to take more caloric meals or increase their amount). Approximately
7% is accounted for specific-dynamic effect of food, which represents the energy spent on
processes such as digestion, absorption of nutrients, their transport and utilization in cells.

2.7 Respiration
In obtaining energy for life, it is also important to clarify the respiration process. Both
the autotrophic and heterotrophic organisms in the process of respiration in the mitochondria of the cells acquire the energy in the usable form required for their own
metabolism, movement, growth, etc.. It is a catabolic reaction in which energy is converted from received organic substances into energy-rich bonds (e.g. ATP).
Energy can be released from organic matter in two ways:
1. by anaerobic process: does not require oxygen.
2. by aerobic process: in the presence of oxygen.
Dýchanie
rastlín
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Plant respiration – transforms light energy into the energy of chemical bonds in organic compounds (e.g. starch or glucose). To obtain energy from these compounds, a plant
must decompose chemical bonds. This release of accumulated energy does not take place
at the same time, but proceeds gradually through a series of reactions in the process of
disimilization. Thus, respiration is a complex of catabolic processes by which a plant
releases energy from organic compounds. This energy is consumed in synthetic processes, nutrient uptake, growth and the like. In the process of recovering energy from
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organic compounds, plants use oxygen, with the end product being ATP, carbon dioxide
and water:
C6H12O6 + 6O2→ 6 CO2 + 6 H2O + 2820 kJ
The breathing process requires the presence of oxygen, which the plant receives through
the entire body surface.
Respiration of animals – during respiration process there is a gas exchange between Respiration
the organism and the environment (oxygen uptake and transfer of carbon dioxide). But of animals
why is respiration important? Oxygen is an essential part of biochemical processes that
provide essential vital functions. During the metabolism (oxidation), carbon dioxide is
produced in the cells as a waste product.
The process of respiration in animals varies depending on the particular species and the
degree of its development. Oxygen can be absorbed either by the entire body surface
(earthworm) or by the respiratory organs (air bladders – insects, pulmonary sacs – spiders, gills – fish, lungs – terrestrial vertebrates including humans).

2.8 Relationships between organisms in ecosystem – food (trophic) chains
The basic feature of living organisms is (among other things) the constant transformation of energy, matter and information, which takes place in the so-called ecosystems
(basic functional unit of living nature, consisting of organic and inorganic matter). Each
ecosystem consists of three groups of organisms:
1. PRODUCERS – especially green plants that convert energy from solar radiation into
energy of organic bonds in the process of photosynthesis – are the primary producers
of organic matter in the ecosystem.
2. CONSUMERS – part of the organic substances that produce green plants represents
food for heterotrophic organisms (animals). Some consumers represent food for other
consumers and those for other (higher) – this is how food chain is formed. According
to the position of consumers in the food chains we distinguish between:
– Herbivores – first order consumers who feed on plant food;
– Carnivore and omnivore – higher order consumers. Carnivores include beasts –
predators. Omnivores feed on both plant and animal food (e.g. humans).
3. REDUCENTS – decompose dead bodies of plants and animals into inorganic substances. We include saprophytic organisms (fungi, bacteria) that close the circulation of
substances in the ecosystem.

299

I – S.K.Y.P.E. Methodical Handbook for Teachers
8. Organisms require a supply of energy and materials for ...

Konzument I.
rádu

Konzument
II. rádu

voda

tráva

Producent

Rozkladače

Konzument
III. rádu

Finálny konzument

Pic 107: Potravový reťazec
(zdroj: https://www.quora.com/What-is-the-proper-layout-of-a-food-chain)

The energy cycle in the ecosystem consists of the uptake of nutrients in inorganic form
by plants (in the form of ions dissolved in water) and their subsequent storage in biomass. Through the food chain, the elements enter the soil – through dead plant and
animal bodies and their excrements, where reducers (decomposers) enter this cycle. Their
task is to break down these residues down to inorganic substances that take up plants
through the root systems. As part of this decomposition, some elements may also enter
the atmosphere (eg sulfur and nitrogen).
Composting

It is a process of oxidation of organic substances, which includes their mineralization,
especially with the participation of bacteria, saprophages (a heterotrophic organism that
extracts energy from organic substances of dead organisms), microorganisms and fungi.
Mushrooms have been involved in recycling for about 400 million years. Unlike bacteria, fungi remain metabolically active during the winter (for example, they can “moldy”
bread in the freezer). Any bio-waste can be used in the compost. However, waste from
animal production is not recommended for (inter alia) hygiene reasons for composting.
Humidity and ambient temperature and air access (an aerobic process) are important
for composting. A suitable humidity is in the range of 45–60%, no more, as the compost
starts to rot. At lower humidity, the process slows down. The optimum temperature is in the
range of 40–65 °C. A temperature of 50 °C is required to destroy pathogens. The compost
is stored either in a container (wood, concrete, stone, etc.) or in a so-called graves (stacks).
Suitable composting wastes include garden waste (mown grass, fallen fruit, withered
flowers), kitchens (plant food residues – scales, cuttings, etc.) and biological waste from
livestock farming (herbivores). The compost should not be put arbitrarily – the principle
of mixing nitrogenous raw materials (soft, fleshy, green – e.g. plant cuttings) with carbon
(hard, firm, dark – e.g. dry leaves, sawdust) applies. The optimum ratio is about 35: 1 (C:
N), while it is important to mix the ingredients.
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There are two stages in composting:
– Oxidation stage (consumption of O2 and organic matter; formation of CO2 and NH3) –
bacteria and fungi degrade simple carbohydrates, amino acids and proteins, increasing
temperature. Microorganisms degrade lipids and complex carbohydrates. At the same
time, pathogens are destroyed and temperature is reduced again.
– Ageing stage: humification occurs – a product with a lower carbon to nitrogen ratio
is produced.
In terms of the use of living or dead organic matter we recognize two basic kinds of a food Food chains
chain:
Grazing food chain, starting with organic matter created by autotrophic plants. This type
of food chain starts from the living green plants goes to grazing herbivores, and on to
carnivores. Ecosystems with such type of food chain are directly dependent on an influx
of solar radiation. This type of chain thus depends on autotrophic energy capture and the
movement of this captured energy to herbivores. Most of the ecosystems in nature follow
this type of food chain. The phytoplankton →zooplankton →fish sequence or the grasses
→rabbit →fox sequences are the examples, of grazing food chain.
Detritus food chain, which is formed by reducers. The decomposition product of one
group of decomposers becomes a substrate for another group of decomposers, resulting
in mineralization of dead bodies. This type of food chain goes from dead organic matter
into mi¬croorganisms and then to organisms feeding on detritus (detrivores) and their
predators. Such ecosystems are thus less dependent on direct solar energy. These depend
chiefly on the influx of organic matter produced in another system. For example, such type
of food chain operates in the decomposing accumulated litter in a temperate forest.
An animal that feeds on only one kind of food and cannot take another kind of food
is referred to as a monophage (e.g. silkworm caterpillars feed only on mulberry leaves).
Conversely, an animal that can also accept another kind of food is called a polyphage.
Živočích, ktorý sa živí len jedným druhom potravy a nemôže prijať iný druh potravy
sa označuje ako monofág (napr. húsenica priadky morušovej sa živí len listami moruše).
Naopak živočích, ktorý môže prijať aj iný druh potravy sa označuje ako polyfág.
Relations between animals may be:
A) indifferent (so called neutralism) – species (populations – individuals of one species
that share a common opinion at the same time) are independent of each other;

Vzťahy medzi
živočíchmi

B) negative, which may be of varying intensity:
– competition – populations compete for space or food source;
– parasitism – a parasite (one population) lives at the expense of a host (another population). Ectoparasite lives on the body surface of another animal and the endoparasite lives inside the body of another animal;
– predation – one population feeds on the other (predator-prey);
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C) positive – populations are mutually beneficial:
– commensalism – free coexistence of populations, e.g. large beasts and vultures that
feed on their prey;
– mutualism – a more solid form of coexistence; e.g. nitrogenous bacteria form tubers on the roots of bean plants where they live. Bacteria provide plants with a useful form of nitrogen;
– symbiosis – the strongest form of coexistence, e.g. lichens (fungus + algae or cyanobacteria).

2.9 Interdependence of organisms
In addition to providing energy within the food chain, the relationship of organisms also
manifests in the level of coexistence, respectively mutual use of organisms not only in the
form of food, but also in the way of their life. Plants and animals interact with each other
in the environment. They also interact with the environment itself.
Plants

Plants represent a source of oxygen (in the process of photosynthesis) and a source of
energy for first order consumers. In addition, they provide an animal environment that
is a shelter for them. They also provide building material for building shelters (eg, a nest of
birds), providing protection during hot or windy days. The roots of the plants strengthen
the ground surface, preventing soil erosion.
People use plants for different purposes. Their primary use is as a food source. Furthermore, plants provide material for the manufacture of fabrics from which clothing and
footwear are made. Plants are further use in the form of fuel – wood, coal, gases, etc.
Plants are also used by people to produce dyes, medicines and cosmetics.
Fruits and vegetables in which seeds can be found are the primary source of plant food.
However, in this case, not all fruits and vegetables we consume are classified as fruits. In
some cases it may be the root (e.g. carrots, parsley, horseradish, chickpeas), coarse leaves
(e.g. garlic bulbs) ), coarse stems (e.g. kohlrabi), tubers (e.g. potato), leaves (spinach).

Rastliny
vs. živočíchy

Plants need animals to help spread the seeds. The seeds can be found inside the fruit.
The fruits have bright colors that attract animals such as birds and mammals. In addition, they contain the necessary nutrients. After the fruit has been eaten, the seeds will be
scattered by peeling them from the fruit, eating the flesh and discarding the seed. Some
fruits are consumed by the animal along with the seed, which is then distributed through
the feces. Some animals (e.g. squirrels) keep food for winter. Every seed forgotten by the
animal has the opportunity to germinate.
Some fruits and seeds have special mechanisms (bristles, hooks) that allow them to attach
to the animal‘s hair and so they can be transported to new places. Another aid for plants
includes insect pollination of flowers, e.g. bees. Earthworms, in turn, aerate the soil so
that the roots of plants can get oxygen better.
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3. METHODICAL GUIDE FOR TEACHERS
3.1 Working with ideas about living organisms
The following tasks are aimed at developing ideas about life of plants, animals and humans. Through these tasks, pupils realize that every living organism needs energy for its
existence, which everyone obtains in a certain way.
In the first tasks, pupils become familiar with what the plant needs for their growth, while
pupils should distinguish between germination and growth. Subsequently, the tasks focus on animals and their livelihoods. In human-centered tasks, pupils become acquainted
with the energy value of food and how to identify it.

Task 1
Materials and tools for a working group:
• seeds, soil, water, black cloth, 3dcl plastic cups, tray, plastic spoons, sticky paper to
mark the cups (or a black, non-washable marker to mark the variable under study on
the plastic cups)
The teacher can start an activity by explanation that he wanted to plant tomatoes on the
balcony at home. But when he bought seeds in the store to plant them at home, he didn‘t
know what he needed and how to proceed. He then discusses what pupils would advise –
the pupils suggest the procedure, as well as the necessary tools and the material they need.
The teacher also asks them: Does the seed need soil to germinate? Can we put it in another
material? What e.g. into the sand? Or cotton wool? Do you think the seeds will need light?
Or does it germinate in dark? In this way, teacher tries to identify pupils‘ ideas of seed
germination. At the same time, he does not evaluate or comment on ideas.
Once the predictions have been made, the teacher asks the pupils to think about how they
could verify their predictions. If they want to find out what the seed needs to germinate,
they need to change only one variable (e.g. presence of water, while other conditions such
as light and temperature are the same – task 1b). If they were to change several variables
at once, they would not be able to evaluate at the end what caused the seed (not) to germinate.
Therefore, it is necessary to prepare several cups to plant the seeds and mark the investigated variable on it. As pupils do not work on the result immediately in lessons, it is
recommended to label the containers according to the examined variable so that they do
not mix over time.
Similarly, when checking the predictions, the teacher makes sure that the pupils change
only one variable at a time, while the other conditions do not change. We recommend
planting more than one seed at a time (the seed may be old or damaged). After verifying,
pupils evaluate their findings and draw conclusions. Pupils will find that the seed needs
303

I – S.K.Y.P.E. Methodical Handbook for Teachers
8. Organisms require a supply of energy and materials for ...

water, heat and air to germinate (light is not needed). However, the study of variable air
is complicated because it is impossible to ensure air-free conditions (even if we place an
overflow into a bag or a sealable container, for example, air will still be present). For this
reason, the teacher can supplement this information and discuss it with the pupils.
The teacher discuss with pupils know quality of water they will use: hot, room temperature, iced, salty, sweet, mixed with vinegar, etc. Pupils can also propose change of the
substrate in which the seed is planted – sand, gravel, stones, cotton wool. Of course, other
conditions important for seed germination should be ensured. E.g. if we change the substrate, we regularly water the seed and keep it at a temperature at which it germinated in
the first task.

Task 2
Materials and tools for a working group:
• different kinds of seeds (different size, shape, color), soil, water, 3 dcl plastic cups, plastic spoon, tray, sticky paper to mark the cups (or a black, non-washable marker to mark
the variable under study on the plastic cups)
In this task, students will examine whether seed size depends on how quickly seeds germinate. Together with the pupils, the teacher recapitulates the findings of the previous task,
thus what the seed needs to germinate.
He discusses with the pupils whether they think that the size of the seed can affect the rate
of its germination. The task will be to arrange the seeds listed in the worksheets, according
to germination rate. If pupils think some of the seeds will germinate the same quickly they
mark them with the same number. Before making the predictions, it is suitable that pupils
have seeds available, i. so that they can realistically compare their size. The teacher should
select those seeds that are of different size (e.g. large bean seeds, small tomato seeds).
Once the predictions have been made, the teacher discusses with pupils, requesting for justification of the predictions. Further, they verify their predictions by using the knowledge
of the previous task (to ensure the most suitable conditions). Also in this case it is necessary to plant more seeds of the same kind (not just one).
The teacher should also go through the verification method with the pupils; which means
that some seed germinated earlier – e.g. it is enough if a radicle has appeared at the seed.
In this case, it would be useful if the seeds were left to lie freely e.g. on cotton. If the seed
is covered with soil, the first indicator of germination will be the emerging cotyledon (s)
above the soil.
After verifying the predictions, pupils evaluate their findings, compare them with the predictions and draw a conclusion. In addition to seed size, pupils can further explore how
and whether the shape or color of the seed influences germination rate.
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Task 3
Materials and tools for a working group:
• any type of plant (each group should have the same species, e.g. tomato), crayons
(or camera), ruler
This task aims to explore what the plant needs for its growth. Students also understand the
difference between germination and plant growth, respectively that these are two different
processes. The teacher first discusses with them the findings of the previous task. They are
then asked if they think that the plant will need the same conditions for its growth as for
the germination process of its seed.
After the discussion, the pupils write down their predictions, and the teacher also asks
them to justify them (by their own experience or prior knowledge). The table indicates the
conditions to be examined and also their predictions whether or not the plant will grow
under the set conditions. Also in this task, they need to handle only one variable at a time.
In this way, the pupils are led to objectively establish the facts. Each pair / group can investigate a different variable (light, water, heat, soil). Pupils measure the height of the plant
before influencing (above the table) and after influencing (last column).
Finally, they can also work with these data to evaluate whether any of the investigated
conditions had an impact on plant growth. Although only one variable is always changing,
pupils should always mark them in the table at each observation.
In order to verify the growth conditions, pupils can use the plants shoots from the previous task or to plant new seeds. It is also important to clarify with pupils before carrying
out the verification, what does it mean that some of the conditions are not suitable for the
plant. If any of the conditions is not suitable, the plant will gradually fade, or begin to lose
leaves, change color, etc.
We advise to take a picture of the plant, or to draw it before influencing and after changing
the conditions. It is preferable to leave the plant under changed conditions for an extended
period of time (e.g. 5-7 days). The teacher can also encourage pupils to suggest how they
can measure the growth of a plant – they can use universal scales (e.g. a ruler) or they can
create their own (e.g. using a string).
At the end, the pupils, together with the teacher, evaluate their findings and conclude what
they have learned, thus to indicate the most suitable conditions for plant growth. The teacher can further expand the investigation by examining whether the conditions that were
most suitable for the plant under study were applicable to each plant, thus whether or not
each plant needs the same conditions for grooving.
Pupils discover that light is important to plant growth (in contrary to germination process
where light is not inevitable condition for the germination process). Pupils can further
investigate whether the color of light will affect plant growth. Pupils create simple greenhouses (e.g. from shoe boxes and colored foils) and examine whether the color of light
affects plant growth.
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Task 4a
Materials and tools for a working group:
• cultivated plant from the previous task (e.g. tomato), ruler, crayons, magnifier
Once pupils have found out what conditions need to be ensured for germination and plant
growth, in the next activity they focus on growth – what changes can be observed on the
plant as it grows on its above-ground parts (stem, leaves) at different time periods (flower
and fruit formation).
The task of pupils will be to monitor the height of plants and a number of other features
listed in the worksheets. This is a longer-term observation during which pupils collect,
analyze and draw conclusions. Before starting the observation, the teacher discusses with
the pupils what changes they predict will occur on the plant during its growth.
Pupils write down their predictions, or they can help themselves by drawing a sketch. The
teacher also discusses with them the function of particular organs of the plant (root, stem,
leaf, flower).
In the following period of time, pupils will observe how the plant grows, recording their
findings on a daily observation sheet (each pupil has his/her own sheet). Each group should have its own plant for observation, which they will take care of (suitable conditions for
plant growth have been examined in the previous role).
On the agreed day of the week, the group records in the observation sheets the number of
leaves and sprouts on the plant, and measuring plant height (stems). In addition, the teacher draws their attention to the change on the leaves – their size, shape change, distance
from each other, etc. If necessary, the teacher adds the number of rows in the observation
sheet.
In order to record changes observed on the plant, it is appropriate if pupils draw (sketch)
the plant at the beginning of the observation. The observed changes can then be further
added directly into this sketch and thus pupils can better record the growth of the plant.
At the end of the observation, students should answer the following questions: Does the
plant still produce new leaves? How do the leaves change during plant growth? How does
the plant stem change? Does the plant produce flowers? Which part of the plant has changed most during its growth?
In this way, pupils learn how to read information from the data they have acquired and
noted into the table. The teacher can continue this activity by comparing different plants
and their parts – do all plants have the same stems? What shape can they have? What
leaves do plants have? Do they consist of several parts? What is the edge of the leaves –
smooth or serrated? Etc. In this way, they can explore the diversity of plant body building.
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Task 4 b
Materials and tools for a working group:
• magnifying glass, flower, white paper (e.g. 1pc of office paper)
The teacher starts the activity by discussing with the pupils about flowers – what is their
function? Why are they created on the plant? What are they made of? What is their construction inside? Further, he provides pupils with magnifiers. Their task will be to examine
the construction of a flower (they can get samples from the school yard). They do not
observe flowers directly on the plant, but carefully remove it from the plant and observe
the flower on a table on white background (sheet of paper). Pupils will try to draw a flower
and name the individual parts. Teacher helps to name the parts correctly, if needed.
The teacher presents flowers of different types of plants. Subsequently, pupils can compare
the flowers and write down common and different features. It thus makes it clear to the
pupils of the variety of flowers. After observation, the teacher presents (on the Internet or
in an encyclopedia) how a fruit is developed out of a flower. Pupils should be familiarized
with function of the flower on the plant as well as the process of developing the fruit from
the flower (flower → fruit). They should also know that there are seeds in the fruit.

Task 4c
Materials and tools for a working group:
• plant sample with a root, magnifier, white paper (e.g. 1pc of office paper), plastic spoons,
3dcl plastic cup, encyclopedia (or internet)
In this task, pupils investigate plant roots. The teacher first discuss with pupils about the
root function and how it looks like. The task for the pupils will be to observe roots of different plants. In the school yard, the pupils and the teacher dig various plants including the
roots (they should be careful not to damage the roots when digging) – preferably different
weeds (grass, grass, bud, etc.), taking note of the place, where plant grew. In addition to the
plants, pupils take also a soil sample (about 3dcl cup). We suggest to choose plants from
different habitats (where there is very dry soil, more fertile soil, steeper soil, etc.).
Pupils will bring out of clay cleaned plants to the class where they focus on the construction of the roots. Each group takes one plant, name it using encyclopedia possibly with the
help of a teacher. They write down the title in their worksheet. They observe roots using
a magnifying glass. At the same time, the teacher asks the students to draw their attention
to the details – what do the roots of the plant look like? Are they equally long and thick?
Could you determine which is the main root? What color is it? They are located on the
roots of the so-called root hair? Are they on all roots? If so, are they the same everywhere?
If not, where are they located and not?
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In the second part of the table, pupils describe the soil they brought with the observed
plant. The teacher again draws the attention to the details by asking questions, thus encouraging the development of the ability to observe – what did the land look like? What
color was it? Has there been many/few stones? Was it dry?
After observing the roots, each group presents its findings. The roots of the observed
plants are compared to the soil composition the plant grew in. At the end of the activity,
they will conclude their investigation.

Task 5
Materials and tools for a working group:
• pictures of plants (for the whole class), fruits and vegetables (apple, grapes, carrots,
peppers, tomatoes, onions, broccoli), knife (or teacher prepares pre-cut fruit and vegetables samples), plastic plates
At the beginning, the teacher will show the pupils different pictures of the plants and they
discuss following questions: Which ones provide us with food? Which parts of the plants
can be consumed? Do animals consume parts other than humans? The teacher directs
the discussion towards the fruits and highlights the fact that the fruits contain seeds. In
this activity, pupils investigate where the seeds come from. The task of the pupils will be
to identify the different parts of the plants that one consumes and to determine whether
they contain seeds. Based on this, pupils can identify whether it is a fruit or other part of
the plant.
Pupils first write down their predictions about fruits and vegetables listed in the worksheet
– their job is to determine whether they contain seeds or not. The teacher discusses with
pupils about their predictions. Further they verify the predictions by observing particular
fruit / vegetables. We recommend using real vegetables and fruits. The aim of the activity
is not to identify whether it is a vegetable or a fruit, but that a person consumes different
parts of a plant and it is not always a fruit.
If pupils did not find seeds in particular fruits/vegetables, they try to identify (searching
online if needed) what part of the plant it is (e.g. broccoli = flower; carrot = root, etc.). At
the end pupils use the encyclopedia or the Internet to search for different kinds of vegetables.
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Task 6
In the seventh task, pupils investigate nutrition of tiny animals they can find in the school
yard. Pupils can focus on a particular species in its natural environment (e.g., ants), or
bring insects into the classroom.

Task 6a
Materials and tools for a working group:
• crumbs of bread, dead fly, honey
If there is an anthill around the school, pupils can explore what the ants do in their natural
environment. The teacher discusses the topic with the pupils in the classroom first, while
the pupils write down their predictions. Pupils should propose at least three types of food
that will be attractive for ants and 3 that ants will not be interested in. If the pupils could
not suggest anything, the teacher can propose own suggestions (e.g. larger crumb of bread,
dead fly, honey).
It is suitable to observe ants in their natural environment before verifying the proposed
types of food. Pupils can observe what e.g. ants are bringing to the anthill. In addition,
they can also focus on the anthill itself – what it consists of, what ants used to build it of,
etc. This way, the pupils could recognize the relationship between animals and plants, and
pupils can also distinguish between items ants carry to the anthill for anthill construction
and for food.
Pupils map what ants naturally carry to the anthill. Further they place near the anthill
(about 1.5 m – outside the „sidewalk“ of ants) the food they want to investigate. Individual food samples should be about 20-30cm apart. If the teacher is limited in time, they
can place food samples near their path. The pupils will then observe which food sample is
most attractive for ants.
They record their findings and compare them with the predictions. In a case pupils cannot stay outside on the place to observe the food samples for longer time, they can create
bigger pieces of the food samples, so the ants cannot carry them into the anthill at once. In
a few hours, however, they can observe which sample contains the most ants.
In the classroom, the teacher and pupils compare their predictions with the findings. The
activity can continue with investigation whether ants are interesting food source for other
animals. Again, the first they make predictions and verify them using secondary sources.
Once verified, they can establish a food chain based on their findings.
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Task 6b
Materials and tools for a working group:
• jar with lid, white bed sheet (for the whole class is enough 1pc), eventually insect nets,
transparent containers, magnifiers, secondary sources (encyclopedia, internet), various
kinds of food
The teacher can start the activity at the school yard: pupils are asked where they would
find the most insects in the school yard and why they think so. They verify it (if possible).
If they find insects in the marked places, they try to catch it with the help of the teacher
into jars. The teacher should first advise the pupils how they should handle the insects so
that they do not hurt them. If they have a problem finding or catching an insect, the teacher can use a white bed sheet and place it under a tree or shrub. Then he gently shakes
the shrub or tree and observes with the pupils the insects that appear on the sheet. Pupils
trap the fallen insects into jars that have been prepared to catch the insects (e.g. a jar with
a lid). Insect nets can be also used. Teacher can construct them with help of pupils using
for example an old tennis or badminton racket and fine fabric (the best is with small eyes,
about 0.5 -1mm).
The trapped insects are brought into a class where pupils try to identify it. Optionally
they can be focused on trapping only those insects they can immediately identify (e.g.
ladybirds, ants, grasshoppers, winged figures, ants, etc.). They write down the name of
the trapped insects (left column). The ideal number of insects to investigate is 5-6 pieces.
Other insects can be released back to the school yard.
After marking the pictures of the captured insects on the worksheets, the teacher asks the
pupils to mark their predictions about what each insect species feeds on. Once the pupils
predictions have been recorded, the teacher also asks them to justify them, thus preventing pupils from just guessing their assumptions, while stimulating pupils‘ thinking of the
problem being examined.
In addition, pupils should suggest a possible way of verifying their predictions. Each
trapped insect should be placed in its own jar (preferably transparent so that pupils can
observe it in detail). If all the insects were left in one jar until the next day, it could happen
that the individual species will be attacked or consumed. If the teacher and pupils wanted
to explore this site (insect food chain), the insects would have to be monitored for a long
time. Subsequently, they will put the proposed types of food (one at a time) into the jars.
The task of the pupils will be to observe how the insects react to the food, whether it will
consume it or if it is not attractive to it at all. It is advisable for pupils to have a magnifying
glass available for detailed observation – the teacher asks the pupils questions – how do
you know that the insect consumes food? What‘s he doing to her? Is he noticing it now or
after some time? In this way, it draws the pupils‘ attention to the details examined.
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After verifying the predictions, the teacher repeats what was the goal of their examination,
i. what kind of food the insects feed on. In addition, it may also ask about the way of consumption. Pupils should draw conclusions from their findings based on their findings. In
addition to captured insects in the yard, they can focus on, for example, comparing the
diet of the butterfly in its individual stages (caterpillar, butterfly). Pupils can compare the
difference between caterpillar and butterfly food.

Task 7
Materials and tools for a working group:
• worksheets
In this task, pupils focus on exploring where one takes energy, respectively, whether he takes energy from the sun, just like plants. Due to more suitable conditions for a verification
process, we recommend to carry out the activity in spring / summer months.
At the beginning, the teacher gives pupils worksheets with a picture of concept cartoons ©
called Sunbathing. The task of the pupils will be to think about the statement. Finally they
should agree with one of them and justify their choice. If they disagree with all statement,
they can create their own. The teacher discusses the particular statements with the pupils
and asks them to justify why and on what basis they (dis) agree with which statement:
What do you think about the statements of the characters shown in the picture? Do you
agree with them? If yes / no, why? Which statement do you think is right / wrong? Why?
They may indicate their predictions by indicating the person in the image they agree with.
After making the predictions, the teacher asks the pupils to think out how they could verify their choices (statements).

Podľa mňa máme menej energie, pretože
sa mi chce spať, keď sa opaľujem.
Keď sa opaľujeme,
tak máme viac energie
zo Slnka.

Rastliny majú energiu
zo Slnka, ale nie my.

Pic 108: Opaľovanie
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When sunbathing, we cannot use the energy from the sun as plants do. The sun raises the
temperature of our skin. Our body responds to this by starting to sweat more to cool the
body. One needs to receive energy from food.
The situation can be verified by staying in the direct sun. Raising the skin temperature can
be felt by the pupils themselves. If they stayed in the sun for a long time, another effect is
a change in skin color – tan.

Task 8
Materials and tools for a working group:
• different food packaging
The activity focuses on what kind of information can be found on the food packaging. At
the beginning of the lesson, the teacher can discuss with pupils whether they have noticed
that some people in the shops „study“ labels on food packaging. Through the interview, he
finds out why they think people do it, whether they (or their parents) are reading the food
packages and what they can find on the food packaging. Subsequently, the teacher distributes the various products to the groups and asks pupils to study what is on the packaging.
He will provide each group with at least 2-3 products so that pupils can compare them.
What do they have in common? What makes them different? What is on each package?
What can you learn from the packaging?
They write down what they have observed. The teacher discusses their findings. The common information we can find on each food package are as follows: food name, weight,
composition, nutrition information, manufacturer information, etc. They differ in packaging – its materials and sizes. Of course, they also differ in the composition itself, with
the basic ingredients of food being proteins, carbohydrates and fats, which we call macronutrients. To put it simply, proteins are building materials, they provide „body building“,
carbohydrates supply us with energy important for movement and thinking. The role of
fats is very complex – they are also a source of energy for the body (they are much richer in
energy than carbohydrates), but their presence in the body ensures and conditions many
other processes in the body (eg some vitamins dissolve in fats, fiber, etc.)
After identifying the information on the packaging, each group retains one product and
searches for specific information on the packaging:
•
•
•
•
•
•
•
312

product name,
packing weight,
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how much carbohydrates, fats, proteins it contains,
vitamin content,
salt content.
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At the end, they compare each item/food. The teacher discusses with the pupils why it is
important to know the information (e.g. to find out the expiration date, the energy value
of the food, the composition of the food, etc.). Students will become more skillful in searching for important consumer information of different products.

Task 9
Materials and tools for a working group:
• empty packages of various food and beverages (see worksheet)
This activity is aimed at examining the energy value of food. The aim is not to explain the
individual nutrients to the pupils, but to make them aware that each food provides us with
a certain amount of energy.
At the beginning, the teacher asks pupils where one takes energy. The teacher then discusses topic of food with the pupils while paying appropriate attention to question why it is
important to us. He writes the pupils‘ answers on a blackboard. Subsequently, the teacher
will show the pupils pictures of various foods (waffles, cheese, oatmeal, nuts, chocolate,
etc.). The task of the pupils will be to think about which food will give us the most energy.
They write down their predictions and then discuss them together.
After the discussion, the teacher asks the pupils how they could find out how much energy
we get from each food. Pupils can consult their group predictions and then suggest (write
/ draw) how they can verify their predictions.
Pupils present their proposals and, if possible, implement them. The teacher should ensure that pupils‘ suggestions determine exactly what they want to find out, and it has to
be appropriately objective measurement. If the pupils have a problem with this step, the
teacher will distribute the products to them (it is sufficient if they give them empty packaging). He will invite them to properly inspect the packaging and try again to propose
a way to verify their predictions. He draws the pupils´ attention to a table on the packaging
that provides nutritional information.
Each table of this kind contains data on macronutrients and vitamin content. In this activity, they focus only on the energy value of the food, which is indicated on the packaging
in kJ and kcal. It is up to the teacher to determine the value (kcal is recommended). The
pupils will note that this value is 100 g of food. Before determining the energy value of
these foods, it is advisable for pupils to weigh 100 g of each food. This step is important for
pupils to realize how much food has the indicated energy value.
The aim of the activity is to make the pupils realize that every food provides us with the
energy that we can detect through food packaging. Subsequently, the pupils record the
energy shown on the packaging in simple graphs in the worksheet. On the basis of these,
they organize the foods according to the amount of energy they provide and compare the
findings with the predictions.
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Beverages may be used in a similar manner. Pupils can explore how much energy unsweetened mineral water, ice tea, cola drink, juice, etc. provides us. The aim is to realize that
one also gets energy from various drinks, not just from food.

Task 10
Materials and tools for a working group:
• kitchen scales, tray, cutlery table knife, various kinds of food (beverages), calculator
This activity is directly related to the previous one. Its aim is to realize that every organism
cannot take as much food as it wants. The task will be to find out how much of particular
foods they could consume per day to cover energy demand. At the beginning, the teacher
shows pupils a table representing the daily average energy intake of people by age. He then
discusses with them what would happen if a person received less or more energy than his
body would need. The discussion is directed at the fact that with less income we would not
have energy and with higher income we would gain more weight – the body stores energy
in its reserves.

Kcal

4-7 years

7-10 years

10-13 years

13-15 years

15-19 years

1400-1500

1700-1900

2000-2300

2200-2700

2500-3100

He will then provide pupils more food (e.g. apples, lettuce, potatoes, cheeses, biscuits,
etc.), kitchen scales, a calculator and calorie tables. Energy values are given on the food
packaging. In the case of e.g. vegetables and fruits, the values are provided by the teacher
or they can be found on the Internet).
The task will be to compose the daily energy intake using the provided food. That is, if
a 10-year-old child is to receive about 1900 kcal per day, pupils should weigh enough food
to cover that income per day. Then, together with the teacher, they calculate how much
food they should eat to meet the daily energy intake limit. At the end, they calculate the
energy value of the food using a calculator and compare it to the recommended daily intake.
In this way, pupils will see how much energy the investigated food provides – they will find
out that some foods give us a lot of energy in small quantities and vice versa. In the next
activity, the teacher can offer pupils to similarly investigate beverages. Pupils are asked to
compose a set of food and beverages that would cover their entire energy requirement per
day. The teacher should remind the pupils that the more they move during the day, the
more energy they spend. Therefore, they should receive more energy than during the day
when they sit all day.
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3.2 Relationships between organisms
The set of the following tasks focuses on the study of relationships between organisms. The
aim is to realize that organisms cannot live in isolation but are interdependent, and the
relationship between them is conditioned by the energy of the sun.

Task 1
Materials and tools for a working group:
• magazines (or pre-prepared images), scissors, glue, paint, drawing, secondary resources (for the whole class – eg encyclopedia, internet connection).
In this activity, pupils focus on examining the relationships between animals with respect
to their dietary preferences. The pupils‘ task is to arrange the pictures (grass, snake – grass
snake, frog – brown frog, owl – brown owl) into the outline that begins with the sun (task
1A). This creates a food chain. Previously, however, he discussed with pupils various food
relationships in nature. He then explains to them that these relationships can be easily
depicted / drawn by means of a diagram, with arrows indicating the direction of the food
chain.
After the food chain has been created from the pictures above, the teacher asks the pupils
to explain the arrangement of the pictures into a diagram. Once pupils are familiar with
the food chain representation using the scheme, the next task will be to try to create their
own food chain scheme from the images available in task B. The teacher asks the pupils to
try to include as many images as possible .
A variation of this activity may be that the teacher provides pupils with different magazines (or the teacher prepares pre-cut pictures in advance). Their task is to cut out any pictures that they could include in their own food chain design. The pictures can be stacked
on the drawing and the arrows (food relations) can be drawn by hand.
The teacher discusses the created schemes with the pupils and asks them to explain the
arrangement. The teacher explains the pupils that those animals that only feed on plant
food are called herbivores. Those ones that feed on other animals are carnivores, and those
that do not distinguish between them are omnivores.
If pupils are unsure about some of the relationships, they can look for information in
secondary sources. Finally, the teacher can suggest pupils to create their own food chain,
including human beings (task C). Pupils can use a pre-made scheme, or they can re-create
their own layout design where they can use more / less boxes in the scheme. In addition,
pupils identify the consumer (herbivore, carnivore, omnivore).
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Task 2
Materials and tools for a working group:
• water, transparent plastic containers with lid, soil, plastic spoon, tray, soil, bread, apple,
orange, cheese, coin, teaspoon.
The second activity aims to investigate the development of fungi and molds as representatives of microdecomposites. In the beginning, teacher asks the pupils whether they have
forgotten food in their bag for more than a few days. The discussion is directed to experience with molding process. Teacher will find out the pupils ideas about mold on food.
The aim of the further activity is to find out when (in what conditions) the food (or other
objects) becomes moldy.
The task will be to investigate under what environmental conditions molds grow. The
teacher first asks the pupils to consider whether mold can be formed on any object. He /
she can provide pupils with a table in the worksheet showing the specific items they should think about. Pupils indicate on which of the objects the mold can be formed and on
which they think it is not possible. Subsequently, pupils should suggest how to verify their
predictions. The teacher leads them to compare the conditions with the ones the plants
need to grow.
Similar to the task of examining seed germination or plant growth, the teacher makes sure
that only one variable is handled at a time (light, heat, water or soil). Individual objects can
be placed in a transparent plastic container so they do not touch each other (approximately the same sized pieces of food are placed into the containers). The container should be
than closed and placed in the proposed conditions to verify what the pupils think about
molding process.
During a week, pupils observe the objects in the containers and mark their findings. In
addition, the teacher can focus on the object on which the mold was formed the first.
Finally, the pupils come back to their predictions, and compare them with their findings.
The molds formed can be left in sealed containers for a longer period of time to see what
happens to the objects. The teacher discusses with pupils whether molds can be found in
nature and if so what is their role. The discussion is directed to decomposers which break
down organic matter into inorganic constituents. The teacher explains that important decomposers include bacteria, fungi and some small animals.
In the next task, the pupils try create a compost at the school yard. They should use biodegradable waste that can be recycled, similar to paper. The result of its recycling is the
formation of natural fertilizer. However, pupils should be reminded that only vegetable
waste should be composted. Once created, they can explore how and whether compost
affects plant growth at all.
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Task 3
The activity aims to investigate the plant-animal relationship (including human). The role
of pupils will be to reflect on how plants use animals and vice versa, while also focusing
on non-food relationships.

Task 3a
Materials and tools for a working group:
•

worksheet, pencils, secondary resources (for the whole class – e.g. encyclopedia, internet)

In this task, pupils focus on how animals use plants. At the beginning of the activity, the
teacher discusses with the pupils to find out the pupils‘ ideas about the topic. Initially, the
teacher can also follow up on anthill activity where pupils investigated the food preferences of ants. The teacher investigates what anthill was built from – did the ants use plants
or parts of plants to build an anthill? If so, which plants/plant parts? Was there a predominance of some parts of the plants?
The task of the pupils will be to create a conceptual map, in which they complement how
animals (and humans) use plants for their lives. The teacher then asks the students to give
further examples of how animals use plants. Pupils should give as many examples as possible (e.g. human food – fruits → peppers; building material → wood → table, chair, etc.).
After creating conceptual maps, pupils compare them – Who uses plants more? Animals
or man? Could animals or humans live without plants? If so, what would you replace
plants with? If not, justify your answer? Pupils can use different secondary sources to construct conceptual maps and compare them. In addition, the teacher can focus on nature
conservation – e.g. how to replace / reduce human use of plants for the benefit of nature,
etc.

Task 3b
Materials and tools for a working group:
• worksheet, pencil and pen, secondary resources (for the whole class – e.g. encyclopedia, internet), camera
In the second part of the task, the pupils focus on the opposite relationship, i. how and
whether plants use animals and humans at all. The teacher first discusses the topic with the
pupils. Plants use animals mainly for seed distribution or as pollinators. After the discussion, it will be the pupils‘ task to find out which insects help in pollinating the flowers.
In the beginning, the teacher explains to the pupils that the flower must be pollinated in
order to form a fruit.
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Further they make observations at the school yard. Their task will be to map what kind
of insects are involved in pollinating flowers. In this case, students will need a camera to
identify unknown insects. In addition to insects, they will also notice the plants whose
flowers the insects visited.
Pupils will observe insects that are interested in plant flowers. Each type of insect is tried
to be recorded by pupils. After recording the individual insect species observed on the
flowers of the plants, pupils focus on identification of class the insects belongs to. Then
they use the encyclopedia (or the Internet) to find information about a particular insect,
pupils should pay appropriate attention to its body structure. Pupils will find out that
flowers can be pollinated by various insects, such as butterflies, flies, beetles, etc. At the
end of the activity, each group should draw a conclusion.

Task 4
Materials and tools for a working group:
• depending on kind of the food to be prepared – e.g. for the production of oat flakes and
flour: oats, mortar (or wooden board and hammer); juice: oranges, hand juicer, glass;
bread: flour, yeast, water, sugar; butter: cream, cup with lid, bowl, plate, teaspoon, cold
water.
The third task is aimed at clarifying the technological process of production of some foods. The teacher can focus on any product, e.g. following the previous task in which pupils
have devoted themselves to the benefits of plants for man, the teacher can present various
food products. The task of pupils will be to identify the raw material from which the product is produced.
Each group chooses one product and attempts to clarify the process of its production, ie
how pupils would proceed if they want to produce such a product at school or at home.
Each group will record the workflow, tools, the materials. The teacher discusses with pupils
their proposals and asks other groups of pupils to comment on the proposed procedures.
If possible, all the proposed procedures should be tried. Otherwise, the teacher can prepare an activity e.g. production of flour or oat flakes. The teacher will give each group a bowl
of oats and invite them to suggest a process for making oat flakes and flour. It allows the
pupils to discuss the procedure with each other – even in this case, the pupils should indicate the exact workflow and the tools they need.
Further, each group presents its proposals and try it out. Pupils try to make oat flakes from
grains using a mortar (or hammer). In addition to oats, the teacher can provide them with
grains of other cereals to investigate whether it is possible to make flakes from other cereals. Further they compare flakes made of different cereals – their appearance, taste, etc.
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GENETIC INFORMATION IS
PASSED DOWN FROM ONE
GENERATION OF ORGANISMS
TO ANOTHER
1. THEORETICAL PART OF THE CHAPTER
1.1 Description of the scientific concept
(according to Wynne Harlen, 2015)
Living things produce offspring of the same kind, but offspring are not identical with
each other or with their parents. Plants and animals, including humans, resemble
their parents in many features because genetic information is passed down from one
generation to the next. Other features, such as skills and behavior, are not passed on in
the same way and have to be learned. Organisms that arise through asexual reproduction,
such as by pullulation, are genetically identical to the parent organism. In the case of
sexual reproduction, half of the genetic information comes from one parent. Many of the
characteristics of organisms are influenced by external conditions, e.g. from the amount
of available food or weather. This results in differences between the generations even
with asexual reproduction. In humans, apart from other external conditions, learning
processes are an important factor that affects a person›s characteristics.
Inside the nucleus of animal and plant cells are structures called chromosomes which hold Chromosomes
large complex molecules of DNA 1). When cells divide the information that is needed to
make more cells is in the form of a code represented in the way that the parts of the DNA
molecule are put together. A gene is a length of DNA; and hundreds or thousands of genes
are carried on a single chromosome. In the human body most cells contain 23 pairs of
chromosomes with a total of about twenty thousand genes. The total set of 46 chromosomes is also called a double set of chromosomes because each chromosome is present
twice (one from the father and one from the mother).
When the organism grows or dead cells are replaced, the cells divide and the genetic
information is copied. Then each new cell carries a replica of the parent cell. Sometimes
there are errors in copying. This is called mutation. This may or may not be damaging to
the organism or it will be completely ineffective. Changes in genes can also be caused
by environmental conditions, such as radiation and chemicals or occur spontaneously
during cell division. These changes can affect the individual but only affect the offspring if
they occur in sperm or egg cells.

1)

Výnimkou sú prokaryoty, teda baktérie a archaea. Sú to veľmi jednoduché jednobunkové organizmy, ktoré nemajú bunkové jadro,
a v ktorých sa genetická informácia nachádza voľne v bunke. Keďže žiaci nemajú možnosť získať s týmito organizmami priamu
skúsenosť, venujeme sa v tejto kapitole výhradne eukaryotickým organizmom, teda organizmom s bunkovým jadrom.
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Sexual
and asexual
reproduction

During sexual reproduction, a sperm cell from a male unites with an egg cell from a
female. Sperm and eggs are specialized cells. They only have one of the two versions of
each gene carried by the parent, i.e. a simple set of chromosomes. When a sperm and
egg combine a half of the genetic material in the fertilized egg is from the sperm cell and
a half from the egg cell. As the fertilized egg divides time and time again this genetic material is duplicated in each new cell. In this type of reproduction, the genetic material
is reorganized. This leads to new gene and trait combinations. There are many possible
combinations that are then inherited from one generation to another. Organisms that are
best suited to an environment with their gene combination often inherit this combination.
In this way, adaptations to a specific habitat occur. This process is called natural selection.
During asexual reproduction, which occurs naturally in a wide range of organisms including some bacteria, insects and plants, identical genetic information is passed on. The
biotechnology has made possible the production of genetically identical organisms through artificial cloning in a range of species including mammals.

The Genome

The overall sequence of genes of an organism is known as its genome. Researchers have
learned a lot about genetic information by mapping the genomes of different kinds of organisms. When sequences of genes are known genetic material can be artificially changed
to give organisms certain features. In gene therapy, special techniques are used to cure
diseases by altering human genes.
Genetic information in a cell is held in the chemical DNA. Genes determine the development and structure of organisms. In asexual reproduction all the genes in the offspring
come from one parent. In sexual reproduction half of the genes come from each parent.

1.2 What are elementary students able to understand?
(according to Wynne Harlen, 2015)
Elementary school students are already able to experience and understand the following
part of this “Big Idea”:
Living creatures produce offspring of the same kind. However, these offspring are not identical. Siblings are similar, but they are not the same. Children resemble their parents, but
also they are not equal. Plants and animals, including humans, resemble their parents in
many features. These similarities are passed down from one generation to the next by
genetic information (also genes or DNA). Other characteristics, such as skills and behavior, are not passed on in the same way – they have to be learned.

Keywords:
DNA, genes, genetic information
Heredity
Asexual and sexual reproduction
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Genes determine the development of organisms
Environmental conditions and genes influence the development of organisms

2. SCIENTIFIC BACKGROUND FOR THE TEACHERS
2.1 Importance of the DNA
In every single cell of our body (of all living creatures), the entire blueprint for the respective organism is stored. This blueprint, which is stored in the form of genes, is located in
the nucleus of the cell. There it is well protected and separated from the rest of the cell
content. It is coded in form of the biomolecule deoxyribonucleic acid (DNA). Most of
the DNA is rolled up, enveloped in proteins and thus inactive. Only the parts of the genetic
code, which are needed in the cell at the current time, are “unrolled“ so far that they can
be read out.
The DNA molecule can be compared to a coiled rope ladder called double helix. The DNA
two lateral cords consist of long chains in which a sugar molecule (deoxyribose) and a
phosphoric acid residue (as phosphoric acid ester) alternate. One of the four bases (adenine, thymine, guanine, cytosine) is attached to each of the sugar molecules at an almost
right angle. The two lateral sugar-phosphate chains are located opposite each other so that
the bases are between them and form the rungs of the rope ladder. Adenine always forms a
pair with thymine and guanine with cytosine. The bases are linked in the pairs by hydrogen
bonds. Adenine and thymine are connected by two hydrogen bonds, guanine and cytosine
by three hydrogen bonds.

2.2 The genetic code: From gene to protein
The bases adenine, thymine, guanine and cytosine are a sort of letters of the genetic code. Composition of
They form “words“, which consists of three letters, known as base triplets. In their sequence, genes
information is stored which enables to build up a molecule that is required by the organism. Normally, these are proteins. Proteins consist of long chains of amino acids. Each
base triplet encodes one of these amino acids. Thus, the sequence of the base triplets of a
gene is the “construction manual“ for the sequence of amino acids in a protein and for the
structure of the protein accordingly. The proteins can fulfil various functions. Some proteins are (future) components of cells and work as building blocks for the composition of
the organism. Other proteins control the processes in the cell as enzymes. In addition, some
of the cells generate proteins which are released into the body as hormones (e.g. insulin),
digestive enzymes, etc., where they fulfil their function.
The conversion of the genetic information from the gene to the finished protein takes place Transcription
in several steps. First, the base sequence is transferred to an RNA strand. This process is
called transcription. In the copying process, only one strand is produced and not a double
strand with opposite bases, as it is usual for DNA. The RNA strand is still processed in the
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cell nucleus. Thereby parts that do not carry any information are removed, in addition
strands are cut into several pieces for some extent, from which several proteins emerge. Besides, the RNA is provided with protective structures at the ends that increase the stability
of the RNA strand and support the transport of the finished RNA from the cell nucleus. The
finished RNA is called mRNA (“messenger RNA”).
Translation

After the mRNA is transported from the cell nucleus into the cytoplasm, it is translated
into proteins in the cytoplasm of the cell. The mRNA attaches itself to structures in the
cytoplasm known as ribosomes. The ribosomes move along the mRNA and translate the
base triplets (codons) piece by piece into the respective amino acid sequence of the protein to be produced. The proteins then contribute as building blocks of the organism
and as enzymes - often in interaction with environmental conditions - to the individual
(feature) characteristics of the living creature. Only a single gene determines a few characteristics. Normally, especially in higher organisms, features are a subject to the influence
of several genes. The basics of the individual features are passed on to the daughter cells
during cell division and from one generation to the next during reproduction.

2.3 Self-reproduction
Mitosis

Mitosis is a cell division in which two daughter cells arise. Each time a cell divides, the
DNA double helix splits along into two single strands. Every strand serves as a template
for a new counter strand until two complete helices have been created from the original
double helix. Thus, there are two exact copies of the “old” DNA strand that remain connected at one point, the centromere. This process takes place (in parallel) in all chromosomes of a cell and prepares the cell division. In the next step, the nuclear membrane that
separates the cell nucleus from the cytoplasm dissolves and the chromosomes store themselves next to each other in one plane. The two identical chromosome strands, which are
called chromatids, are separated and pulled apart at the centromere. They are each drawn
into a different half of the cell. Subsequently, a new cell membrane is formed between the
cell halves, resulting in two daughter cells that are equipped with identical genes.
In this way, new body cells are created when an organism grows and develops its organs
or when cells have to be replaced in a mature body. However, shoots, offshoot, brood bulbils and the brood buds of bryophyllum are also formed during such cell divisions (for the
specialization of cells, see Section 2. 2). Completely new plants can grow from these specialized plant parts but also from others like e.g. cuttings. In doing so, the daughter plants
are genetically identical to the mother plant. Even if one speaks of “mother plant”, there is
no “father plant“ in this special case. Not only plants, but also some animals form offspring
in this manner. For example, the females of some insect species, such as certain aphids and
gall wasps, form eggs through the mitotic cell division described above, from which genetically identical young females emerge.

Meiosis
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As described in Section 1.1, body cells normally contain a double set of chromosomes, but
gametes (oocytes, sperm) contain a single set. This means that in cell divisions used to
form gametes, the chromosome pairs must be separated. The duplication of DNA in this
form of cell division largely corresponds to that of mitosis. However, the chromosomes
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do not all accumulate in the same plane. Instead, the pairs of chromosomes bundle on
each other and arrange themselves as pairs in the plane so that a bilayer is formed. The
chromosomes frequently exchange sections with each other, often for only one of the two
chromatids.
This is done by the chromatids of a chromosome pair crossing and assemble each other
new during the pairwise arrangement in the equatorial plane (see Fig. 109). This process is called cross-over. During cell division, the chromosome pairs are separated. Which
chromosome of each pair reaches which cell is left to chance. The number of chromosomes
per cell is halved by this division (meiosis I). In a further division cycle (meiosis II), which
is similar to mitosis, the two chromatids of each chromosome are distributed to daughter
cells. Because of the cross-over and the random distribution four genetically different gametes are produced.

Pic 109: Meiotic cell division occurs in two phases. Red chromosomes come from one
parent, blue from the other. The chromosomes are separated at the first division (Fig. 1-5)
and randomly distributed to the daughter cells. The number of chromosomes per cell is
halved. In a further division cycle similar to mitosis, the two chromatids of each chromosome are distributed to daughter cells.
(Source: Graphic by Ali Zifan - Own work; Used information from Campbell Biology (10th Edition) by:
Jane B. Reece & Steven A. Wasserman, CC-BY-SA 4. 0, https://commons. wikimedia. org/w/index. php?curid=50719392 )

2.4 Inheritance, mutation and selection
In sexual reproduction, one of these gametes is combined with the gametes of a sexual Inheritance
partner. Typically, one of the gametes is larger than the other and contains, in addition
to the nucleus with the DNA, a larger amount of cytoplasm containing other cell components, e.g. mitochondria, the “power stations“ of the cells, which is responsible for
cell respiration and energy supply. The larger of the two gametes is often referred to as the
egg cell. The organism from which this cell and thus the mitochondrial DNA originates as
the “mother organism“. The organism from which the smaller gametes originate is often
classified as a “father organism“. The recombination of genes often leads to unpredictable
results and a variety of expressions in traits that are determined by several genes. In humans, for example, several genes determine the hair color, so that all possible shades from
all black to white blonde appear. The inheritance of traits which is determined by a single
gene and not significantly dependent on external influences is more transparent.
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Two inheritances

The monk Gregor(ius) Mendel (1822-1884) investigated the rules of inheritance for
such genes in his famous experiments on peas and other plants. Two different hereditary
traits are to be distinguished: the dominant-recessive inheritance, in which the gene variant of one parent dominates the trait and the intermediate inheritance, in which the gene
variant of both parents influence the trait and the feature characteristic lies in the middle
between the characteristics of both parents. The variants in which the genes can occur
are called alleles. They often differ only in small details in the base sequence. However, the
resulting proteins can clearly distinguish in their effect and thus lead to different feature
characteristics.
Intermediate inheritance
The intermediate inheritance can be observed on the wonder flower. The flowers of the
plant can be white or red. If one crosses plants with these flower colors, then all offspring
develop pink-colored blooms and are among themselves alike (uniformity rule). Obviously,
the plants each carry a red and a white allele of the gene that determines the color. If one
crosses these offspring now among themselves, then there are four possibilities of the new
combination: A plant of the third generation receives either from the mother plant and
the father plant the allele for white flowers (→ white flowers) or from the mother plant the
allele for white flowers and from the father plant the allele for red flowers (→ pink flowers).
It is also possible that the allele for red flowers comes from the mother plant and the allele
for white flowers from the father plant (→ pink flowers) or the allele for red flowers comes
from the mother plant and the father plant (→ red flowers). The flower color of the offspring
therefore divides in a relation of 1:2:1 (1 white, 2 pink, 1 red) (splitting rule).
Dominant-recessive inheritance
Mendel explored the dominant recessive inheritance, among other things, in the flower colors of the pea. If one crosses these plants with red and white flowers, all offspring form red
flowers. Although they are identical in terms of flower color (uniformity rule), the characteristic corresponds to that of one parent, whereas the allele of the other parent, as we know
today, is inherited, but has no influence on the feature characteristic. If one crosses the offspring now further, there are also four possibilities to combine the alleles for red and white,
but with other effects on the feature characteristic. A third generation plant receives either
from the mother plant and the father plant the allele for white flowers (→white flowers) or
from the mother plant the allele for white flowers and from the father plant the allele for red
flowers (→red flowers). It is also possible that the allele for red flowers comes from the mother
plant and the allele for white flowers from the father plant (→ red flowers) or the allele for red
flowers comes from the mother plant and the father plant (→ red flowers). The flower color of
the offspring therefore divides in a relation of 1:3 (1 white, 3 red) (splitting rule).
Dominant alleles are indicated with capital letters (e.g. R for red), recessive alleles and alleles
in intermediate inheritances with small letters (e.g. w for white).
There is probably no clear intermediate inheritance in humans. Although blood groups
A and B are inherited intermediately, there is a third blood group variant, blood group 0,
to which the rules of dominant-recessive inheritance apply. Therefore, the inheritance of
blood groups in humans is somewhat complicated.
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In order to get an impression of the effects of heredity in class, especially with younger students, two characteristics are suitable: The inheritance of earlobes that are grown-together
and those of the ability to roll your tongue.
While introducing the thematic aspects in the classroom, it is too complicated for the students to use the term “allele”. Instead, one can speak of dominant and non-dominant genes.
Earlobes can end with a free-hanging lobe. However, there are also people, which have not Inheritance of
a lobe that does hang freely, but is attached to the head. If the lobes are free hanging, the grown-together
dominant allele (L) is present. Grown-together earlobes are determined by the recessi- earlobes
ve allele (l). The rules of inheritance correspond to those of the pea plant. Therefore, when
counting in class, there should be about twice as many children with free-hanging earlobes
as with earlobes that are grown-together. If children have grown-together earlobes, their
(bodily) parents usually have this kind of earlobes, too (unless the rare case of a mutation
has occurred, see below). If one parent has the two alleles LL, all his children will have
free-hanging earlobes, even if the other parent has ll or Ll as allele combination. If both
parents have the allele combination ll, they also pass it on to their children. If both parents
have the combination Ll (which cannot be seen from the outside, the earlobes are free hanging), then their children have a probability of 25% to get earlobes that are grown-together.
A comparison with pictures of the parents should clarify the general heredity.
Some people can stick out their tongue and roll it up from the sides to form a kind of tube. Inheritance
Although several genes are involved in the development of tongue rolling, but that’s not of “tongue
enough - you also need a lot of practice to learn tongue rolling. The inheritance of tongue rolling“
rolling is so high that the example can be used well as an observation task for elementary
school children. Of the people in whom the genetic conditions for tongue rolling are
present, about half of them learn to roll their tongue until the age of 7 years, another
22% until they are 12 years old. So some of these people don‘t learn it, despite their genetics. For people who do not have the appropriate genetic prerequisites, practice is of no use.
However, one does not know if the students have the necessary genes. So it doesn’t matter
if you let them practice for a while.
Mutations are changes in the genetic material that occur during cell division. They arise in Mutations
the (prevenient) process of DNA duplication. If these mutations occur in body cells, this is
partly without consequences, but can also have clearly negative effects and e. g. cause cancer. The mutation can only be passed on to the next generation if the change takes place
during the production of gametes (or their precursor cells).
• Gene mutations: Single or a few base pairs are replaced, removed or inserted by a reading error in the duplication of the DNA strand. The exchange of a single base pair can
have no effect. During translation, a different amino acid is incorporated into the resulting protein at the respective place, but if the new amino acid is similar to the original
amino acid, the protein changes only slightly. If, however, an amino acid is incorporated that has significantly different properties than the original one, the consequences
are considerable. A single amino acid can prevent the protein from unfolding in the
necessary way so that it can no longer fulfil his function. The insertion or removal of
base pairs, if their change is relevant for the protein formation, usually also has a significant effect. Because the entire base sequence shifts behind the place of the mutation
and completely different amino acids are installed. If in the last two cases the protein is
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important for life and the deficit cannot be compensated by an unchanged gene copy of
the other parent), then the cell dies or the fertilized egg cannot develop. Certain diseases are also triggered in this way. For example, the mucoviscidosis, in which the lungs
produce viscous phlegm (that damages the lungs), is due to the loss of some base pairs
on chromosome 7.
• Chromosomal mutations: They occur when chromosome pieces are incorrectly exchanged during cross-over (see above). Then it can happen, that on one of the resulting
chromosome strands some pieces are missing, but can be found twice on the other.
Missing genes often impair the functionality of the cell. A doubling can have positive
or negative effects.
• Genome mutations: In this process, entire chromosomes are distributed unequally
among the daughter cells, so that they are for example completely absent or exist as
triple or even more frequent, instead of double (the normal case). Surprisingly, this can
have a positive effect on plants. For example, the larger garden strawberries have the
same chromosomes as wild strawberries, but you can found a duplicated genetic set
(four instead of two versions) there, which makes the strawberries larger and stronger.
In humans, a gene mutation leads for example to the Down‘s syndrome, in which the
chromosome 21 is present three times. Thus, this mutation has the name “trisomy 21”.
Selection

However, mutations are not necessarily detrimental and lead to illness or death. Sometimes mutations can even be useful. A mutation is not targeted; its result is caused
by chance. Moreover, sometimes this happens receiving a positive result. An example for
such a “positive” result is the lactase gene. Lactase is a protein that acts as an enzyme to
break down lactose and digest it. All healthy humans (and mammals) have this gene because as infants they depend on drinking breast milk and digesting lactose. However, this
gene was originally switched off, as the organism grew older. That was “resource-saving”.
After all, it did not make sense to put energy into the production of an enzyme that is no
longer needed.
However, when people started keeping cows etc. several thousand years ago and consequently began drinking milk in adolescence and adulthood, too, those who had a defective switch-off mechanism due to a mutation had a survival advantage. They were able to
drink milk and survive food shortages better than people who did not tolerate milk. The
advantage as a cattle breeder to digest milk was so great that the mutation has spread and
today 80-95% of adults in Central Europe can digest lactose. Regardless of the mutation
in Europe, mutations have also occurred in people of different ethnic groups East Africa
that prevent the gene from being switched off. If a mutation is profitable, unfavorable or
without any consequences also depends on the requirements and possibilities of the respective environment.
Changes in the genome are therefore an important mechanism of the evolution. If a mutation suddenly makes a living creature more successful than its fellows do, it has better
chances of survival and produces more offspring. We call this mechanism selection.
The inheritance of positive mutations can change a species or even create a new species.
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3. METHODOLOGICAL GUIDELINES FOR THE TEACHERS
Overview table

Worksheet 1:
Family photographs

15 Minutes

Level of
difficulty
Simple

Worksheet 2:
Own earlobes

10 Minutes

Worksheet 3:
Earlobes in the family

Worksheet

Duration

Age

Material

6-10
Years

Pictures

Simple

6-10
Years

15 Minutes

Simple

6-10
Years

Mirror (if
necessary),
worksheet
Worksheet

Worksheet 4:
Earlobes
in the family 2

10 Minutes

Simple

Worksheet 5:
Tongue rolling
Worksheet 6: Tongue
rolling in family
Worksheet 7: Tongue
rolling in family 2
Worksheet 8:
„Get-Up-Gene”

15 Minutes

Simple

10 Minutes

Simple

10 Minutes

Simple

20 Minutes

Medium

Worksheet 9:
The tulip

15 Minutes

Simple

Worksheet 10:
The tulip 2

10 Minutes

Simple

Worksheet 11:
The mother
of thousands

20 Minutes

Medium

Educational objective
Illustrate the heredity of traits
and become familiar with the
trait similarities, recognize
the relationship between
similarity and ancestry
Systematic recording of
characteristics

Reflection of the relationship
between the similarity of traits
and ancestry, clarification of
the heredity of traits
6-10
Worksheet
Reflection of the relationship
Years
between the similarity of traits
and ancestry, clarification of
the heredity of traits
6-10
Worksheet
Show the dissemination of a
Years
specific trait within the class
6-10
Worksheet
Explain the inheritance of
Years
phenotypic traits
6-10
Worksheet
To reflect on and discuss the
Years
knowledge acquired so far.
from 8 Big and small To simulate and demonstrate
Years
marbles
human phenotypic
(depending on inheritance.
the number of
children), lots
of space
6-10
Worksheet,
To encourage the students to
Years
real flower
compare different generations
(for demonstrations)
6-10
Worksheet,
Talk about sexual and asexual
Years
real flower
reproduction and their
(for demondifferences
strations)
6-10
Worksheet,
Analyze and discuss the
Years
real plant (for
process of inheritance. New
demonstraquestions arise which can be
tions)
examined afterwards.
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Worksheet 1: Family photographs
Teaching aids:
• pictures

Procedure:
The choice of the photos should be given to the students as homework in advance.
„Please, bring photos of you and your family members (e.g. brother, sister, mother, father,
Depending on what is available, everything can be brought along: Pictures of parents, siblings, (great) grandparents etc. When all students have brought along their pictures, the
following instruction can be given: „Put all the pictures on the ground of the classroom and
mix them up. Are you able to find out which family members belong to which student? What
do you notice?“
The discussion will become fascinating if pictures of stepparents or stepsiblings are included. The teacher introduces the question: „What about similarities?“. However, one should
not expect clear results.
In addition, the worksheet can be adapted to the abilities of the students. Complementary
to the talking to each other they can write down what they have noticed and discussed in
small groups or in class. Instead of printing the photos out they can be brought along digital. In this case the pictures can be projected at the wall and the students guess together
which student the shown family member belongs to. Every student can bring along a different number of pictures.
The educational objective of the assignment is to illustrate the heredity of traits and to
involve the children themselves so that they become familiar with the trait similarities and
can recognize the relationship between similarity and ancestry.

Worksheet 2: Own earlobes
Teaching aids:
• mirror (if necessary), worksheet

Procedure:
The teacher gives the students the following observation task: “How many of your classmates have “free-hanging” earlobes? How many have earlobes, which are “grown-together”?
Note your results in the table.” In addition, the students can note what kind of earlobes they
have. Therefore, the teacher gives the following instruction: “Note your kind of earlobes,
too.”
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grown-together earlobes
number of students:

free-hanging earlobes
number of students:

What kind of earlobes do you have? __________________________________________
In this task, the students may need some support with the classification. Not all ears can
always be clearly related. In babyhood, the thin skin between the earlobe and the head can
tear and grow together so that years later it looks like a freely hanging earlobe. A mirror
can help the students to classify their own earlobes. Besides, the students can do this worksheet as a partner work.
The aim of this task is the systematic recording of characteristics.

Worksheet 3: Earlobes in the family
Teaching aids:
• worksheet

Procedure:
The students receive the following instruction given from the teacher: “Which member of
your family has “free-hanging” or “grown-together” earlobes? Write it down.”
This order can as well be given as a homework.
If the children are familiar with it, the teacher could encourage drawing a family tree. On
the other hand, it can be introduced as a new concept and the students could edit it at
school.
In this task, the students learn to record the relationship between the similarity of traits
and ancestry systematically. Besides, this worksheet clarifies the heredity of traits.
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Worksheet 4: Earlobes in the family 2
Procedure:
With this task, the previous results are going to be discussed and reflected. Therefore, the
teacher poses the following question to the whole class: “Do your earlobes differ from those
in your family? Discuss with your partner what you have found out!” Regarding the discussion pairs or small groups would suit best.
The duration of the discussions as well as the group size can be varied. For example, the
children can discuss with each other either in pairs or in larger groups of 3-5 children.
The educational objective of this task is again, to record the relationship between the similarity of traits and ancestry systematically and to clarify the heredity of traits.

Worksheet 5: Tongue rolling
Teaching aids:
• Worksheet

Procedure:
The students show their tongues to each other. Therefore, the teacher gives the following
central question: “How many of your classmates can roll their tongues? Who can‘t do it? Can
you roll your tongue?“ The results should be written down in the table..

rolled tongue
number of students:

not rolled tongue
number of students:

This task is intended to show the students the dissemination of a specific trait within class.
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Worksheet 6: Tongue rolling in family
Teaching aids:
• Worksheet

Procedure:
The teacher gives the students the following order: “Which member of your family can roll
her/his tongue and who can’t? Write it down!” The answers should be entered in the table.
In addition, this order can be given as homework.
Can roll her/his tongue

Can’t roll her/his tongue

The task should explain the inheritance of a phenotypic trait.
Besides, the teacher can adapt the task to the abilities of the students: If the children are
familiar with it, they could draw a family tree. Or it can be introduced as a new concept
and the students could edit it at school.

Worksheet 7: Tongue rolling in family 2
Teaching aids:
• Worksheet

Procedure:
The teacher asks the students the following question, which is to be discussed together in
groups of two: “Is there a difference between you and your family members regarding the
ability of tongue rolling? What do you think: Is the ability to roll your tongue related to the
gender?“ The students write note their results afterwards.
The duration of the discussions as well as the group size can be varied. For example, the
children can discuss with each other either in pairs or in larger groups of 3-5 children.
The aim of this task is to reflect on and discuss the knowledge acquired so far.
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Worksheet 8: “Get-Up-Gene“
Teaching aids:
• large and small marbles (depending on the number of children), lots of space

Procedure:
This game is called ”Get-Up-Gene“. The students are positioned in the classroom in the
form of a family tree (genealogical tree), so that always two students represent the parents and one student the next generation. The first-generation students each receive two
marbles, either small or large. In the next step, each parent passes on a marble to the next
generation so that each child receives a marble from a parent. It goes on and on. It is important to remember the size of both marbles before passing them.
When all generations have been played through, everyone sits down on the floor. Now
everyone can get up who had at least one big marble in his or her possession (the “GetUp-Gene”) in his/her hand. Then the teacher asked the following questions: „What are you
watching? Is a child standing when her/his parents aren’t?”
With this task, the students are encouraged to simulate and demonstrate human phenotypic inheritance on their own.
Example for the game “Get-Up-Gene“:
• The first generation students start with two marbles
• One of the marbles is handed to the next generation. In doing, so many types of transmission are possible.

smer odovzdávania
veľké guľôčky

Pic 110: The “Get-Up-Gene“
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The “Get-Up-Gene” becomes especially interesting when children of the first generation hold different varieties of marbles in their hands. So at least one parent has two big
marbles, at least one parent has two little marbles and at least one parent has a big and a
small marble. This creates the most diverse genetic variants.
If a child stands at the end, then it has had a large marble in her/his hand. Thus, also a
parent (at least one) has to stand. As an example, Mendel‘s Rule can be used.
The game can be adapted to the abilities of the students, too. Instead of big and small
marbles, two differently colored balls or similar objects can also be used. The children can
also write down as a reminder which ball or materials they have received.

Worksheet 9: The tulip
Teaching aids:
• a real tulip (for demonstration

Procedure:
Tulips grow every year in spring from onions that rest in the ground for the rest of the
year. Tulips can produce offspring by dividing their bulbs during the spring growing season. The divided bulbs, which are also called “breading-bulbs”, are smaller than the original. Later (for example in the next the year), two plants are growing which are genetically
identical, but they’re still different.
The teacher gives the following instruction to the students: “Think about which of the two
plants in the picture the mother plant is, and which the daughter plant. What‘s the difference?
And why?“ The students should discuss their hypotheses in groups of two.

Pic 111: The tulip

333

I – S.K.Y.P.E. Methodical Handbook for Teachers
9. Genetic information is passed down from one generation of organisms to another

Solution: The right bulb is smaller than the left one. Therefore, this is the daughter plant. It
is made from a divided onion, also known as “breading-bulbs”. The daughter plant is often
smaller than the mother plant in the first year, because in the smaller bulb less nutrients
can be collected.
This task is intended to encourage the students in comparing different generations.
The teacher can adjust the worksheet to the abilities of the students. For example, the
duration of the discussion and the group size can be varied. Either the children can discuss
with each other in pairs or in larger groups of 3-5 children. In addition, some of the tasks
can be supplemented by coloring. So, the worksheet can be intended to stronger and weaker students.

Worksheet 10: The tulip 2
Teaching aids:
• a real tulip (for demonstrations)

Procedure:
However, tulips can also produce seeds. The tiny, small, dark seeds fall to the ground
when they are mature, so that new plants can grow from them. In order to form seeds, it
is necessary for an egg cell to be fertilized by pollen. The egg lies protected in the flower in
the so-called pistil. In addition, there are seed strands in the flower on which the pollen is
found. Bees and other insects fly into the flowers to collect sweet nectar from the bottom
of the flower. On this occasion, they strip off pollen that remain hanging on the body of
the insect. If the insect, then flies to another flower some of the pollen can reach the pistil
of the second flower and fertilize the egg. The pistil with the egg cell in it is the female part
of the flower, the anther with the pollen is the male part of the flower.

Pic 112: Tulip flower

To examine the tulip flower in more detail, the teacher gives the students the following
instructions: “Find out which part of the flower in the figure is the female and which the male
part! Consider with a partner whether the seeds are from the mother plant or the father plant
and justify your answer.”
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Solution: The seeds can be formed from any tulip if it has been fertilized by insects with
pollen. In doing so the egg cell which has been formed by the plant itself is fertilized.
For the resulting seeds, the plant is the mother plant. Since the plant also has pollen, it
can also be a parent plant for other seeds which develop on another plant (from another
flower). The children should be encouraged to discuss this question, discover the issue of
asexual reproduction and ask new questions. These questions can also be discussed in the
classroom.
Note: Some plants may also pollinate themselves. Then they are a sort of both father and
mother plant together at the same time. Self-pollination occurs when no other plants are
available for pollination. Self-pollinating plants are particularly common on islands when
the wind has carried there individual seeds from the mainland.
This worksheet should motivate the students to talk about sexual and asexual reproduction (and their differences).
The duration of the discussions and the group size can be varied. Either the children can
discuss with each other in pairs or in larger groups of 3-5 children. Some of the tasks can
be supplemented by coloring.

Worksheet 11: The mother of thousands
Teaching aids:
• Worksheet, a real bryophyllum can be used for demonstrations, because it reproduces
in a very short time. So the students can easily experience the topic by themselves.

Pic 113: The bryophyllum
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Táto rastlina nosí svoje deti
na vlastnom liste. Vyrastú z nich
rastliny, ktoré budú vyzerať
presne rovnako.
Nie presne rovnako.
Budú vyzerať trošku ako mama
a trošku ako otec.

???

Ak ich nebudeme
dostatočne polievať,
budú deti vyzerať ináč.

Procedure:
The teacher gives the children the following instruction: “Read through the following statements! What is true about these statements and what’s not? Note your answers in the table.”
Statement

What’s true about
this statement?

What’s wrong
with this
statement?

Examples

This plant carries its offspring
on the leaf. From this, new
plants will arise, which are
going to look exactly the same.
Not exactly the same. They
will look a little bit like the
father plant and a little bit
like the mother plant.
If you don’t water the plant
enough, the offspring is
going to look different.

In this task, the students were enabled to analyze, discuss and thereby enhance their collected knowledge regarding the process of inheritance. Because of the discussion new questions arise which can be examined afterwards. These questions can be discussed with the
whole class, too.
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Possible solution:
What’s true about
this statement?

What’s wrong with
this statement?

This plant carries its
offspring on the leaf.
From this, new plants
will arise, which are
going to look exactly
the same.

Because of the genetic
features the daughter
plant look like the
mother plant.

They have to grow
first. Inappropriate
environmental
conditions let the
plants look different.

Not exactly the same.
They will look a little
bit like the father plant
and a little bit like the
mother plant.

In this case, there is
In this case,
no father plant.
there is no father
plant. For many
plants, however,
this assumption
applies: Also, the
“bryophyllum” can
form flowers and later
seeds. Then there
is also a father and
a mother and the
statement is correct.

If you don’t water the
plant enough, the offspring is going to look
different.

See above

Statement

Examples
Less water: stunted
growth, dry leaves
Too much sun: red
coloring of the leaves

If you don’t water
the mother plant,
it develops similar
features caused by the
lack of water.

Other points on a similar topic may also be discussed. The task should stimulate an exchange of ideas and a discussion. This can also be continued with other questions.
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BIODIVERSITY, OCCURENCE
OF ORGANISMS AND THEIR
EXTINCTION IS THE RESULT
OF EVOLUTION
1. SCOPE OF THE CHAPTER
1.1 Characteristic of the Big Idea
According to the concept of Big Ideas in Science “All life today is directly descended from
a universal common ancestor that was a simple one-celled organism. Over countless generations changes resulting from natural diversity within a species lead to the selection
of those individuals best suited to survive under certain conditions. Species not able to
respond sufficiently to changes in their environment become extinct” (Harlen, 2015).

1.2 Suggested development of the Idea at primary education level
(7-11 years old pupils)
Teaching of botany and especially the botanical system is not very popular with pupils. Linking these facts to a common life is a significant addition to its teaching. Medicinal plants
are an integral part of our nature. In all parts of the world humankind has always used
various plant species for its livelihood, such as spices or herbs, seasonings or in the form
of medicine. Over time, human activities caused the loss of plant species, some becoming
rare or even subject to a certain degree of protection (see Chapter on Nature Protection).
This also changes the way and extent of their use. This chapter introduces the use of common medicinal plants and their roles in everyday life and the use of this theme in school
education.

Science education content in key words:
Medicinal herbs,
botanical system,
magnifying glass,
herbarium,
active substances,
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Patient Information Leaflet,
protected species

2. SCIENTIFIC BACKGROUND FOR TEACHER
The Science Compendium for teachers shows the essence of the issue of medicinal herbs
with a number of examples of common plants which are listed by Czech and scientific
name, so as not to confuse the species. In addition, groups of active substances are explained, which can be linked to the chemistry curriculum in higher grades. Plant morphology
can be explained on the example of medicinal plants. They can be chosen as model plants
in the teaching of botanical system, etc.

2.1 Medicinal plants
The earliest written reports on medicinal plants come from China (the 27th century History
BC) and Egypt (the 16th century BC), when medical records for the use of plants were
kept. In ancient writings, Hippocrates (460 – 337 BC) states 236 species of plants. The
masterpiece of the ancient period is the work of Pedanius Dioscorides (AD 60) called De
Materia Medica where he mentioned 600 species of herbs. At the same time, Pliny the
Elder wrote his work Historia naturalis, dealing with the use of herbs. In the 2nd century
BC Claudius Galenus developed galenic formulation which deals with the principles
of preparing and compounding medicines in order to optimize their absorption. In
the Middle Ages there was a great development of interest in medicinal herbs. Herbariums and herb books were assembled (Jan Černý – 1517, P. O. Mattioli (1562). In the
16th century Paracelsus pronounced a groundbreaking idea that effective was not a plant
but the substances that it contained. The treatment took place mainly in monasteries where hospitals and pharmacies were founded. Patients were treated through medicinal plants
(phytotherapy) there. At the same time, monastery gardens were founded, consisting of
a utility part (hortus) and an herb part (herbarium). The foundations of today‘s pharmacy,
or the scientific field dealing with active substances that have a physiological influence on
the organism, were laid.

2.2 Active substances in medicinal herbs
The medicinal plant contains substances capable of treating a disease or preventing its
start (Moravcová, 2006).
The first group of active substances in plants are products of primary metabolism – sugars
(carbohydrates) and fats (lipids). Herbal carbohydrates are obtained for example from
common wheat (Triticum aestivum) whose sprouted and dried caryopses containing starch, which transforms into maltose during sprouting, are used. Maltose is then applied as
a strengthening agent in various diseases.
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Children commonly known lipids from home cooking. We can divide them into fats, oils
and waxes. A number of vegetable oils have pharmaceutical use, e.g. olive oil is obtained
by pressing drupes of the European Olive Tree (Olea europaea) and is used for example as
emulsion for injections, in nasal drops (Pinosol) and it has a subtle laxative effect.
Tannins

The other group of active substances are tannins which were originally used to tan skins
(removing the remnants of tissues and softening) and for the production of inks. These
are substances that precipitate in the presence of proteins so that they are used as antidotes against poisons of the protein-origin, and they also precipitate in the presence of
heavy metals or alkaloids. Therefore, if there was a suspicion of poisoning by these substances, a strong tea containing tannins was administered. Tannins are mostly found in
leaves, fruits (their contents are reduced with the ripening of the fruit), bark (spruce, oak,
willow), and rhizomes. They are found in the families of: Polygonaceae, Rosaceae, Fagaceae
or Ericaceae. They have astringent effects, calm wounds (but must not be used on large
wounds as tannin can be reabsorbed and liver damage can occur). They are used for the
treatment of burns and frostbite and as gargles; they suppress sweating and are used for
diarrhea, etc.

Glycosides

A huge group of glycosides follows. They are active substances containing carbohydrate
and non-sugar component aglycon. These include cardioactive glycosides, saponins, thioglycosides and many others with specific effects on the organism. Saponins in contact with
water lather and are used for the production of soaps, for example the root of common
soapwort (Saponaria officinalis). They are very toxic to fish. Thioglycosides are commonly
consumed in the diet, plants from the family of Brassicaceae, e.g. cabbage, kale, kohlrabi,
cauliflower, mustard, radish, horseradish, etc. contain thioglycosides. All are characterized by bitter substances of pungent taste which act disinfectantly. However, a number of
glycosides require precise dosing and are therefore not intended for domestic use, e.g.
cardioactive glycosides (e.g. Lily of the Valley – Convallaria majalis).

Alkaloids

Plants also contain poisonous alkaloids, such as capsaicin in peppers (Capsicum), which
causes local congestion and provokes a feeling of warmth or a variety of addictive substances that are available only on prescription , as there is a risk of addiction, for example
ephedrine that joint-pine (Ephedra) contains, opioid alkaloids, e.g. morphine that poppy
(Papaver somniferum) contains in its latex or is found in greater celandine (Chelidonium
majus), nicotine in tobacco (Nicotiana tabacum), etc. A number of alkaloids are considered stimulants, e.g. caffeine in the tea plant (Thea), and Coffea.

Essential oils

Another significant group of substances are volatile substances of terpenic character
which cause the smell of plants and the lure of insects – essential oils. A high content of
essential oils are characterized by the families of pine (Pinaceae), ginger (Zingiberaceae),
laurel (Lauraceae), deadnettle (Lamiaceae), or umbellifers (Apiaceae). The essential oils
are stored in different parts of the plant. Lastly, we mention amara which are substances
that have a very bitter taste.
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2.3 Time of collection and storage of individual parts of plants
Active substances are present in various parts of plants (flowers, leaves, berries, buds,
roots, seeds,etc.) and often in different quantities. There are therefore rules for collecting
medicinal plants (see Table 1).
Table 1: Rules for medicinal herbs collection
Part of the plant

leaves and stems*
flowers
fruits and seeds
roots and rhizomes
bark

Collection time

shortly before blooming, in the time of blooming
buds, before full opening
in full ripeness
in the period of vegetative rest (spring,autumn)
the beginning of vegetation period

* stem = a long flowering stalk with the first two leaves from the flower

We store the medicinal plants in paper or cloth opaque bags, well dried and in a dry
place.

2.4 Selected common pharmaceutical terms
Pharmacy commonly uses specific terms, often with an international validity, that are
indicated both on medicines and in the Patient Information Leaflet, in Table 2, there are
examples of common pharmaceutical terms given.
Table 2: Pharmaceutical terms
Term

Analgesic
Antidiarrhoeal
Antipyretic
Expectorant
Local anesthetic

Meaning of the term

Examples of a plant

used to relieve pain
provides symptomatic relief for diarrhoea
reduces fever
improve airway clearance
during coughing
causes absence of pain sensation

rowan (Sorbus aucuparia)
bilberry (Vaccinium myrtillus)
elder (Sambucus nigra)
ribwort plantain (Plantago lanceolata)
sage (Salvia officinalis)

2.5 Protected plants (see chapter 2.12 Nature Protection)
Attention! A number of medicinal plants were intensively collected in the past and now
they belong to protected plants, so we cannot collect them in the wild (e.g. in the Czech
Republic mountain species: wolf ‘s bane – Arnica montana (Fig. 1), masterwort – Imperatoria ostruthium, whose roots were gathered). Intensive collection of plants is one of the
factors causing reduction of species diversity.
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Pic 114: Wolf ‘s bane (Arnica montana)

2.5.1 Medicinal plants in the forest
The forest is one of the ecosystems (see chapter – Ecosystems) covering a significant part
of our territory. In the forests we, therefore, find a number of medicinal plants which are
used pharmaceutically but also in folk medicine.
In oak groves we can collect oak bark which is collected from our ordinary oaks (common oak – Quercus robur and sessile oak – Quercus petraea, family of Fagaceae) from
branches up to 10 cm in diameter, without rhytidome (so-called mirror bark). It contains
mainly tannins. From the bark, baths and compresses are prepared for frostbite and burns,
for hemorrhoids and for sweaty feet.
Coniferous In coniferous forests (pine or spruce) we often find the bilberry (Vaccinium myrthillus,
forests a family of Ericaceae) in the undergrowth, whose berries contain tannins and dark pur-

ple dye (anthocyans). The fruits of bilberries are used to treat diarrhea, intestinal catarrh,
inflammations of the oral cavity and they also improve vision (regeneration of visual purple). Leaves of bilberry contain glucokinin and are used in tea mixtures for the treatment
of diabetes.

Rubble In the warmer areas in rubble forests, the lime (Tilia cordata) tree, of the Malvaceae faforests mily, grows, its fork-like inflorescences, subtended by bracts are collected. They contain

glycosides, essential oils, slime, tannins and saponins. The infusions are used to promote
sweating, it is antispasmodic and it reduces irritation to cough. In forest clearings, representatives of the Rosaceae family grow: brambles (Rubus sp.) with dark aggregate fruits
and raspberries (Rubus idaeus) with red aggregate fruits. In some places we can also
find strawberries (Fragaria) with aggregate fruits of achenes embedded in the red, fleshy
receptacle. The leaves of all these species contain tannins; they have astringent effects,
are used for the taste improvement of teas and have slightly antibacterial and antifungal
effects.

Fermented In school we can easily prepare fermented tannin tea in the spring. We pick the leaves of
tannin tea all the three herbs, start with a layer of strawberry leaves, on top of them we place a layer

of raspberry leaves and finally a layer of blackberry leaves and put them all in a HDPE bag
(High-density polyethylene), we expose the bag to direct sunlight for between 3 to 4 hours
(the bag and the leaves will sweat and the leaves become brownish – fermentation is per-
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formed). Then we transfer the bag to the room, cut it open, we roll all the layers of the leaves together as a roll, and firmly tighten with HDPE film. We leave it to ferment until the
next day. After that, we take off the bag, cut the rolled roll into approx. 0.5 cm thick slices
and place them on baking paper and dry them. We have made a „fermented tannin tea“.

Pic 115: Tannin tea from raspberry, strawberry and blackberry

Another plant of forest clearings but also the edges of forests is noticeable, up to over
a metre tall, pink flowering rosebay willowherb (Epilobium angustifolium) of the Onagraceae family. Flowering stem containing mainly tannins and flavonoids is collected and it
is used for treating prostate diseases and as antiseptic for the urinary tract.

Pic 116: Rosebay willowherb (Epilobium angustifolium)

2.5.2 Medicinal plants near water
In the vicinity of water or in the water, there are a number of plants that are not well-researched in terms of content substances, probably because of their difficult collection. The
exception is the yellow water-lily (Nuphar luteum) of the family of Nymphaeaceae containing terpenic alkaloid nufarin, whose rhizomes have been collected since the 17th century
by herbalists for its anticancer activity.
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Pic 117: Yellow water-lily (Nuphar luteum)

Another plant growing along the water is sweet flag (Acorus calamus) of the family Acoraceae, containing essential oils, bitter substances and tannins. Aromatic rhizomes are
used for relaxing cramps or to improve digestion.

2.5.3 Medicinal plants in meadow and in balk
The common species of our meadows are yellow-flowering perforate St John‘s-wort
(Hypericum perforatum) or imperforate St John‘s-wort (Hypericum maculatum) of the
family Hypericaceae. Flowering stem is collected containing glycosides (hyperoside whose
aglycon is red), essential oils, and tannins. St. John‘s Wort has a calming effect and a euphoric effect, so it is used to treat gallbladder diseases, neurosis and menstrual pain. Photodynamic effect is decribed in the plant which can cause oversensitivity to the Sun and
possible skin irritation.

Pic 118: Imperforate St John‘s-wort (Hypericum maculatum)

On dry sunny balks with igneous soil, but also in the gardens, we find common agrimony
(Agrimonia eupatoria) of the Rosaceae family. Its flowering stem is collected, which contains tannins. The infusion that we prepare by pouring hot water over the dried stem contains mainly tannins and essential oils and it is used externally for its healing effects in the
form of a lotion for minor sores and ulcers and internally to calm upset stomach, increase
production of bile formation (cholagogum), treatment of inflammation of the oral cavity.
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Pic 119: Common agrimony (Agrimonia eupatoria)

In meadows, but also in the lawns in towns or gardens, ribwort plantain (Plantago lan- Ribwort syrup
ceolata) of the Plantaginaceae family, grows. We collect its leaves. We can prepare syrup
from them, which is used for inflammation of the upper respiratory tract, very easily. We
can prepare the syrup either from the leaves only or we can add onions. In 1 Litre preserving glass jar, we always put a layer of ribwort plantain leaves, sweeten them with sugar,
then we add a layer of cut onion wheels, sweeten them with sugar as well and continue
like this until we fill the whole bottle. We can start using the ribwort plantain-onion syrup
within two to three hours (you can try it at school and prepare the syrup with children).
Another common meadow herb is white dead nettle (Lamium album) of the Lamiaceae
family. Its white crowns are collected, that contain glycosides, slime, essential oils and
tannins. It improves airway clearance during coughing and calms digestive discomfort.
The balks are often covered with bushes, often consisting of blackthorn, roses or elder. El- Plants
der (Sambucus niger) of the Adoxaceae family contains flavonoids, essential oils, tannins on the bulks
and organic acids. Their white inflorescences are collected, which are used to reduce fever
and have slightly laxative effects. Black drupes contain glycoside routines, dye anthokyan,
vitamin C and pectin. They are used in metabolic tea mixtures supporting digestion; fresh
juice is effective for migraine and neuralgia and for an impaired vision, it strengthens the
immune system and is effective for colds and flu. Along with the elder, roses (Rosa sp.) of
the Rosaceae family often colonize balks. Ripe dried aggregate fruits of achenes of various
types of roses are used for their large content of vitamin C (up to 1%), carbohydrates, tannins, slime, organic acids and carotenoids. They have astringent effect and are a source of
vitamin C.
In spring, white flowers of blackthorn shrubs (Prunus spinosa) also of the Rosaceae family bloom on balks. In the autumn they have dark, frosty drupes.

Pic 120: Blakthorn (Prunus spinosa)
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Thyme (Thymus) of the Lamiaceae family grows on dry balks. It contains tannins, bitter
substances and essential oils, and is applied to improve airway clearance during coughing;
it is used as a disinfectant, or for its antispasmodic effects.

2.5.4 Medicinal plants in human settlements
In towns and villages, common yarrow (Achillea millefolium) of the Asteraceae family
commonly grows in the lawns. Its flowering stem, which is collected, contains essential
oils, bitter substances and tannins. It is effective for improving digestion, it is antispasmodic, and it increases bile production. In trampled lawns, common daisy (Bellis perennis)
of the Asteraceae family grows, whose inflorescences (anthodium) are effective for migraines, or ribwort plantain (Plantago major), which can stop bleeding.
Medicinal plants accompany us in everyday life. Many of us start the day with breakfast
that inseparably consists of a cup of tea from Camellia sinensis (Thea sinensis), which
are leaves of shrubs or trees that grow up to 15 meters in size, and they are at home in
southern China and southeast Asia and contain caffeine (up to 4.5%), tannins, essential
oils and flavonoids. The leaves are either blanched in hot water and are dried only, then we
talk about green tea, or they are fermented and then dried, which is black tea.

1. SCOPE OF THE CHAPTER
1.1 Characteristic of the Big Idea
According to the concept of Big Ideas in Science “All life today is directly descended from
a universal common ancestor that was a simple one-celled organism. Over countless generations changes resulting from natural diversity within a species lead to the selection
of those individuals best suited to survive under certain conditions. Species not able to
respond sufficiently to changes in their environment become extinct.” (Harlen, 2015)

1.2 Suggested development of the Idea at primary education level
(7-11 years old pupils)
Living organisms are found in particular environments because they have adaptations
that allow them to survive there. We call these environments, which are characterized by
specific features, ecosystems. The impact of humans’ activities on the environment leads
to significant degradation of ecosystems, reduction of biodiversity and often the loss of
organisms‘ ability to react to these changes. Man satisfies its basic needs, besides other
things, by farming and growing crops which cause significant limitation to the areas where
natural ecosystems occur.
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Science education content in key words:
Ecosystem
forest
meadow
pond
degradation
rurality
human settlements

2. SCIENTIFIC BACKGROUND FOR TEACHERS
In the introduction, the definition of the ecosystem is given and the characteristics of the
basic ecosystems that are commonly found in our countryside are described.

2.1 Ecosystem
is a holistic concept of plants, their life-related animals, chemical substances and physical
factors of environment or biotopes, which create a recognizable enclosed entity (Begon,
Harper and Townsend, 1997). The concept was introduced by Tansley (1935).
The forest is a complex system consisting of plants, animals and inanimate components Forest
(soil, rocks and minerals). It is strikingly distinguished by the predominance of woody
plants, mainly trees. We distinguish coniferous forests, deciduous forests and mixed forests.
The forest grew in different places of our territory yet before the arrival of man. With his
arrival, the area of forests began to shrink as they were cut and burnt, and on those places
various crops were grown (e.g. grain) and cattle bred. Gradually, however, the need for
nurturing forests arose and Forest Management Plans started to be made, which have
been in use until these days, defining forest management and the care of it.
Unlike other ecosystems, the forest is characterized by the predominance of woody
plants, trees that have a trunk, and shrubs, whose stem is also woody, but is branched
from the ground. Forests are called according to the kind of wood that prevails there. If
deciduous trees predominate, we talk about deciduous forests. If coniferous trees predominate, they are coniferous forests.
The most common deciduous forests in the Czech Republic are along the waters – alder
groves – where alder (Alnus glutinosa) prevails.
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Pic 121: Alder grove with the alder (Alnus glutinosa) in the canopy
and the alpine grass (Carex brizoides) in the herbaceous layer

In lower elevations, sometimes considerably waterlogged, but more often drier, oak trees
(common oak – Quercus robur and sessile oak – Quercus petraea) predominate – and here we
talk about oak groves. In places with an admixture of scots pines (Pinus sylvestris), pine groves – separate forest cover, are formed. In higher elevations – common beeches (Fagus sylvatica) predominate at the foothills – we talk about beechwoods. Quite rarely, the beechwoods
with an admixture of the European silver fir (Abies alba) were preserved in our countryside.
The fir tree is a coniferous tree; beech is deciduous; so we talk about mixed forests.
In the mountains spruce groves naturally grow (the predominant species of the canopy is
the European spruce – Picea abies) representing coniferous forests. Above the belt of natural spruce groves, the belt where the creeping pine (Pinus mugo) grows, follows.
In the shrub layer of forests we can find a number of shrubs (e.g. different species of the
genus of Vaccinium), grasses, for example wavy hair-grass (Avenella flexuosa), wood sorrel
(Oxalis acetosella) but also a number of moss and lichens, etc.

Pic 122: Wood sorrel (Oxalis acetosella)
Animals A number of animals live in the forest, for example the red deer (Cervus elaphus), the
in the forest European roe deer (Capreolus capreolus), the wild boar (Sus scrofa), the European badger

(Meles meles), the red fox (Vulpes vulpes), the red squirrel (Sciurus vulgaris) but also a range of invertebrates, for example the red wood ant (Formica rufa).
Further a range of birds: the common chaffinch (Fringilla coelebs), the song thrush
(Turdus philomelos), the black woodpecker (Dryocopus martius), the great spotted woodpecker (Dendrocopos major) etc.
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Meadows were created by human contribution and therefore depend on his care. People Meadow
mow the meadows, they usually harvest the mowed plants which are dried and used as
fodder for cattle or they are processed in raw state into silage. Herbs prevail here unlike in
the forest. Woody plants are not represented at all. According to the moisture level of the
soil, we can divide them into wet and dry.

Pic 123: Flowering meadow

In the meadow monocotyledonous grasses grow:
Table 3: Monocotyledonous plants
English name

Scientific name

false oat-grass

Arrhenatherum
elatius

meadow foxtail

Alopecurus pratensis

timothy grass

Phleum pratense

Photo
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English name

Scientific name

sweet vernal grass

Anthoxanthum
odoratum

cock's-foot

Dactylis glomerata

Photo

accompanied by a number of dicotyledonous plants:
Table 4: Dicotyledonous plants
English name
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Scientific name

meadow buttercup

Ranunculus acris

marguerite

Leucanthemum
album

Photo
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English name

Scientific name

Ragged-Robin

Lychnis flos-cuculi

spreading bellflower

Campanulla patula

globeflower

Trollius altissimus

Photo

In the meadow, in addition to plants, there are a number of invertebrate animals, insects,
butterflies, etc. at home.
If cattle graze on the meadow, a pasture is formed from the meadow. In places where the Pastures
animals lie and drink, due to an increased disruption of the vegetation, damage of the continuous vegetative cover occurs. In those areas nutrient-intensive vegetable species often
grow but the cattle do not feed on them, for example the common nettle (Urtica dioica),
the bitter dock (Rumex obtusifolius) or the bull thistle (Cirsium vulgare).

Pic 124: Pasture with cattle
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Town, village

Human settlements can be divided, according to the size and manner of human activities,
in villages and towns. Towns are larger and usually there are different types of housing
development alternating, the historical centre, and areas of block of flats, villas, industrial and commercial zones. Nowadays, the difference between the town and the
village fades away, the human activities are very similar, yet we can find some differences. In villages people often keep small domestic animals (poultry, rabbits, etc.). In these
areas, the substrate is disturbed by the influence of these breeding but at the same time
the nutrients that are formed by the decomposition of the excrements enrich it. Also, free
areas in villages are, unlike in towns, mostly unpaved, making it easier for the rainfall to
absorb in the soil, whereas in the city, it usually goes to drains due to paved areas, and
the urban greenery suffers from water scarcity. Some lawns in larger towns are therefore
artificially irrigated.

Pic 125: Lawn in the settlements with the predominance of the common daisy
(Bellis perennis) and the field wood-rush (Luzula campestris)

Certain species of flora and fauna are bound to human settlements, e.g. the perennial
ryegrass (Lolium perenne) – grass that tolerates trampling well or the house sparrow (Passer
domesticus) which is happy to feed on the leftovers discarded outside. Also pheasants and
hares willingly move closer to suburban zones because there is better accessibility to food.
In places that are left to spontaneous development for several years, the woody plants bound
to human presence start to grow – e.g. the elder (Sambucus niger), the silver birch (Betula
pendula), the aspen (Populus tremula) or the goat willow (Salix caprea).
Pond and River

As there is no sea with salt water in the territory of the Czech Republic, all water is fresh.
For the life of plants it is essential whether these waters are stagnant (ponds, water reservoirs, dams) or flowing (streams, rivers). In flowing waters the present organisms must be
adapted to the activity of water flow.
The shores of these water areas are often covered with willows, the herbs are often reed
(consisting of the common reed – Phragmites australis, the broadleaf cattail – Typha latifolia or the reed canary grass – Phalaris arundinacea). Plants growing directly in the water
(e.g. the pondweed – Potamogeton, the parrot‘s-feather – Myriophyllum) are of great importance to these areas. They drain nutrients from the water and thus they are involved in
their cleaning.
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Pic 126: Pond with the broadleaf cattail – Typha latifolia and the common reed – Phragmites
australis behind it in the littoral zone, blooming yellow water-lilies (Nuphar lutea)
growing in the water and white blooming arrowheads (Saggitaria saggitifolia)

Many animals are bound to the wetland ecosystems, such as crayfish, amphibians: frogs Wetland
(the common toad – Bufo Bufo, the common frogs), newts, odonata, dragonflies, but also ecosystems
a number of water birds: the mallard (Anas platyrhynchos), the mute swan (Cygnus olor)
and of course fish (carp, trout, perch, pike, etc.).
Peat bogs are a special case of wetland ecosystems. They are places with specific conditions for plant growth. They are often covered with various types of moss, more precisely
peat moss, which retain water in their cells and during their entire life die at the bottom
and grow at the top. Beneath them, decomposition of organic matter without air access
takes place – pedogenesis, which creates peat. Mosses drain most of the nutrients of these oligotrophic soils, and therefore there are also carnivorous plants that are able to gain
nutrients by dissolving chitin from small crustacean and insect bodies.

Pic 127: The round-leaved sundew (Drosera rotundifolia) with sticky glandular hairs
(tentacles) and the bog cranberry (Oxycoccus palustris) in the peat bog.
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1. SCOPE OF THE CHAPTER
1.1 Characteristic of the Big Idea
The complexity and diversity of the curriculum content of nature and society (the education area “Man and his world”) place considerable demands on the organisation and
the structure of this educational area content, given its diversity. Therefore, the content of
topics in subjects must be logically linked to a common „idea“ which creates meaningful
units from individual parts of the curriculum content. We refer to these as reference frames (integrated backgrounds). There are many approaches to organizing the subject matter of nature and society, e.g. according to ecosystems (ecological approach), according to
the system of natural materials (systematic approach) etc. Given the topic and the target
group (pupils of the younger school age) it is advisable to organise the curriculum (here
„Seasons“) in the phenological order. An explanation of this concept of the curriculum is
given in the following text.
A phenology-based arrangement of the
curriculum

One of the effective ways of how to introduce and teach pupils of younger school age to
recognize the changes in nature and the society during the course of a year is so called
a phenology-based arrangement of curriculum (a phenology-based approach) when all
things and phenomena about nature and the society are designed (interlinked) on the basis
of seasonal changes. Getting to know the laws of nature development during the various seasons allows pupils to understand the life manifestations of plants and animals depending
on the changes in the weather occurring during the year. At the same time, they compare
and gradually realize the regularities of these processes. Naturally, changes in nature are reflected in people‘s lives. Learning of phenomena and processes in nature must correspond
to the specific conditions of the surroundings of the village, town, home or school (application of regional considerations to the curriculum). Pupils gradually learn to distinguish
the differences, the causes and consequences of changes in living conditions in the life of
plants, animals and humans depending on the weather changes and learn to perceive the
annual cycle in nature.

Application of the
phenology-based
curriculum at
school

The organisation of the curriculum according to the seasons (a phenology-based concept)
is suitable for pupils at the beginning of compulsory education, especially 2nd and 3rd
Year of primary school in particular. The phenology-based approach allows immediate
direct observation of changes in nature at the same time when pupils are introduced to
the curriculum at school and thus the contents of the curriculum are concretised, updated
and supported by pupils’ own short-term and long-term observation. The observation
is not made in a large area; it is suitable to use the surroundings of the school, the tip of
a park or the school garden etc.

Nature
calendars

It is suitable to record pupils’ observation in a hand-made ‘nature calendars’ where the
following data are written in particular:
• •

changes in weather conditions (temperature, precipitation, air flow, clouds),

• further observable changes in plants (the beginning of budding, sprouting of leaves,
flowering of plants, leaf shedding, fruit ripening etc.),
• changes in the life of animals (activity, the young, occurence etc.)
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• changes in peoples’ work and life (work in the fields, maintenance of infrastructure,
work around their houses, leisure time activities, celebrations, important holidays etc.)
The consistency, regularity and correct drawing of the conclusions of pupil observation
are very important in making the records. This way, pupils’ interest in nature and natural
phenomena is encouraged, it develops their observational skills, inquiry-based learning
and motivation and the protection of nature. During the teaching it is also necessary to pay
attention to various curiosities, comparison, manipulation with natural materials, development of imagination and pupils’sharing of their own experience and experiences. Pupils
should reinforce the knowledge about life gained through the year and develop it when
familiarizing themselves with natural materials but not only in the school environment
(in the way of walks or excursions) but also on walks within the after school clubs and in
cooperation with their family.

Key words:
Phenology-based approach
observation of changes in nature
autumn, winter, spring, summer
weather
plants
animals
man
spring and autumn equinox
winter and summer solstice
nature’s calendar
inquiry-based learning
inquiry method
inquiry teaching
inquiry-based science education
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2. SCIENTIFIC BACKGROUND FOR THE TEACHER
2.1 Seasons of the year
This chapter provides basic theoretical knowledge on the topic of „Seasons“, which is, from
the perspective of the phenology-based approach to the curriculum of nature, indispensable. The sequencing of the seasons is adapted to the beginning of the school year; the time
sequence in nature is not intentionally applied. Astronomers follow the Sun to determine
the seasons of the year. Meteorologists determine the seasons according to changes in the
weather. From the meteorological point of view, autumn starts on the first of September. The
difference in the date of commencement of autumn from the two points of view, the one astrologers and the other of meteorologists, is due to the fact that changes in the temperature
of the Earth’s surface are delayed behind the position of the Sun because a certain time is
required to warm up or to cool the Earth’s surface. The seasons of the year alternate because
the Earth’s axis is tilted and the angle of incidence of the Sun’s rays at which they hit the Earth
changes.

2.1.1 The weather in each of the four seasons of the year
Autumn

According to astronomers the autumn equinox is important for autumn. In the days between the 21st and 24th September the day and night last approximately the same amount of
time i.e. 12 hours. According to meteorologists, it is the character of the weather, which
changes approximately at the beginning of September that is important for the beginning
of autumn.
For the weather in autumn these are typical:
• Temperature drop, fog formation (fog is water vapour that is condensed in cooler layers
of air above the surface) and hoarfrost (fog sediments on cold objects and natural materials, creating hoarfrost). Pupils measure the temperature by thermometers which
must be placed out of the direct sunlight. It is suitable to place a thermometer in a meteorological box. We take the measurements several times a day in regular intervals
(due to the possibility of comparing the collected data).
• Increase in airflow, i.e. windy weather. Bigger differences in the temperature of air at
night and during the day are caused by more intensive airflow as the warm air rises
and cold air replaces it. This creates the continual transfer and circulation of hot and
cold air. We measure the direction and the strength of wind by anemometer or by wind
vane.
• Higher intensity of precipitations. With the increased airflow, the more intensive movement of cloudiness occurs. The amount of precipitation can be measured by a rain
gauge (a container with a calibration).

Winter
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The beginning of winter is according to meteorologists on the 1st December, astronomical
beginning of winter is between 21st and 23rd December, during the winter equinox. On the
day of winter equinox the day is the shortest and the night the longest. The Sun rises the
most southerly of true East and sets the most southerly of true West.
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For winter weather these are typical:
• Higher cloudiness, precipitations are in the form of snowflakes. Snow protects plants
against frost and increases water reserves in the form of snow and ice which are significant for circulation of water in nature.
• Low temperature causes freezing of water areas and watercourses. Ice has a bigger volume and smaller weight than water so that it floats on water. On the bottoms of water
areas water never freezes. Water of 4 °C has the biggest density and does not freeze.
According to meteorologists spring begins on the 1st March, astronomical beginning of Spring
spring is between the 20th and 21st March with the Spring Equinox. The day is approximately as long as the night, i.e. 12 hours. Days are gradually getting longer in spring. The
Sun rises higher and stays above the horizon longer. Gradually the shadows of objects in
nature are getting shorter because the Sun´s rays are perpendicular to the Earth.
For spring weather these are typical:
• Increase of temperature, changeability of weather, and occurrence of light frosts.
• Melting of snow and ice causes floods and overflowing river banks.
• In the spring windy weather is more common because the Earth’s surface is warming
up unevenly. There are bigger differences between the temperatures at night and in
a day. Warm air rises up pushing cold air away, air currents are therefore more intensive. They bring perceptions.
Begins on the 1st June according to meteorologists, astrological beginning of summer is Summer
between the 21st to 22nd June with the Summer solstice. On the day of the Summer solstice
the day is the longest and the night the shortest. The sun rises the most southernly of true
East and sets the most southernly of true West. Shadows of objects are short at midday
because the Sun is the highest on the horizon.
For summer weather these are typical:
• Higher summer temperature.
• Frequent thunderstorms – electrical discharges in the atmosphere and accompanied by
the sound of thunders.

2.1.2 Plants in each of the four seasons of the year
Selected features of plants in autumn are:

Autumn

• Changes in colours of leaves and leaf shedding. When there is a lack of the sunlight
radiation and temperature decreases, photosynthesis in plants stops. Nutrients transfer
into trunks and roots. The proportion of plant pigment composition changes. At low
temperatures, the supply of water for plants is limited or unable. The leaves represent
a large evaporating surface for the plant; therefore the plant disposes of them – they
shed. Only evergreen deciduous plants and conifers (except larch) have leaves protected by a waxy coating, the cuticle, and their stomata are deep-set. These trees can keep
their leaves as they are protected against water loss and freezing.
357

I – S.K.Y.P.E. Methodical Handbook for Teachers
10. Biodiversity, occurence of organisms and their extinction is the result of evolution

• Ripening of fruit and seeds. Distinct colouring of fruit is important for plant spreading.
Some of the plants’ fruit and seeds are provided with “adhesive devices”, for example
hooks of burdocks’ infructescence, bedstraws’ hairy joints, which they use in order to
disperse by adhering to animal fur. Plants also use wind for their dispersion. Their dry
non-dehiscent fruits have “flying devices”, for example wings (maple, elm, ash), bracts
(lime infructescence) etc. Man by his activities in nature (agriculture, transport) also
participates on plant dispersion to a great extent.
• Until October colchicum blooms in meadows. Colchicum blooms in autumn but it bears fruits in spring. Thus, in the same year it has fruits first before it blooms. Colchicum
belongs to very toxic plants.
• Growth of autumn mushrooms, for example honey mushrooms, blewit mushrooms,
yellow knights, scarlet fly cap etc.
Winter

Selected features of plants in winter are:
In winter nearly all plants stop growing as it is their rest period, this enables us to observe
the size and appearance of trees and bushes better. Some plants keep their leaves and are
evergreen, for example conifers and some deciduous woody plants for example heather,
cranberry, bilberry, ivy, holly, Oregon-grape, rhododendron etc.
• In winter mistletoe grows in treetops. It is a symbol of Christmas, happiness and joy
for the following year. Mistletoe is a semi-parasitic plant which spreads by white sticky berries which birds feed on. Mistletoe grows very slowly and only one segment of
a twig grows in a year.
• In winter we can observe linchens (cup lichen, common orange lichen etc.).

Spring

Selected features of plants in spring are:
• Buds of trees and bushes that started up in the past autumn are getting bigger and gradually leaves and flowers start sprouting and shooting. At the end of February or beginning of March, antheral flowers in aments on hazel trees start growing, even before
leaves do. On alder trees antheral flowers in aments often appear as early as February.
Similarly, we can usually see antheral flowers in aments on goat willows, colloquially
called catkins, in March. At the end of March, bundles of needles start sprouting on
larches and at the same time yellow antheral flowers and red pistillate flowers in small
cones start appearing as well.
• In gardens and parks weeping forsythia starts blooming with yellow flowers. In avenues
Sakura, the Japanese cherry, blooms pink.
• Herbs survived the winter by means of their underground tubers, bulbs or rhizomes
and the first spring plants start to grow. Herbs that flower in early spring are snowdrops. They are often confused with snowflakes which have small white flowers with yellow and green marks.
• Typical herbs of groves are cowslips, liverleaves, anemones, lesser celandines with yellow flowers, lungworts, violets, etc.
• Along the roads coltsfoot can be spotted. Near streams and in marshes marsh-marigolds are seen. In meadows dandelions and daisies bloom abundantly.
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• In fields, spring wheat, whose plants have a distinctly green colour, is sprouting. Similarly, spring barley of yellow and green colour, is sprouting too.
• In gardens and parks, spring ornamental bulbuous plants occur, for example daffodils,
tulips, croci, grape hyacinth etc.
• In gardens vegetables are sown, potatoes are pre-sprouted and seedlings of lettuce and
cruciferous vegetables (kohlrabi, cauliflower, cabbage, kale) are planted.
• In woods the first spring mushrooms start appearing, for example common morel, St.
George‘s mushroom, entoloma etc.
• At the end of spring, but also at the beginning of summer lime trees, rowans, elders,
maples, horse-chestnuts etc. bloom.
Selected features of plants in summer are:

Summer

• Period of climax vegetation of plants. A variety of meadow plants bloom, for example
ox-eye daisies, yarrows, Ragged-Robins, spreading bellflowers, meadow buttercups,
white clovers etc.
• Period of more significant growth of mushrooms’ fruiting bodies, typical for the summer season (gilled mushroom etc.)
• Cereal is ripening and in August the harvest time starts. Potatoes bloom in the summer.
At the end of August hops ripen.
• In orchards cherries, sour cherries, summer variety of apples and pears ripen.
• In gardens fruit and vegetable picking of strawberries, cucumbers, melons, tomatoes,
peppers etc. is taking place.

2.1.3 Animals in each of the four seasons of the year
Significant features in the life of animals in autumn are:

Autumn

• Activities of insects and invertebrates which hide in various places in nature and in
people’s homes are on the decrease. There are some exceptions, for example the codling
moth is developing and aphids are laying eggs. Ants are gradually gathering in deeper
underground parts of anthills where they protect themselves, their larvae and pupae
against freezing.
• Beekeepers gradually start insulating the beehives for winter, protecting them from low
temperatures in winter.
• Snails look for shelters under leaves and close the opening of their shells with a a calcareous lid. During autumn fish gather on the bottoms of water bodies and streams where
they spend the winter in shoals without accepting food. In this season, the fish harvesting
from ponds start. Three- and four-year old carps and other types of fish are transferred
from ponds to fish farms so that they are ready for the Christmas season.
• In nature amphibians (newts, salamanders, frogs) and reptiles (lizards, snakes) are disappearing. The temperature of their bodies depends on the temperature of their environment. Therefore they must look for shelters in hollows of the stumps, burrows etc.
where various species spend the winter collectively. Toads hide away in underground
hollows where they burry themselves, for example into the soil, usually as early as the
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end of September. Frogs hide away a little later; they spend the winter buried in the
mud on the bottoms of ponds.
• Flocking and migration of migratory birds. The reason for their migration is, primarily,
lack of suitable food in our country. Compass orientation in birds when migrating is
still not unequivocally explained. It is assumed that birds use topography, the position
of the Sun, stars, geomagnetic field, and inborn instincts for orientation. A part of the
birds’ population which live in the proximity of people stay in our conditions in winter.
Ornithologists usually ring birds in autumn.
• Mammals change their behaviour and their ways of life in autumn. Some species make
food reserves and look for shelters. At the end of October the hedgehog builds its shelters with dry grass and leaves under heaps of wood, in heaps of leaves or in various
holes where it spends the winter hibernating. The mole digs its corridors deeper in autumn than in summer. In the deeper layers of soil where it does not freeze. It also finds
food better there too. Bats spend winter hibernating with their heads hanging down in
caves, cellars, lofts etc. Squirrels are very active in autumn. They collect various seeds
and fruits which they store in their shelters in roots, in tree hollows etc. Mammals
change their hair in autumn. By gradual moulting they get rid of their summer hair and
winter coat starts growing. It is thicker and of a lighter colour so that they are protected
from frost and they are not too visible on the snow. In autumn wood, from about the
middle of September to the beginning of November, a rutting call of the roe deer can
be heard.
Winter

Significant features in the life of animals in winter are:
• • Absence of mainly invertebrates, amphibians, and reptiles. A variety of birds are
missing and some species of mammals are hibernating.
• We find sings of animals’ presence (footprints, remains of food, bite marks, droppings
etc.)
• In water, fish usually gather in shoals on the bottom. Common roaches that are fish of
cooler waters can be spotted in inshore water. Perches get ready for spring spawning
and towards the end of winter they get very ferocious. Burbots even spawn in winter.
Low temperatures and a lack of food make birds, which stay over winter, come closer to
people’s dwellings (tits, common chaffinches, common chaffinches, wood nuthatches
etc.). Providing supplemental feed to those birds is our contribution to protection of
bird species.

Spring

Significant features in the life of animals in spring are:
• Activities of invertebrates (bees and bumblebees) increase. We can see earthworms in
unfrozen soil, snails and slugs under bushes and in grass.
• In water spring fish spawning starts. A female fish lays eggs on suitable places, dips on
the bottom, to holes in sand, on the leaves of aquatic plants etc. A male fish fertilizes
the eggs with its soft roe. Early in spring pikes spawn. Small pikes feed on plankton and
later they attack fries including their own kind.
• Amphibians and reptiles are also active. Frogs search for water where they can reproduce. Female frogs lay eggs in clusters or strings in water. Male frogs fertilize the eggs.
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The eggs hatch into tadpoles that are dependent on water (they breathe through gills).
Lungs and limbs develop gradually and they can live on land. Similarly, newts and salamanders are in their breeding season as well. Lizards and snakes, for example the sand
lizard, the viviparous lizard, the slow worm, the grass snake, the Aesculapian snake, the
smooth snake, the dice snake and the common European adder leave their shelters.
• Migratory birds return in spring. The first ones to return are larks, later starlings,
thrushes etc. At the end of March and at the beginning of April great crested grebes, bitterns, common gallinules, water rails and greylag geese return to water bodies. Between
February and April storks return searching for elevated places near people´s dwellings
in order to build their nests. At the end of March swallows and little later martins return.
• The young of domesticated birds hatch from eggs (chickens, goslings, ducklings). They
are symbols of Easter.
• In spring “winter sleepers” wake up, for example hedgehogs, moles and badgers. All of
them look for food in order to replenish their fat reserves. For mammals spring mating
is typical, for example in the fields and meadows hares run around at the height of their
breeding season which is known as „March madness“. In May a variety of mammals´
young are born (young roe deer, fawns, wild boar piglets). Importantly, the young of
domestic animals are born (lambs, kids, calves, foals, piglets, bunnies) which are also
symbols of Easter.
• Mammals moult and their hair changes into a thinner coat. They are also coloured
more distinctly.
Significant features in the life of animals in summer are:

Summer

• Great activity of insects, colourful butterflies, beetles, bees, wasps, mosquitoes, but acarids as well, for example ticks.
• Activity of amphibians and reptiles (croaking of frogs, reptiles basking in the sunny
places).
• Abundant bird singing and their activity.
• Mammals guide their growing young.
• Between July and August the roe deer’ rutting season starts, characterized by the males’
special barking voice, known as “bleating”.

2.1.4 People’s activities in each of the four seasons of the year
Significant features of people’ activities in autumn are:

Autumn

• • Harvesting of agricultural crops (potatoes, beetroot, grapes, cabbage and other
fruits and vegetables). In sugar factories sugar beet is processed, starch factories and
distilleries make starch from potatoes and alcohol. Cabbage is cut up and pickled in
barrels in order to ferment. Canning factories and freezing plants process crops of fruit
and vegetables. Likewise happens in families.
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• Ploughing and harrowing of fields are under way. In some fields winter cereals are
sown. In warmer regions grape harvest is carried out.
• In gardens trees, bushes and herbs are planted (bulbous plans etc.).
• Typical fish harvests of ponds and their preparation for winter take place.
• Hunting is common. Ceremonial display of wildlife hunted mark the closing of the
season.
• All Souls’ Day is a commemoration of the deceased. People visit cemeteries and by bringing flowers and a quiet memory they remember their deceased relatives and friends.
• Collecting of medicinal herbs, for example the common chicory, common yarrow, ribwort plantain etc.
Winter

Significant features of people’ activities in autumn are:
• Foresters replenish hay racks for wildlife and bird feeders.
• Fishermen cut holes in ice so that water can be partially oxygenated.
• Roads are cleared and maintained and they are kept passable by the Infrastructure Services.
• Winter is the season of winter sports, for example skiing, skating, sledging etc.
• Christmas is a significant holiday celebrated in winter. Decorating of a Christmas tree
became a symbol of Christmas at the beginning of the 19th century. A Christmas tree
was originally decorated with fruit and nuts. Later people started to make paper decorations.

Spring

Significant features of people’ activities in spring are:
• Work in gardens, spading and adjustment of patches, preparation for sowing seeds and
planting of seedlings, at the same time cold frames and greenhouses are prepared.
• In orchards fruit trees are pruned and it is a suitable time for grafting of trees.
• In fields dragging, aerating and harrowing take place and sowing of spring crop (oat,
barley, spring rye and spring wheat) is prepared. Towards the end of spring thinning
out of beetroot is done. Planting of potatoes is also important.
• Easter is an important Christian festival, apart from this significance it is expression
of joy over the departure of winter and arrival of spring. Easter is accompanied by
a range of customs and traditions. Another important spring holiday is May 1st which
is a symbol of labour, life, fertility and love celebration. In the past “Chasing of Kings”
and “Rides of the Kings” in Moravia were taking place. If the spring was dry, so called
“pouring out of natural springs” was happening when girls were clearing the natural
springs.

Summer

Significant features of people’ activities in summer are:
• Summer is time of holidays. People spend time outdoors, at their cottages, weekend
houses, in tents and they bathe.
• Foresters mainly watch for presence of pests and they use catchers for their elimination.
• For farmers summer is the time of harvest and haymaking.
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• Biologists observe expansion of small rodents, pest insects etc.
• In summer people usually engage in typically summer sports, for example swimming,
canoeing, going down rivers etc.

2.1.5 Suggestions for pupils’ activities in each of the four seasons of the
year
• Nature outings linked with various activities, observing and experimenting, for exam- Autumn
ple seeds and fruits may be collected and used appropriately in art and design technology lessons.
• Making displays (exhibition) of products of nature (display of mushrooms, fruits, leaves). Making herbariums of tree leaves, prints of leaves and tree bark, and using them
for a variety of art activities.
• Collecting of seeds and fruit for winter supplemental feeding of birds and wildlife, for
example conkers, acorns, beechnuts, rosehips, rowan berries, maze, grass seeds etc.
Making boxes and bird feeders pro supplemental feeding of animals.
• Replenishing of food in bird feeders, replenishing hay racks with collected fruits and Winter
seeds.
• Observing signs of animals’ presence (dens, burrows, shed antlers, remains of food,
paths, tracks, bite marks on trees etc.),
• Getting to know the snow properties when making a snowman etc., observing ice on
water and its properties (floats on water).
• Decorating Christmas trees and making Christmas presents for their families and
classmates.
• Gardening in the school’s garden, planting of plants into flower boxes and flowerpots.

Spring

• Egg colouring, making a braided whip from pussywillow twigs, making of whistles
etc.
• Trip to farms, watching the young of domestic animals.
• Observation of life outdoors, recording of first spotting of bees, arrivals of birds, presence of animals which were hidden in winter, etc.
• Collecting of meadow herbs and leaves of trees for a herbarium.

Summer

• Outing to a pond, observation of aquatic birds, fish and insects.
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2. SCIENTIFIC BACKGROUND FOR TEACHERS
Scientific break down for teachers certainly does not include a comprehensive explanation
of nature conservation issues, but the teacher will find basic facts here that will help him
look deeper into the issues and lead his pupils to responsible behaviour to nature. First, we
define what the present-day nature actually is and what is thus subject to protection. On
the contrary, we will not look at the history of nature conservation, which certainly is very
interesting but its extent considerably exceeds the capacity of this chapter. Thus, we will
only limit ourselves to passing explanation of the devastation of nature in Europe. We will
then look into nature conservation issues at global, European and national levels.

2.1 Nature protection
Present-day
Nature

During the geological periods, the features of nature changed. In the Quaternary period,
(Holocene) an ice age (glacial) alternated with interglacial periods. The last ice age was
characterised by very low average annual temperatures – 3 to – 4 °C and low average annual rainfall of 100 – 200 mm. In our territory, the steppes and in the higher elevations
the tundra with dwarf birches, mosses and lichens prevailed. In interglacial periods, in
which we are now, average annual temperatures reach 13 °C and average annual rainfall
is between 800 – 1000 mm. We consider the present-day nature to be the state since the
last glacial period that is the last 10 – 15 thousand years.

The development
of the nature
devastation

Around the 4th millennium BC the first farmers turned up. They found it easier to grow
plants in one place than to collect them in the wild and likewise to breed domestic animals
near their homes than to hunt them in the wild. So people began to grow crops and thus
interfere with natural ecosystems (see chapter – Ecosystems). People started to clear-fell
and slash and burn forests in order to gain areas suitable for agricultural activity.
Another great devastation of nature occurred at the end of the 18th century and at the
beginning of the 19th century in the context of higher demands on timber production
at the time of the Industrial revolution. At the same time, there was an intense afforestation of our territory going on and the establishment of the first forest monocultures. Probably the most extensive and largest devastation of nature, however, came after the World
War II, when there was a significant increase in energy needs, huge waste production, etc.

International
protection of
nature

Nature conservation includes many activities that cannot be covered within a single state,
or even within the European Union. The issue of watercourses can serve as an example. Rivers flow across imaginary boundaries and therefore there is the need for arranging their
management. This resulted in bilateral or trilateral agreements. But this is often not enough. Current transport options allow movement across enormous distances in a relatively
short time. Therefore, it was necessary to address some problems at an international level.
An example of an international convention is the Convention on International Trade in
Endangered Species – CITES, which addresses the protection of biodiversity at an international level.
An example of an international organization is UNESCO (United Nation‘s educational,
Scientific and Cultural Organization). It was established in 1946 in Paris. UNESCO has
several areas of activity, including education, culture, communication and information, as
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well as natural sciences. UNESCO in the “Man and the Biosphere Programme” designates
Biosphere reserves, which are large protected areas that conserve typical ecosystems in
biomes and have four main tasks: to protect biological and cultural diversity in its territory, i.e. cultural and natural heritage, to be an example of sustainable farming in the landscape, to enable intensive ecological research, to monitor the factors of the environment,
and to promote education and ecological education of the population.

Pic 128: Biosphere reserves in the Czech Republic
(Maps produced using MAPS ‚N‘ FACTS, The Learning Company software)

Let’s mention an example of non-governmental organizations and civic associations
that also operate internationally: The IUCN (The International Union for Conservation of Nature) which has a number of expert committees, of which the Species Survival Commission is the most significant, with more than 8000 members. It conducts field
research and rescue programmes, but also produces Red lists of Threatened Species
(www.redlist.org), which list animal and plant species, plant communities, habitats and
habitat complexes that are either extinct, have disappeared or are endangered. The member states then create their own Red and Black lists of extinct, disappeared and endangered species of their territory. The Red List of Threatened Species of the Czech Republic (http://www.preslia.cz/P123Grulich.pdf) distinguishes 4 categories of protection:
the most strictly protected – critically endangered species, highly endangered species,
endangered species and species requiring increased attention.
After joining the EU, some EU directives have been implemented into member states‘ Nature protection
legislation. The first important directive was the directive on the conservation of wild in the European
birds (Directive 2009/147/EC). The second directive was the directive on the conserva- Union
tion of natural habitats and of wild fauna and flora (Directive 92/43/EEC). On the basis
of these directives, each EU country has mapped its territory to obtain an overview of
the occurrence of protected plants and animals and valuable habitats (mapping within
the Natura 2000 system). We define NATURA 2000 as a continuous European ecological
network of Special Areas of Conservation, consisting of sites with natural habitats and
species habitats, which will allow the conservation of relevant types of natural habitats and
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species habitats in their natural habitat in a state favourable to their protection or allow
this condition to be restored.

Pic 129: Logo of Natura 2000 (zdroj: www.nature.cz)

In the territory of each state, Habitats of European interest (EVL in Czech) have been
declared, they are significant either by the occurrence of protected species of plants or by
valuable habitats, or combined, which is a valuable habitat, with the occurrence of protected plant species. Important bird areas have been declared on the basis of the Wild Birds
directive.

2.1.2 Nature protection in the Czech Republic
The protection of nature in the Czech Republic is governed by the Law on Nature and
Landscape Protection (Act No. 114/1992 Coll.) which addresses general nature and
landscape protection (which deals with protection of the inanimate part of nature – protection of caves, careful use of natural resources, protection of woody plants outside the
forest, etc.) and Special Nature and Landscape Protection orientated towards territorial
protection and protection of flora and fauna.
Examples of woody plants protection outside the forest are memorable trees. Trees (or
alleys) of extraordinary stature or age, trees that have a special habitus (general appearance), trees that are landscape landmarks, or trees reminiscent of a particular historical event
or legend or trees accompanying a cultural monument (chapel, church, wayside shrine,
natural spring). They are marked by signs with a small state emblem and the inscription
memorable tree.
Territorial protection particularly deals with specially protected areas which we distinguish according to their size as either large-scale or a small-scale protected areas. Large
protected areas are national parks (NP, see Fig. 5) and protected landscape areas (PLA,
CHKO in Czech, see Fig. 5, 6). In the Czech Republic, there were 4 national parks and 25
protected landscape areas declared.
(http://www.ochranaprirody.cz/res/archive/300/036902.pdf?seek=1465902980).
Among the small-scale protected areas belong: National Wildlife Sanctuary (NPR), National Natural Monument (NPP), Nature Reserve and (PR) Natural Monument (PP).
Specially protected areas are marked with a sign showing the national emblem and a designation of the relevant protection category and its name.
The second main direction of nature conservation is species protection. It is dealt with by
Decree 395/1992 Coll. (http://www.nature.cz/publik_syst2/files08/vyhlaska_395_1992.pdf)
It distinguishes three categories of protected species: § 1 – Critically endangered species, §
2 – highly endangered species and § 3 – endangered species.
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1. SCOPE OF THE CHAPTER
1.1 Characteristic of the Big Idea
The main goal is to explain that the matter does not disappear by itself. If we produce
something, its source was a material. If we do not need the thing anymore, we can throw
it away. But things do not disappear in containers, they are subsequently relocated. By
storing discarded items, we also do not solve the problem as they start to accumulate in
another place. So the solution is recycling; we can use the material no longer needed to
produce another thing without a substantial use of a new material. If we use recycled material to produce another thing, we will not create another mass on Earth made of mineral
materials. It is necessary to note that the mass needed for the production is stored in the
ground because we do not produce anything from space materials. This prepared mass,
however, is in harmony with nature. We focus on ecology and sorting of waste from a different angle. Although we mention the common type of waste sorting, we also consider
the part of avoiding waste at all.

2.1 Suggested development of the Idea at primary education level
(7-11 years old pupils)
Pupils understand the basic environmental and ecological problems and the context of the
modern world better. They also improve when working with non-traditional materials.
They are also able to work according to verbal instructions. By fulfilling these three main
parts (ecological problems, dexterity and understanding of the instructions), they are able
to dispose of waste (sorting, recycling) better.

Science education content in key words:
Recycling
upcycling
downcycling
waste material
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2. SCIENTIFIC BACKGROUND FOR TEACHER
2.1 Waste and recycling, separation of the waste
As there is more and more of the waste material, other new terms used in connection with
recycling are appearing. According to sources 1), more than 1.3 billion tons of wastes were
produced on Earth in 2013. For detailed analysis we recommend the Eurostat website
-Waste statistics. 2) For example, from 2010 to 2012, the amount of waste in the EU increased by 55 million tons.
Vocabulary

Recycling – reuse of waste as a secondary material for further production.
Upcycling – it is also a reuse of things or waste, but something new is created out of this,
having a higher quality or value. Different decorations or artistic objects are often made
from the upcycled waste materials, so the „higher value“ is debatable. An example is the
use of old pallets for furniture production.
Downcycling – It is also the reuse of things or waste, but on the contrary it reduces its
quality and value of the material. A typical example is the use of paper. First we have beautiful glossy paper made. This paper is recycled and it is made into plain writing paper.
In the next recycling, it is made into packaging paper – boxes. Sometimes there are more
noticeable smaller recycled parts in it. In the last phase, for example, a toilet roll is made. It
is not advisable to recycle such paper anymore, as it has lost most of its important features.

1. METHODOLOGICAL GUIDELINES FOR TEACHERS
The entire study material is conceived as a discussion block, with the display of several
products. There are always questions stated in the discussion section which we can ask
pupils, we also provide possible answers on how to respond. As for the introduction we
fulfil the first two topics. The products are mainly focused on upcycling and we choose
their order as needed. For products, only a brief procedure and the necessary tools are
provided. The allocated time may vary depending on the age of pupils and the extent of
implementation. At the start, we can also mention to pupils the new concepts such as
downcycling and upcycling. We will explain those by using simple examples. As we do not
want any additional waste to be generated, this material does not contain a print section.
In most cases, we use waste material.
• A PET bottle journey – focuses mainly on the idea of waste sorting.
• Sorting Quiz – we can try at any time; we assume that pupils already know how the
materials are sorted. Creation of collages – sorted waste.
• A Paper City – upcycling – creating a spatial map from waste material. It serves not
only to make use of waste material, but also to improve fine motor skills and spatial
imagination. It is intended to address other environmental issues with respect to your
city.

1)
2)
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• Upcycling – A Painting Palette – A purpose-built product for upcycling. How to make
a palette for tempera colours from waste material so that we do not have to buy it.
• Upcycling – Tool Holders – a purpose-built product for upcycling.
• Upcycling – My house – a purpose-built product for upcycling and promotion of creativity.
• Upcycling – Floral Decorations – a purpose-built product for upcycling and production of spring decorations.
• Upcycling – Pictures made from bottle caps/mosaics – a purpose-built product for
upcycling, production of a decoration and creativity promotion.
• So that the waste is not generated – a discussion block aimed at preventing unnecessary waste.

1. SCOPE OF THE CHAPTER
1.1 Characteristic of the Big Idea
In line with the basic concept of Wynne Harlen’s Big Idea (2015), this chapter focuses on
developing the idea of the importance of food as an energy source for animals, including humans. Food and its further processing in the organisms can be compared, for
example, to the fuel (and its combustion) of space rockets, which humanity sends into
space. The food of animals and humans is formed by complex organic substances which
are split into simple substances by digestion processes that are further absorbed into the
blood. They then travel in bloodstream to the tissues of individual cells which burn them
in their mitochondria in the presence of oxygen. This is a similar principle as in combustion engines and thus the food literally drives all processes in the living organism.

1.2 Suggested development of the Idea at primary education level
(7-11 years old pupils)
Pupils at the primary school learn about plants, animals and humans. They learn to observe plants and animals and to notice how and where they grow or live and what they need
to live. In the education area “Man and his health” (RVP ZV 2016) pupils also learn about
health and healthy lifestyles. The idea of Food as a rocket fuel of living organisms can thus
help pupils develop ideas about the functioning of animals, including humans, as well as
knowledge and skills related to healthy diet and healthy lifestyles.
In general, activities devoted to healthy lifestyles are currently an essential part of education, as the percentage of not only obese people, but also people with other eating disorders such as anorexia nervosa or bulimia and others is increasing in population.
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Key words:
Food
plant
animal
human
healthy diet

2. SCIENTIFIC BACKGROUND FOR TEACHER
2.1 Food as a rocket fuel of living organisms
Animals including humans are eukaryotic heterotrophic organisms whose source of
energy and building materials are organic compounds that have been produced by
photoautotrophic organisms (mainly plants, but also cyanobacteria or algae). The primary source of energy on Earth is the Sun, and heterotrophic organisms obtain it through
autotrophic organisms.
Getting energy
through digestion

Thus, heterotrophic organisms obtain energy and building substances by digestion of
food. They feed on biomass which was produced by photoautotrophic organisms (cyanobacteria, algae, plants) as producers. Heterotrophic organisms from this point of view are
called consumers because they consume what the producers have created. Consumers are
then divided into herbivores, carnivores and omnivores. Herbivores feed exclusively on
plants, carnivores on meat and omnivores feed on both.

Human being

Humans can be classified as omnivores; it is natural for them to consume plant and
animal foods and various products made from them. In this context, the issue of vegetarianism or veganism as alternative nutritional dietary styles is often debated. It is generally
accepted that animal products contain some substances (amino acids or vitamins) which
cannot be completely substituted by the herbal form. Therefore, it is inappropriate and
risky in terms of health to lead children from an early age to vegetarianism because there
may be disturbances in growth and development in general.

Eating disorders

In the context of nutrition in children, eating disorders such as obesity, anorexia nervosa,
bulimia nervosa and others are often discussed. One of the causes is the inappropriate
treatment of food in families, when it is attributed too large or, conversely, insufficient
significance. Both extremes can subsequently lead to the child not eating enough of varied
foods, eating little or overeating. The current problem is also catering in school canteens
and buffets. Here we can also include the issue of healthy snacks that children bring from
home or buy at school.
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In general, the diet of children should be as varied as possible. It should contain all
groups of nutrients – carbohydrates, proteins and fats. Wholemeal bread, vegetables
and fruits are recommended as a source of carbohydrates. The source of proteins can be
cheese, yoghurt or high-quality ham or legumes. The source of fats can be vegetables and
animal fats. Children usually do not have a problem with cholesterol, so it is not a problem to spread butter on the bread for their snacks instead of less digestible hydrogenated
vegetable fats. The source of vitamins and minerals is fruit and vegetables.

1. SCOPE OF THE CHAPTER
1.1 Characteristic of the Big Idea
To understand the existence of climate zones and the causes of the current climate on
Earth, it is necessary to link a number of seemingly unrelated facts. The Sun is an essential source of energy for life on Earth. The air and water layers of the Earth (atmosphere,
hydrosphere) make the environments in which the transfer of this solar energy takes place
across the Earth. This energy transfer makes the water on Earth to be largely in liquid
form.
Water in liquid form is an essential condition for life on Earth. Thus, the Big Idea is this:
without the solar energy and the distribution of this energy at the surface of the Earth,
which allows the existence of water in a liquid state, there could be no life on Earth. The
Earth is unique in the way that it receives the exact amount of energy from the Sun that
allows the presence of liquid water and thus the existence of life as we know it. However,
there is a historical conditionality: the different positions of the continents and a certain
level of development of life in earlier geological periods had an impact on the climate,
which might have been different from that we know at present.

1.2 Suggested development of the Idea at primary education level
(7-11 years old pupils)
Pupils in primary school aged 7-11 years are familiarized with the basic conditions of life
on Earth. These include, among other things, data on the diversity of life depending on
the climate and weather, and information on ways of organisms’ adaptations to certain
environments. At this age, pupils are familiarized with the circulation of water, with the
position of the Earth in space and the importance of the Sun for living organisms.
The atmosphere and the hydrosphere have been in constant interaction with living
organisms for 3 billion years. The composition of the atmosphere, the hydrosphere and
the rock environment are largely the product of the organisms themselves. The main engine that drives this interaction is the energy of the Sun, which, however, reaches the
Earth‘s surface unevenly. The imbalance is intensified by the uneven distribution of land
and oceans on the Earth‘s surface. Changes in the position of the continents in the geological past, resulting in changes in air flow as well as changes in the ocean currents, give
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to the present, from a human point of view, static view of the climate, another one, which
is time dimensional. The climate has changed in the course of geological history and will
change in the future too. The climate change was manifested during the development
of organisms in the sea and on the mainland in their adaptation to certain climatic
conditions. Contemporary biogeographic extension, various shapes and various physiological adaptations of plants, animals and other organisms are largely the consequence of
the climate change in the geological past.
However, there is also feedback. The activity of organisms has kept the climate on Earth
within the limits acceptable to life and at the temperature necessary for the presence of
water in the liquid state.

Key words:
Climate
Water
The Sun
Biogeography
Evolution

2. SCIENTIFIC BACKGROUND FOR TEACHER
2.1 Climate
Climate is defined as a long-term weather condition. It is contingent on the energy balance of a particular location on the Earth‘s surface (i.e. the amount of energy coming
from the Sun), the circulation of the atmosphere and ocean waters, and the nature of the
Earth‘s surface, the chemical composition of the atmosphere and nowadays the activities
of humans.
Energy
and its flow
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The low geographic latitudes gain more energy from the Sun than the area around the
Poles. This fact is further emphasised by the tilt of the Earth axis. The excess of energy in
the equatorial region and the lack of energy in the polar region lead to the transfer of
thermal energy (further heat) from the Equator to the Poles. The atmosphere and the
oceans mediate this heat transfer. This causes the inevitable air flow. The warm air heated
from the luminated Earth surface is thinner, rises upward, and the cold air flows into its
place at the Earth‘s surface. The result is the circulation of air masses. The air currents, with
the influence of Earth‘s rotation, rotate and make spiral cyclones and anticyclones.
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This causes changes in temperature and precipitation, i.e. what we call the weather.
Similar processes happen in the oceans. The water at the surface is heated and warm sea
currents flow from the Equator to the higher geographic latitudes. Deep ocean currents
bring the cold water into equatorial areas in reverse. Warm surface currents bring heat to
the Poles perhaps slower than the atmosphere, but more steadily. The Gulf Stream is an
example of the warm sea currents in the Atlantic Ocean.
To explain the circulation in the atmosphere, it is necessary to realize the general model
of circulation between the ocean and the mainland. In summer over the mainland, the
rapidly heated air has smaller density and is pushed out by the cooler and therefore denser
air that comes from the ocean. In winter, the surface of the mainland is cooled faster, and
the denser air from the mainland flows into a relatively warmer and thus even thinner air
over the oceans. Monsoons are traditionally frequently recurring air currents.
If the Sun-illuminated surface is dark, it receives (absorbs) more energy than a light surface. The nature of the
If there is snow and ice in the Polar Regions, the Earth‘s surface heats up less than the dark Earth‘s surface
surface. The ocean is relatively dark compared to the mainland, therefore it absorbs more
energy. The ocean also has higher thermal inertia than the mainland. That is why the oceans and seas hinder the heat fluctuations over the adjacent mainland, and the sea climate
tends to be more thermally balanced than the centres of large landmasses.
Some gases in the atmosphere, especially carbon dioxide and methane, have a major in- Chemical comfluence on the maintenance of solar energy. A higher proportion of these gases in the position of the
atmosphere create so-called greenhouse effect causing an increase of the average tem- atmosphere
perature of the Earth‘s surface. These gases are „closed“ in the rock environment, from
where they return to the atmosphere by ventilation and combustion (oxidation).
Different climate zones are distinguished on Earth: tropical, subtropical, temperate, Climate zones
subpolar and polar. Each of the zones has characteristic basic values of climatic elements:
temperature, precipitation, sunlight. These factors, in particular the temperature and quantity of water, affect the plant cover and, both directly and indirectly, the size and appearance of the animals.
In recent decades, climate change has been extensively debated on Earth. The causes of cli- Climate change
mate change are being sought in cosmic causes, in the arrangement of the continents and
oceans, but it also discusses the direct influence of human civilization on climate change.
The basic question is the stability of Earth‘s climate. There is evidence that the climate
has been subject to long-term change without the contribution of humans.
The first influence of man on the climate could have begun to manifest between 2 to
3 thousand years ago in relation to changes in plant cover due to grazing, deforestation and agriculture. Compared to nearly 4 billion years of the atmosphere and solid
Earth’s surface, it is clear that climate change on Earth in the geological past could not
have been induced by man. They were caused by the geological processes themselves, the
levels of life development and sometimes cosmic factors.
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METHODOLOGICAL GUIDELINES FOR THE TEACHERS
Activity 1: Herbarium of medicinal plants
The teacher explains to pupils how to make a herbarium. The teacher prepares a selection
of suitable plants according to the theoretical part, preferably in the form of a photo exhibition or a presentation that pupils have at their disposal, with a picture of the plant and
the Czech and scientific name. The teacher presents one herbarium´s item so that pupils
know exactly how it should look (or the printed scan of the herbarium´s item). The herbarium must contain the following parts: A4 sheet of paper with a glued plant (we collect
the plant even with the root, if it does not fit on the paper size, we divide it into two parts
and we glue them both), a herbarium label that is written in the right hand corner at the
bottom of the sheet and contains: Czech and scientific name of the plant, family, date of
collection, name of the collector, exact location of the collection (if pupils dare, they can
use GPS – most mobile phones have this function). In one month pupils prepare a herbarium of 10 types of medicinal plants and bring it to the teacher to check.

Activity 2: Excursion to a selected area and presentation
of medicinal herbs
The teacher chooses a suitable location for the excursion according to time and space
options. There is no need to go far; just walking out in front of the school or the schools
grounds will suffice. The teacher prints the worksheets and explains to pupils that plants
have a generic and specific name, in the same way as pupils have a first name and surname.
The teacher takes the identification keys and atlases with him/her and divides pupils into
groups. In groups, pupils determine the plant with the help of a teacher, and in the key or
atlas they search for the plant´s inclusion in the family.

Activity 3: Rosehip tea
The teacher collects and dries rosehips (or buys them dried in a herbal pharmacy). He/
she puts the rosehips into two beakers and pours hot water from the kettle into the one
of the beakers only and allows it to infuse (he/she makes infusion). The teacher pours hot
water into the other beaker too but boils the contents on the stove for about 25 min (he/
she makes rosehip tea). Pupils observe the appearance of the contents of both beakers at
the beginning of the experiment and 25 minutes later. The contents of the beaker, which
has not been boiled is clear, slightly coloured and contains vitamin C. The content of the
second beaker has become intensively orange as the carotenes, which are dyes that give
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rosehips the orange color, are released by boiling. However, vitamin C is destroyed with
a long boil. After it has cooled down, pupils can taste the contents of both beakers to try
their differences.

Activity 4: Aromatic herbs
The teacher prepares 5 aromatic plants which are commonly grown (for example the family of Lamiaceae: mint – Mentha, lemon balm – Melissa, marjoram – Majorana, true lavender – Lavandula, savory – Satureja, oregano – Origanum, basil – Basilicum; the family
of Apiaceae: parsley – Petroselinum, lovage – Levisticum, dill – Anethum, etc.). The teacher
can buy them in a supermarket. Next, the teacher prints out the worksheets. He/she presents the herbs without their names and pupils with the help of all accessible means (the
Internet, books) try to identify them.

Activity 5: Oils used in the household
The teacher prepares the worksheets for pupils and sets the deadline by which they are to
bring them completed. After completing the sheets, the teacher divides pupils into groups
and they present the results of their survey in front of their classmates.

Activity 6: Analysis of a Patient Information Leaflet of a plant preparation
The teacher prepares a suitable Patient Information Leaflet from a plant preparation. It is
advisable to divide pupils in groups and have a different leaflet for each. The teacher can
highlight the terms that pupils have to decipher with the colour highlighter. The teacher
sets the task to pupils in one lesson – i.e. to explain the contents of the leaflet to their classmates in Czech and in the second lesson pupils present their work.

Activity 7: Setting up a herb patch
If you have space in the vicinity of the school or in the school garden, set up a herb patch
with your pupils. Choose a few herbs and plant them in the patch. Label the herbs and
describe their use in a household or pharmacy with your pupils and place the descriptions
on a suitable place in the school.
If you do not have a suitable space, plant the herbs only in the flowerpots or boxes on the
windowsill, with pupils observe how the herbs grow, when they bloom, what colour they
have, etc.
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Overview of the activities
Name of the
task

Estimated
duration (min)

Difficulty

Age
group

Equipment
and materials

Aim of the activity

Activity 1
Herbarium of
medicinal herbs

1 month

High
(independent pupils’
homework)

7 – 11
years old

A4 sheet of
paper (10 sheets)
transparent
Sellotape,
absorbent
newspapers,
a trowel, a pen,
glue, a pair of
scissors, a string
folder, the
identification key

Pupils learn to distinguish
10 selected medicinal
herbs. They acquire
a scientific method of
making an evidence
of botanical findings–
a herbarium.

Activity 2
Excursion
to a selected
area and
presentation of
medicinal herbs

45 minutes – 4
lessons

medium

7 – 11
years old

worksheets,
a magnifying glass,
identification keys,
atlases

Pupils try to identify
plants according to the
key; observation with
a magnifying glass. With
the teacher’s help, they
match plants to their
families.

Activity 3
Rosehip tea

45 minutes

low

7 – 11
years old

a stove, 2 big beakers(0,5L),a kettle,
dried rosehips,
water

Pupils find out about
various substances present
in plants.

Activity 4
Aromatic berbs

10 min

medium

7 – 11
years old

5 kinds of aromatic Pupils explore the
herbs, the Internet contents of essential
oils and they name
the parts of the plant
where the essential oils
are found, using the
correct morphological
terminology.

Activity 5
Oils used in the
household

1 hour

Medium
(independent pupils’
home work)

7 – 11
years old

Oils, a worksheet,
the Internet

Pupils get acquainted with
oily plants. They actively
search for information on
the Internet.

10 minutes
Activity 6
Analysis of
a Patient
Information
Leaflet of a plant
preparation

Medium

7 – 11
years old

A Pantient
Information
Leaflet of a plant
preparation, for
example nosal
drops, a herb tea
from the chemist’s,
a worksheet,
the Internet or
a Dictionary of
foreign words

Pupils get acquainted with
scientific terminology.
They try to understand
the pharmaceutical
terms of plants’ parts and
scientific names of the
plants.

Activity 7
Setting up
a herb patch

High

7 – 11
years old

Seedlings of
medicinal
herbs,garden
substrate, a how,
a trowel, a watering
can, water

Pupils manipulate
practically with the
medicinal herbs, they
learn their names and
uses.

3 lessons

Sources: Moravcová, J. (2006). Biologicky aktivní přírodní látky. VŠ chemicko-technologická v Praze.107 s.
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METHODOLOGICAL GUIDELINES FOR THE TEACHERS
Activity 1: Outing to the forest
a) The teacher prepares the route of the outing and copies the worksheets for pupils. Pupils can work independently or in groups. It is an ideal activity in spring months.
b) The teacher chooses a place for the exhibition of moss, or other natural materials pupils
brought from the forest.

Activity 2: Exhibition of meadow herbs in school
The teacher prepares plastic bottles, or glasses with water, preferably on a windowsill or
a free table, so that pupils can view the exhibition well, scissors for cutting labels, paper,
a marker, identification atlases and keys, a magnifying glass. It is ideal to arrange the exhibition in the spring months.

Activity 3: Signs of animals’ presence in the forest
The teacher motivates children to trace the animals in the forest according to the signs of
their presence (e.g. footprints, gnawed cone, etc.). Pupils work in groups and try to find
and record the signs on paper or they can collect some into a plastic bag. This activity can
be carried out in autumn or winter.

Activity 4: Differences between monocotyledonous
and dicotyledonous plants
The teacher prepares one monocotyledonous plant in the bottle for each group (preferably
grass, e.g. the cock‘s-foot – Dactylis glomerata) and one dicotyledonous plant (preferably
a herb, e.g. the buttercup – Ranunculus, the common daisy – Bellis perennis, etc.). The
herbs are collected with their roots. The teacher also copies the work log and motivates
pupils to fill it out. It is ideal to carry out this activity in spring months.
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Activity 5: Matching species to ecosystems
The teacher can print and laminate the terms and the scheme and then cut them up. Pupils
then only match the terms to the right places.

Overview of the activities
Name of the
task
Activity 1: Outing to the forest

Estimated
duration (min)

Difficulty

Age
group

Equipment and
materials

Aim of the activity

medium

Pupils observe present
From 7 – outdoor clothes,
11 years a worksheet, pens, species in the forest,
collect natural materials;
a plastic bag
old
they organize a display of
mosses in the school.

Activity 2: Exhi- 3 hours in the
bition of mead- countryside 1
ow herbs in the lesson at school
school

high

From 7 – a worksheet,
11 years pens, a plastic
bag, plastic
old
bottles, a marker,
paper, scissors,
identification
atlases and keys,
a magnifying glass

Activity 3: Signs
of animals’
presence in the
forest

medium

From 7 – a sheet of paper or Pupils learn to make
observation in the
11 years a plastic bag
countryside.
old

20 minutes
Activity 4:
Differences between monocotyledon-ous and
dicotyledonous
plants

medium

From 7 – Samples of plants.
11 years Work log.
old

Pupils look for differences
between plants; they draw
and write down their
observation.

Activity 5:
Matching species to ecosystems

medium

From 7 – a worksheet
11 years
old

Pupils revise species and
ecosystems they belong to.
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2 lessons

3 lessons

10 minutes

Pupils distinguish
individual meadow plant
species, collect them
for the exhibition in the
school and they arrange
the exhibition in the
school.
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METHODOLOGICAL GUIDELINES FOR THE TEACHERS
Activities set for one of the seasons can be used with all of the seasons or only some of
them can be chosen. Tasks in worksheets are focused on the weather and features of a particular season (Tasks number 1, 2, 4, 8, 9), next on plants and animals in every season
and then people’ activities (Tasks number 5, 6, 7, 10, 11, 12) and important festivals (Task
number 3). With each of these tasks teachers are recommended to use activity methods.
In this way, cognitive objectives cover higher knowledge levels. In pedagogical evaluation
formative assessment and creation of student portfolios are recommended. Tasks from the
“Man and his world” area are linked with other subjects (mother tongue, music, literature,
ICT, foreign language and art), they do not only cover the curriculum (subject matter) of
one area.

Task 1:
Find the astronomical beginnings of seasons of the year, either in a calendar or on the
Internet. Match the dates you found with the given terms in the table.

Procedure:
The teacher explains the procedure, checks the equipment needed (calendar) or books or
arranges the computer lab.
Collective correction. Evaluation by feedback or by oral evaluation (assessment of student
achievement, verbal evaluation).

Recommended teaching method/organisational form:
Individual work/ individualized instruction with a follow-up group correction. Or it can
be assigned for homework with a follow-up correction at school.

Key – example:
Ascertained dates of beginnings
of the seasons of the year

Correct indication of the beginning

20 – 21 March

Spring equinox

21 – 22 June

Summer solstice

21 – 23 September

Autumn equinox

21 – 23 December

Winter solstice
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Variation:
The task can be amended with a controlled dialogue with questions: What do you understand by the astronomical beginning of the seasons of the year? What is the difference between
astronomical and meteorological beginning? etc.
Gifted pupils (gifted learners, gifted students):
Pupils fill in the table with the data indicating the length of the day and night in each season.
SEN pupils (special educational needs)
The task can be simplified in the way that pupils work in pairs or they look for beginnings
of only 2 seasons.

Task 2:
For each season write important festivals and significant holidays for a chosen state. You
can also fill in traditional customs (in a family, village, region, etc.)

Procedure:
The teacher explains the procedure and demonstrates an example (summer – Cyril and
Methodius, script).
Collective correction of the task. Oral evaluation (pupil‘s verbal assessment, assessment
of student achievement), for example according to criteria: correct matching of at least 2
important festivals, holidays and traditions.

Recommended teaching method/organisational form:
Problem-based learning (problem solving)/work in pairs with follow up collective correction and a plenary discussion. Or a part of the task can be assigned for homework.

Key – example:
Spring
Summer
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The Czech Republic – Easter, 28th March J.A. Comenius, 1st May
– Labour Day, 8th May Liberation Day (the end of World War II)
etc.
The Czech Republic – Jan Hus Day – 6th July Day of
the independent Czechoslovak state

Autumn

The Czech Republic – 28th October

Winter

The Czech Republic – Christmas, 17th November
“Velvet Revolution”, fall of communism
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Variation:
When checking the task can be amended with a group discussion: Which month is the
pupils’ favourite and why? In which month particular plants grow (choice depends on the teacher), what the weather is like etc.
Gifted pupils (gifted learners, gifted students):
Pupils find additional information (curiosities) on the Internet for selected festivals and
holidays.
SEN pupils (special educational needs)
Pupils with special educational needs choose their favourite festival and say how they celebrate it (eventually how they celebrate it in their family).

Task 3:
Cut out the cards, read them carefully and match the features with the seasons in each
field.

Task 4:
Cut out the cards, read them carefully and match the features with the seasons in each
field.

Procedure:
The teacher explains the procedure and demonstrates an example (autumn: fruit and vegetable picking etc.)
Collective correction with the teacher or peer-correction. Oral evaluation (pupil‘s verbal
assessment), for example according to criteria: correct matching of features, explanation

Recommended teaching method/organisational form:
Problem-based learning or a didactic game/work in pairs or in small groups with a follow-up collective correction and a plenary discussion.
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Key – example:
Features of the seasons of the year:
SPRING

•
•
•
•
•
•
•
•

days are getting longer
snow is melting
the Sun is getting warmer
birds are returning
snowdrops are blooming
we are sowing radishes
trees are blooming
eggs are hatching and the young are being born

SUMMER

•
•
•
•
•
•
•
•

AUTUMN

•
•
•
•
•
•
•

the days are getting shorter
frequent fog
leaves are falling
fruit and vegetable picking
some birds are leaving
we fly kites
fish havest

holidays started
bathing outdoors
strawberries are ripening
children’s summer camps
the Sun is scorching hot
harvest start
we dress lightly
frequent thunderstorms
WINTER

•
•
•
•
•
•
•

frost, snow
the days are getting shorter
feeding of birds and animals
sledging and skating
warm clothing
we make a snowman
we decorate a Christmas tree

Variation:
If there is a lack of time, pupils can only write features of two chosen seasons (choice depends on a teacher or a pupil) and compare them to each other.
Gifted pupils (gifted learners, gifted students):
Pupils can think up and add another features for each season based on their gained
knowledge or experience.
SEN pupils (special educational needs):
A pupil can work on his/her own or in pairs and can only fill in 1 or 2 chosen seasons (or
draw features of a chosen season).

Task 5:
Which season were you born in? Write down what is typical for plants, animals and people´s activities in that season.

Procedure:
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The teacher explains the procedure by using his/her own date of birth as an example. (summer – 16th June – strawberries are ripening, the young are maturing, bathing in natural
water areas, holidays etc.)
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Collective correction of the task. Evaluation by feedback or orally (pupil‘s verbal assessment).

Recommended teaching method/organisational form:
Individual work/ individualized instruction with a follow-up group discussion. Or it can
be assigned for homework with a follow-up check and a discussion at school.

Key – example:
Winter – 14th December – mistletoe, Christmas is approaching, supplemental feeding of
animals or hibernation of animals etc.

Variation:
The task can be amended by the description of the weather, typical sports, or a comparison
of birthday celebrations in families, own country to other multicultural traditions.
Gifted pupils (gifted learners, gifted students):
Gifted pupils find out from their parents, grandparents and relatives which season they
were born in and how their ancestors celebrated birthdays.
SEN pupils (special educational needs):
Pupils draw what they like (according to the features of the seasons) about the season they
were born in.

Task 6:
Procedure:
The teacher explains the procedure of recording the ascertained information. He/she arranges the visit of a library (or provides sufficient amount of relevant literature) or arranges
a computer lab.
Collective correction of the task. Evaluation by feedback or by oral evaluation (pupil‘s verbal assessment).

Recommended teaching method/organisational structure:
Individual work/individualised instruction. Or it can be assigned for homework with a follow-up correction and a discussion at school. Or an excursion or a visit to the library can be
planned (school or town library) and pupils search for information on a set task.

Variation:
Task can be extended to the mother tongue lessons, music or a foreign language classes
(with gifted students).
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Pupils can learn the chosen rhymes, poems or songs with a teacher in the mother tongue
lessons and music. Or they can dramatize a song or a poem. Multicultural differences can
be pointed at here as well.
Gifted pupils (gifted learners, gifted students):
Gifted pupils can think up a poem for chosen seasons.
SEN pupils (special educational needs):
Pupils can find songs and rhymes only for 1 or 2 seasons, eventually they can learn a rhyme
or a song by heart based on their choice.

Task 7:
Complete the table with typical tasks done in gardens, woods, fields, meadows and ponds
in each season of the year.

Procedure:
The teacher explains the procedure of the table completion (demonstrates an example: autumn – field – ploughing).
Collective correction. Evaluation by feedback or by oral evaluation (pupil‘s verbal assessment).

Recommended teaching method/organisational form:
Individual work/individualized instruction. Or the task can be done in pairs through
a problem-based learning or it can be assigned for homework with a follow-up correction
and a discussion at school.

Key – example:
Typical tasks for each season of the year:
Spring

Summer

Garden

Cultivating of soil,
sowing

Wood

Planting of saplings

Weeding of patches,
cutting of grass,
and making hay,
watering
Fruit picking

Field

Sowing of crops,
potatoes, ferilization

Irrigation,
harvesting of corn

Meadow

Fertilization, cutting,
clearance

Cutting of grass and
making hay and
aftermath
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Autumn

Winter

Fruit and vegetable
picking, cultivating
of soil, fertilization

Winterizing of trees

Mushroom picking
Harvest of potatoes,
beetroot, ploughing,
fertilization, sowing
of corn
Cutting and
fertilization

Feeding of wildlife
Repair of agricultural
machines, sprouting of
plants
Protected by snow
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Pond

Spring

Summer

Autumn

Winter

Cultivating of
vegetation on banks,
supplemental feeding
of fish

Protection
measures against
Cyanobacteria,cleaning of water

Fish harvest and
draining the pond

Cutting through ice (water
oxygenation)

Task 8:
Design an invitation card to a talk with a meteorologist on the theme of “Changes of the
weather in each season of the year”. Prepare questions for this talk. (Work in small groups.)

Procedure:
The teacher divides pupils in small groups (or pairs) according to the criteria needed for
a successful accomplishment of the task (based on pupils ‘skills). He/she explains the format of an invitation card and demonstrates the examples of questions for the talk. The
teacher also sets the number of questions based on the pupils’ skills (for example: gifted students 5 questions, SEN pupils 1-2 questions). The whole-class correction. Oral evaluation
- pupil‘s verbal assessment (originality and artistic interpretation, language correctness, the
format of the invitation card, questions for the talk linked to the topic).

Recommended teaching method/organisational form:
Practical method/group work. Next, problem-based learning/work in pairs.

Key – example:
The format of the invitation card: greetings, organizing body (school, class), the name of
the event and theme, when and where, place or room, programme, additional information
based on a teacher’s consideration.
Examples of questions for the talk: According to pupils’ questions or can be amended by
following questions: How do you like the work of a meteorologist? What is observed on the
weather? What about the weather forecast? What devices do you use to detect the weather?

Variation:
An excursion to the Hydro meteorological Institute or a station or watching the weather
forecast on TV and recording the phenomena according to the season.
Gifted pupils (gifted learners, gifted students):
Gifted pupils can make the invitation card on a computer. They can plan the excursion
together with the teacher.
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SEN pupils (special educational needs):
Pupils are integrated into groups with gifted pupils. They can have a pre-prepared invitation structure from the teacher and can only fill in the proper data.

Appendix No.8
Design an invitation card to a talk with a meteorologist on the theme of “Changes of the
weather in each season of the year”. Prepare questions for this talk. (Work in small groups.)
The invitation card can be made in an exercise book or on a separate sheet of paper.

Task 9:
Complete the nature’s calendar according to the template. Choose one week in spring, one
in summer, one in autumn and one in winter. Watch and record these features: temperature, precipitations and the length of day and night.
(Note: Weeks must be chosen either at the beginning of the season or at its end so that
these features can be compared: temperature, type of precipitations and the length of day
and night.)
Monday Tuesday Wednesday Thursday

Friday

Saturday

Sunday

Temperature
Precipitations
The length of day/night

Procedure:
The teacher explains the task, the way of completing the calendar and points out that
weeks must be chosen either at the beginning of the season or at its end so that these phenomena can be compared: temperature, type of precipitations and the length of day and
night. Considering that it is a long-term task, continuous checks and motivation of pupils
are essential.
After completing the task, the whole-class check, an exchange of the findings, and oral
evaluation of the task are carried out (pupil‘s verbal assessment).

Recommended teaching method/organisational form:
Inquiry-based learning method – observing (observation learning), working with the nature’s calendar, individual work/individualized instruction.

Key – example:
Based on pupils’ findings.
386

I – S.K.Y.P.E. Methodical Handbook for Teachers
10. Biodiversity, occurence of organisms and their extinction is the result of evolution

Variation:
The nature’s calendars are displayed at school and it is possible to use them during the
talk with a meteorologist. (Here it is necessary to time all the activities that means at first
pupils work on the calendar then there is the talk).
Gifted pupils (gifted learners, gifted students):
Gifted pupils can make the nature’s calendar on a computer or they can record another
phenomena of a season based on their own decision (or after a consultation with the teacher).
SEN pupils (special educational needs):
Pupils can observe only one phenomenon.

Task 10:
Based on your own observation, compare what happens to coniferous and deciduous trees throughout the seasons? Choose one conifer and one deciduous tree in front of your
school or home and observe what happens to them throughout the seasons. Write your
observation in your observational record book. After finishing your observation, compare
your records to those of your classmates.

Procedure:
The teacher explains the task, the way of completing the observational record book (or
prepares a sample of the recording). Given that it is a long-term task, continuous checks
and motivation of pupils are essential.
After completion of the task, the whole-class check and an exchange of the findings and
oral evaluation of the task are carried out (pupil‘s verbal assessment).

Recommended teaching method/organisational form:
Exploration-based learning method – observing, individual work, group discussion/individualized form, front-individual

Key – example:
Based on pupils’ findings.
It is necessary to take into account that pupils can choose a larch as one of the conifers
and then the pupils must be informed about the differences from non-deciduous conifers.
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An example of findings:
Budding, beginning of leafing out and blooming, full foliage, forming of fruit, leaf shedding, fruit shedding etc. can be observed on deciduous trees.
Beginning of blooming, growth of new needles, growth of cones, ripening of cones and
their opening etc. can be observed on coniferous trees.

Variation:
Observation can be aimed at another features linked to the season (mushrooms, herbs,
fruits, etc.).
Gifted pupils (gifted learners, gifted students):
Gifted pupils can organize a talk for younger schoolmates and tell them the results of their
observations.
Or they can find out information about unusual types of coniferous and deciduous trees
abroad.
SEN pupils (special educational needs):
It is suitable to prepare a structured observational record for SEN pupils, eventually only
two of the seasons can be chosen for them. (Spring and summer are best as the differences
in trees are more noticeable during the seasons.
(Note: It is necessary to mark the seasons of the year on the right side of the worksheet).

Task 11:
Think up an interesting drink, salad, spread or soup recipe from plants and their parts
(herbs and trees), mushrooms and field crops which are typical for given season.(Work in
small groups).

Procedure:
The teacher divides pupils into small groups or pairs and explains the task. She gives an
example of a recipe from chosen ingredients based on the season. After completing the
task, the whole-class check, an exchange of the findings and oral evaluation (pupil‘s verbal
assessment) of the task are carried out. Pupils, together with the teacher, consider whether
the recipes belong to a healthy diet or not.

Recommended teaching method/organisational form:
Problem-based learning/group work (or work in pairs). If the task variation is being done,
then practical method is recommended.
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Key – example:
According to pupils, for example:
Spring: nettles, common lady‘s mantle – Easter stuffing: rolls, eggs, the herbs, cooked meat,
salt, pepper + procedure. Or tea can be made from the herbs.

Variation:
Pupils prepare a meal in the school canteen according to the chosen recipe.
Or pupils make a cookery book according to the seasons of the year (in a printed or electronic version) divided into sections: drinks, spreads, soups, main courses, desserts – here
a co-operation with older students is suitable.
Gifted pupils (gifted learners, gifted students):
Gifted pupils can make a weekly menu according to the season of the year (based on the
given task).
Pupils with SEN (special educational needs):
Pupils can choose only one season and one meal.

Task 12:
Which of the following animals can we not see, hear nor meet in winter?
The European tree frog, the swallow, (viper) the common European adder, the castor bean
tick, the European honey bee, the cabbage butterfly, the European roe deer (roerbuck), the
white stork, the great tit, the common carp, the European hamster, the domestic pigeon,
the slowworm, the European hare, the common pheasant, the Eurasian skylark, the Roman snail, the common earthworm, the carrion crow, the domestic cat, the wild boar.

Procedure:
The teacher explains the task and gives an example (winter – we cannot hear the lark).
After completing the task, the whole-class check and oral evaluation of the task are carried
out (pupil‘s verbal assessment).

Recommended teaching method/organisational form:
Work on a worksheet or (problem-based learning, problem solving) individualized instruction (or work in pairs).

Key – example:
In winter we cannot meet, see nor hear these animals: The European tree frog, the swallow,
the common European adder, the castor bean tick, the European honey bee, the cabbage
butterfly, the white stork, the European hamster, the slowworm, the Eurasian skylark, the
Roman snail, the common earthworm.
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Variation:
The teacher can arrange a talk with a conservationist, a zoologist or a gamekeeper.
Gifted pupils (gifted learners, gifted students):
Gifted pupils can choose any animal and find out more details about it (in the literature,
on the Internet, etc.).
Pupils with SEN (special educational needs):
SEN pupils can draw a chosen animal or they can dramatize it.

Overview of the activities
Name
of the task

Estimated
duration (min)

Difficulty

Age
group

Equipment
and materials

Aim of the activity

T1

7-10

Low

8-9

coloured pencils,
WS

Remembering of terms,
understanding of the
relation between the
seasons of the year and
the months.

T2

15-20

Low

8-9

WS, computer,
calendar, pencil

Searching for and
processing of information
about a season of the
year. Remembering the
names of astronomical
beginnings of the seasons.

T3

30

High

9 (10)

WS, computer,
calendar, pencil

Searching for and
processing of information.
Matching and analysis
of events throughout the
year.

T4

20-30

Medium

8-9

WS, cards, glue,
pencil

Application, comparison
and evaluation of typical
seasonal features.

T5

30-40

High

9 (10)

WS, calendar,
pencil

Analysis and evaluation
of personal data and its
connection to the seasons
of the year.

T6

40

Medium

9 (10)

WS, computer,
pencil, songbooks,
collection of
rhymes etc.

Searching for and
processing of information.
Analysis, evaluation and
integration of subject
matter of seasons.

T7

15-20

medium

8-9

WS, pencil

Understanding of the
natural phenomena
and application,
possibly evaluation, on
people’s work activities in
relation with the seasons.
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Name
of the task

Estimated
duration (min)

Difficulty

Age
group

Equipment
and materials

Aim of the activity

T8

45

High

9 (10)

WS, pencil,
computer, art
tools, exercise
book

Planning and making (an
invitation card, interview
suggestion), application
of the curriculum (the
weather according to the
seasons).

T9

A long-term task High

9 (10)

WS, calendar,
thermometer,
observational
record sheet,
pencil

Observation of
meteorological
phenomena and their
evaluation.

T10

A long-term task High

9 (10)

WS, exercise book, Application of knowledge
pencil, natural
of plants in relation
materials
to a season and its
evaluation. Including
observation planning.

T11

30-40

High

8-9 (10)

WS, paper, pencil

Analysis of the seasons
in relation to natural
materials and crops, their
evaluation and creative
use.

T12

10-15

Easy

8-9

WS, pencil

Analysis and evaluation
of animals’ presence in
relation to each season.

Science education content in key words:
nature protection, area conservation, Red and Black list, CITES, UNESCO, species conservation
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METHODOLOGICAL GUIDELINES FOR THE TEACHERS
Teachers can include the findings and instructions from this chapter in both natural science lessons and environmental education.

Activity 1: National parks and Protected landscape areas
The teacher will only revise the scientific background of the theme and allows pupils to
access the Internet.
A) See scientific background of the theme, Fig. 5. In NP we move on marked paths only.
B) The most beautiful collection: We perform the activity in groups, then it is necessary
for each group to have access to a computer or tablet with the Internet. The simulation
is available free of charge, online at: http://vitejtenazemi.cenia.cz/hry/krajina/chko/index.html
Students try to find the large-scale protected areas of the Czech Republic correctly on the
map. The application also contains tests that can be done with pupils. An integral part of
the application is a glossary and notes for teachers.
If the teacher does not want to use the Internet application, he prepares blind map marked
NP and PLA according to Fig. 5, copies it for each pupil and pupils will then locate individual large-scale protected areas.

Activity 2: Matching
Match correctly:
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National park

Characteristics

Krkonošský NP

b

NP Šumava

c

NP Podyjí

d

NP Českosaské Švýcarsko

a
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Activity 3: Excursion into a nature conservation area
Visit with your pupils the nearest protected area to your school. Explain well to them what
the subject to protection is, what plants grow here, or what animals live here. The teacher
prints pictures of the animals that are present in the location, which are best laminated
so that he can show them to pupils in the field. The teacher will explain whether it is
a large-scale or a small-scale protected landscape area. The teacher prints the worksheets
for each pupil in advance and then distributes it to pupils at the destination. The teacher
instructs pupils before the excursion to take a writing pad, coloured pencils and a pen.

Activity: Memorable tree
The teacher copies the worksheets for pupils and explains to them what a memorable tree
is. Pupils then find (with the help of their parents or relatives) the nearest memorable tree.

Overview of the activities
Name
of the task

Estimated
duration

Difficulty

Age
group

Equipment and
materials

Aim of the activity

Activity 1:
National parks
and a protected
landscape areas

15 minutes

medium

From 7 to the Internet or
To practise the location
11 years a blind map of NP of NP and CHKO in the
old
and CHKO
Czech Republic

Activity 2:
Matching

5 minutes

low

From 7 to A worksheet
11 years
old

Quick revision of NP

½ day, all day
Activity 3:
Excursion to
a nature protected area

high

From 7 to A worksheet,
11 years coloured pencils,
old
a pen

Pupils observe plants
and animals in the area,
they are checking out
the characteristics of
a protected area.

Activity 4: Mem- home or school
orable tree
preparation (1
hour) at school
(15 minutes)

medium

From 7 to A worksheet
11 years
old

Pupils visit a locality of
a memorable tree; they
get acquainted with its
indication. They find
out what the subject to
protection is.
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Task 1 Discussion – A PET Bottle Journey
It is advisable to bring in some samples of plastic for the discussion. We recommend that
you use a larger box in which different plastics can be stacked. A yellow box is suitable
for greater illustration. Wrap it with coloured paper or colour it and place various things
made from plastic in the box: a PET bottle, plastic bags, plastic packaging from food, foil.
Choose primarily those with visible recycling symbols.
• Question 1: How much of such waste do you have at home a week?
• Question 2: What do you do with it?
• Question 3: What is wrapped in a plastic packaging?
We discuss with pupils how much waste they have at home and where they take it. It
often ends up in yellow containers, though not all of it.
• Question 4: What happens to plastic waste after it is collected? Where does it go?
Plastic waste is taken into recycling centres. In such a recycling centre, plastic waste is
placed on a conveyor belt and is sorted by type. We can demonstrate it by putting the
box content on the floor and start sorting it with pupils. We first sort out, for example,
PET bottles, plastic packaging and others from each other. During this activity, we will
point out that even if everything is made of plastic, it still differs. We show pupils the
symbols on the packaging. Although we do not detect the name, recycling symbols
differ by number or letters. We separate several PET bottles from the rest.
• Question 5: What should we do with the bottle now?
It is best to remove the labels from the plastic bottle. Next, we unscrew the cap, because
it is made from a different kind of plastic. We begin to cut the bottle into strips and
from the strips we begin to cut the plastic shards. We can pre-prepare them elsewhere.
These shards are then washed and sorted to avoid the presence of other parts.
The shards are then transported to another processing plant where regranulate is produced from them. Originally, plastic bottles were made of plastic granulate, which is
heated, and injected into moulds called preforms. These preforms are heated again and
the plastic bottle is blown out of them.
• Question 6: What is then produced out of it?
Other plastic bottles can be produced with the admixture of new plastic. These shards
are also melted and fibres are made of them. Fabric can be made from these fibres -artificial fibre. The products bear the designation – 100% polypropylene, 100% polyester.
Sleeping bags, pillows’ filling, t-shirts, jackets, carpets and other products are made of
these artificial fibres.
• Question 7: How many 2L bottles are needed for making a T-shirt, a sleeping bag and
1 m2 of a carpet? (5, 35, 60). (Denik.cz)
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Throughout the process, children see that sorting of waste makes sense.
• Question 8: What happens to a dirty PET bottle?
The dirty PET bottle and other plastic are cleaned later, as we know. However, the heavily soiled plastic cannot be used and ends as a mixed waste in the incineration plant.
It is already dirty when it is thrown into the yellow container.

Task 2: A Sorting Quiz
The task is intended to verify pupils’ knowledge of the basic waste sorting. We assume that
pupils know how to sort waste into plastic, paper, glass, bio-waste, electronic, mixed waste
or other categories as needed.
Equipment: coloured pencils or markers, paper glue, scissors, A3 paper, advertising leaflets.
The task can be done in pairs or in groups. Each party then cuts out a certain number of
images – from an advertising leaflet, which are then passed to the other party or a classmate. The task is to create (draw) collection containers and to glue the cut-out pictures
into them.
In the case of group work, we can present the collages and by doing so we can check their
correctness and discuss the classification of waste (images).
Note: A problem can occur with food packaging consisting of two parts – glass + plastic,
or if the paper wrapping has a plastic part inside. The suitable option is – we decide according to what is visible and assume the box to be empty. In the case of two visible parts, it is
possible to cut things apart. In the photo there is a demonstration of an unfinished collage.
Some parts are not sorted; also there is an instant coffee container (plastic and glass). The
collage should still be completed.

Obrázok 130: Koláž triedenie odpadu – príklad
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Task 3: A Paper City
Pupils‘ task is to use paper waste materials to create the city (the surrounding of the school).
Equipment: cardboard boxes, small boxes, paper rolls, dispersion glue, adhesive tape, coloured papers, tempera colours, A4 or A3 paper, cardboard.

Procedure:
The teacher selects the area of the city that pupils will create and prints parts of the map
from map portals: mapy.cz, maps.google.com.
It is advisable to include the surrounding of the school because it is the best known for
pupils. We divide the children into groups according to the way we are accustomed to
working. Each group will be assigned a certain number of houses or a street, a sector (according to the built-up area).
We can also bring a printed map of the city or another map where the search for the street
is done by searching by the sectors. (A5, C3). We will show them how to search in these
maps.
Subsequently, pupils begin to create the assigned block of buildings. The basis for them
will be A3 or A4 sheet of sturdy paper or cardboard on which they draw the base, roads,
pavements, greenery. They then place their buildings on the designated locations. The
buildings stand separately and will only be placed on the base, they will not be glued. Each
part will be marked. At the ends of the maps we also designate the cardinal points.
Pupils will create a 2D map at first and create a spatial map of their surroundings with the
waste materials. In the photo there are unfinished houses and an indicated landscape. The
houses are before completion and the road needs to be adjusted to more lanes to match the
scale. This way, the C3 block will follow next.

Obrázok 131: Ukážka tvorby papierového mesta – príklad
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After finishing, we can discuss with pupils how they like this part of the city and what they
would change.
Question 1: What is positive about this area in relation to the environment?
Question 2: What are the problems in this area?
Question 3: What changes would you propose to improve the environment in this area?
Changes can be modelled or painted.
It is important to mention that we are working with almost 90% of recycled material by
making use of the already used packaging materials. The remaining parts consist of coloured papers. When finished, the model can be displayed.
For the model, we make sure that all the parts are made of paper and are attached by glue.
The use of one kind of material allows

Task 4: Upcycling – The Painting Palette
We introduce the concept of upcycling to pupils and show them products from different
materials: wooden pallet furniture, PET bottle boats and many other accessories.
Tools: solid cardboard (from the used box), caps from PET bottles of different colours,
dispersion glue or a glue gun.

Procedure:
• The basic part consists of a cardboard cut into the shape of a painting palette. Here,
we can leave the children free to create their own shape and avoid the typical shape of
the painting palette. But we remind them that the painting palette has a hole and it is
rounded in order to be held well. Their palette should provide that. They can also use
a template. We watch pupils when creating a hole for holding the palette.
• After cutting the shape of the palette, they glue on the required number of caps. Thanks
to the colours of the caps, the colours should not be repeated apart from one, which will
serve also for other colours.
• After finishing, they can decorate the painting palette.
In the photo there is a basic painting palette without decoration, it contains several colours
and other two white coloured ones for mixing colours.
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Obrázok 132: Ukážka vytvorenej palety

After a longer use, the palette is not recyclable as it is heavily soiled.

Task 5: Upcycling – Tool Holders
If we use brushes, scissors and other tools for our crafting that are lying about on the table
and cannot be put away anywhere, you can create simple tool holders with your pupils for:
coloured pencils, brushes, scissors and more.

Tools:
cardboard boxes, rolls of toilet paper or kitchen towels, pieces of cardboard, coloured paper and other materials for decoration.

Procedure:
We glue the rolls of toilet paper or kitchen towels cut in half into the cardboard box. We
can decorate them with paints or coloured paper before putting them in the box.
In the photo we see the base of the holder. We place the rolls into the box according to its
size. If the box does not correspond precisely to the size of the rolls, we insert the cardboard into the gaps, creating divisions. We use paper and glue on the product so that we can
easily sort it for recycling after its lifetime period is finished.
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Task 6: Upcycling – My House
Pupils create a decorative spatial image of their own dream house.

Tools:
scissors, glue, cardboard, coloured paper, packaging materials: boxes, PET bottles, foil, etc.

Procedure and implementation:
Cut a cardboard base for creating an image with a snap-off knife for each pupil. Pupils can
then create a dream house from the packaging materials they brought. By gluing the boxes
and other packaging on the cardboard a spatial image is created. Pupils are limited only
by the size of the cardboard.

Obrázok 134: Ukážka modelu domu

The photo shows a demonstration of work. For decoration we use coloured paper. We can
paint the cardboard base before beginning or wrap it with coloured paper. With the help
of various materials, we make the landscape and the house. For gluing of most parts, it is
sufficient to use dispersion glue. For some plastic parts (reed by the pool) it is necessary to
use a glue gun. According to the age and dexterity of pupils, they work in the designated
place under supervision or we can help them stick certain parts. The colours of original
materials are used.
Question 1: What parts of the house are made of a recycled material?
Discussion: Some people started creating greenhouses from old jars. Waste wood is also
added in the chipboard that the furniture is made from. From less common products we
can also find houses from tires, converted wagons, and other varied home modifications.
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Task 7: Upcycling – Floral Decorations
Tools:
scissors, glue, paper rolls.

Procedure:
lightly squeeze the paper rolls and cut the „strips“ of the wheels of the same width. Then we
glue them together into the shape of a flower. Flowers can be used as a decorative curtain,
a picture when glued onto cardboard. They are easy to colour and more decorative floral
areas or curtains can be created by further joining.

Obrázok 135: Ukážka kvetinovej výzdoby

Task 8: Upcycling – Pictures made from bottle caps /Mosaics
Tools:
glue, cardboard, caps from PET bottles

Procedure:
We glue the caps onto the cardboard paper into certain shapes or mosaics and patterns. The
cardboard can also be used to make a frame that can be decorated. We can cover the surface
with coloured paper.
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Obrázok 136: Vrchnákový obraz – príklad

Task 9: Discussion – So that waste is not generated
We learnt to sort and process the waste. On Earth, we create more and more of it.
Question 1: Why is there more waste on Earth when we can recycle it?
• Although waste is recycled, sorting and recycling are not done everywhere.
• The aim is to increase waste sorting and recycling but also to reduce consumption.
• There are more and more people on Earth which leads to an increased consumption of
products that are being transported. Both the number of items used and the amount of
packaging are increasing.
• The number of packaging materials (individually packaged pieces) increases due to
increased hygiene.
• Due to human convenience, the number of packaging materials is increasing (as an
extreme case – sale: a peeled orange in a disposable plastic box).
Question 2: We talked about a larger number of packages. What examples of food wrapped
in several layers of packing do you know?
Various types of sweets, boxes of chocolates, teas, etc. are the examples. In the Czech Republic, the company called dTest drew attention to cases of products with a motto: „Do
not buy air“. In a shop we often buy a product with its packaging where more than half of
it is filled with air.
Question 3: Do you know such products’ packaging when after you unpacked them, there
was very little in compared to the size of the box?
Again it is confectionery, cereals, washing powders, medications, and coffee. This is said to
be the saleability of the product when the larger packaging attracts the customer better. It
is also possible to provide a lot of information on the packaging. Examples include some
medications, multivitamins (cardboard box, inside a plastic box and only several tablets
in it.

401

I – S.K.Y.P.E. Methodical Handbook for Teachers
10. Biodiversity, occurence of organisms and their extinction is the result of evolution

Question 4: How can I help?
It is difficult to avoid buying foods that are packaged in this way. You can start buying
other products that do not burden the planet with its packaging. We must not omit the
sorting waste at home.
Conclusion: We also have the opportunity to reduce the consumption of things. With the
availability of machines and finances, the number of manufactured items and people who
want to buy them rises. Often people do not even need the things. The solution is not to
buy unnecessary things or buy/sell even the used things that can still serve. (Outline the
discussion of how many toys pupils have at home and how many toys the children had in
the first and second half of the 20th century. Ask if they really use everything.)

Sources:
dTest: https://www.dtest.cz/kampane/vzduch
Denik.cz http://pardubicky.denik.cz/podnikani/z-peti-plastovych-lahvi-je-tricko-z-8255.
html

METHODOLOGICAL GUIDELINES FOR TEACHERS
Two activities were created for the theme „Food as a rocket fuel of animals including humans“. The first activity is called „What do you eat?“ and the other „Food path“. The first
activity is focused on the issue of healthy diet and leads pupils to think about what they
eat whether it is healthy and what they like eating in general. The other activity is devoted
to the subject of food processing in the organism and its individual organs of the digestive
system and which foods help a person to digest better.
Both activities are designed in the way that pupils can apply their own experience.

Overview of activities
Name of the
task

Estimated
duration (min)

Difficulty

Age group

Equipment
and materials

Aim of the activity

What do you
eat?

30 minutes

medium

3rd to 5th
form of the
primary
school

Pencils, coloured
pencils

To practise the
basic principles of
healthy diet.

Food path

30 minutes

medium

3rd to 5th
form of the
primary
school

Pencils, coloured
pencils

To practise the
structure of
digestive system
and get the idea
of how food is
digested.
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Task 1: What do you eat?
The activity includes five tasks (see the worksheet below) that lead pupils to think about
what they have for their snack, if it‘s healthy, if they eat enough fruit and vegetables. Some
of the tasks are designed so that pupils compare with each other in class who eats what
and how it could be improved. It is important to create a friendly, supportive atmosphere
in the classroom so that pupils do not feel at unease when comparing, but above all the
activity should motivate them to think about a healthy diet and the way they and their
family eat.
In order to complete the tasks in the worksheet, the teacher should prepare pupils by familiarizing them with the basic rules of a healthy diet, analysing different types of food and
explaining their role in human nutrition.

Task A.
This task is in the form of a short questionnaire. The goal is to start a discussion in class
and get pupils to think about when and what they eat.

Task B.
This is a playful and creative task. The emphasis is placed on the importance and form of
a healthy breakfast.

Task C.
This task is again focused on breakfast. Pupils should choose foods that are suitable for
breakfast from the pictures so that they have enough energy up to the school snack.

Task D. and E.
One of the dishes that pupils eat at school, but they usually bring it from home, is a snack.
Pupils will think about their snacks and whether they can be improved in any way. It is
also important for pupils to realise what they like eating and whether it is healthy.
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Task 2: Food path
The tasks of this activity work with the subject matter of the digestive system structure and
help pupils to create an idea of how we digest food.
The importance of yogurt and fibre as food components, which improve digestion and
help prevent diseases of the digestive system, is emphasized.
In order to complete the tasks in the worksheet, the teacher should prepare pupils by familiarizing them with the basic parts of the digestive system and the food digestion process.

Task A.
In this task, pupils colour in the organs in the picture through which food passes during
digestion.

Task B.
In this task, we explain to pupils that during digestion the food is broken down into smaller and smaller particles that are absorbed into the bloodstream in the small intestine
and carried over the body. The order of the individual steps (organs) can be numbered or
joined by pupils like a snake.

Task C.
This task is devoted to yoghurt and its role in a healthy diet. Pupils choose true statements about yoghurt here. They can underline or highlight them with a coloured pencil
or a marker.

Task D.
Like the previous task, this task is devoted to the food component which helps us to digest
well, maintain a favourable environment in the gut and prevent a wide range of diseases
(e.g. colon cancer). This component is fibre.
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METHODOLOGICAL GUIDELINES FOR TEACHERS
The purpose of the experiments is to demonstrate some climate-related processes and
inspire pupils to think about what can influence climate, organisms included.

Task 1:
For the first task, the teacher prepares several sheets of black and white paper for pupils,
which either lays side-by-side on the Sun-lit area or illuminates them closely by a lamp
with a classic or halogen bulb. At the same time, pupils will put their palms on black and
white paper and compare the warming of the paper, i.e. the amount of heat energy received or emitted, when the lamp is turned off or shaded from the Sun. The teacher then
explains the principle of energy intake and its radiation back in the form of long-wave radiation (infrared), which we perceive as heat. It is a model of uneven heating of the Earth
surface depending on the darkness. The different amount of heat emitted heats up the air
above the surface and leads to its flow. Pupils should understand that different surfaces
receive (and emit) different amounts of energy.

Task 2:
In the second experiment, pupils should understand that if the same amount of energy
falls on an area of various size (demonstrated only two-dimensionally by an arc of different lengths), the surface will be heated differently. In the equatorial area there will be
a surplus of heat, while in Polar Regions there will be a shortage. In the case of the rotational axis tilt, the unilluminated part of the Earth‘s surface will be without the direct inflow
of solar energy for a long time (half a year) and this deficiency must be compensated by
the flow of heat from irradiated areas.

Task 3:
The aim of the third task is for pupils to realize that, according to the climatic record of
the geological past, the position of the continents in the distant past can be reconstructed,
as the climatic zonality is more or less permanent. The presence of mainland glaciers and
tropical coral reefs can be a clue. The teacher should explain that the width of the climate
zones kept changing.
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Tasks 4, 5, 6:
The fourth, fifth and sixth tasks are based on knowledge of common animals and plants.
Some animals (bear, lizards, tiger, and fox) live in more climate zones but most animals
are limited to the relevant climate zone. The animals have different adaptations (body size,
fat layer, length of limbs, size of ears, etc., darkness of the body, hibernation) from which
the climatic conditions can be partly derived. In the task with plants, pupils should realize
that water management differs between different types of plants and may not always be
associated with a certain climate (cacti are in temperate, subtropical and tropical climates, the condition is lack of precipitation). Similar conditions lead to the same adaptation
and therefore appearance between different plants (succulents: cacti, spurges, houseleeks).
Plants growing in water (lilies, pond-lilies, victories, and pondweed) do not have a problem with water scarcity and can occur independently of the climate, if water is available in
lakes and rivers.

Tasks 7, 8:
The last two tasks are to demonstrate the processes leading to climate changes and their consequences. Floating ice, according to Archimedes‘ principle, balances with the buoyancy of water, so the ice on the surface of the ocean (the water in the bowl) does not
affect the amount of the level after melting, but the water inflow from the mainland (the
edge of the bowl) increases the water level in the ocean. The melting of ice in the Arctic
Ocean does not affect the level of the ocean, while the melting of mountain and mainland
glaciers (e.g. in Greenland) affects the level. This so-called glacioeustasy, i.e. melting of ice
or water binding to mainland and mountain glaciers, led to a level of fluctuation in the
geological history of about 100 m to the current state.
The last experiment is to demonstrate the existence and release of carbon dioxide into the
atmosphere. If we place the pieces of limestone into a wider beaker and pour the vinegar
over it (possibly diluted HCl, if the experiment is only demonstrative and performed by
a teacher, the experiment is more spectacular), CO2 bubbles begin to develop. That it really
is CO2 can be proved by a small floating candle which we lay burning on the surface after
the beginning of the experiment. After a few minutes, the level of CO2 rises above the surface. The candle should go out because it needs oxygen for burning. It is possible to deduce
from the experiment that when ventilation of some rocks (limestone) or (and also) the
combustion of organic matter (paraffin candles), carbon dioxide is produced, which is an
important greenhouse gas. The teacher should explain to pupils that the amount of CO2 in
the atmosphere and its absorption or release through the rock environment and the plant
cover are one of the most important factors influencing the climate on Earth. Therefore,
in the geological past there were also situations when the Earth was completely frozen
apart from a thin belt along the Equator („Snowball Model“ – the land as a snowball in the
Precambrian), or the climate was generally more balanced and warmer, when the tropical
zone was significantly wider than at present („Greenhouse Model„ – countries with temperate climate and leafy woods up to the Poles in the Eocene).
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