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ARGUMENT

The handbook “Advance your teaching skills with the use of algorithmic and
programming” will be an excellent tool for promoting the idea of algorithmic and
programming elements for the classroom environment, along with highlighting the most
important benefits that could be gained through this approach in the teaching-learning of
non-computer disciplines.
The innovative character of the handbook can also be seen in its structure and
content. Instead of making a long, hard-to-understand publication, the handbook will
serve as a trigger, "call to action" and a micro-opener
The interdisciplinary and transdisciplinary approach to the notions of mathematics,
physics, chemistry and geography is enhanced by the introduction of algorithmic and
programming elements. In addition, the transfer can reach other levels of formal education
or can even be used in non-formal education. The potential for transferability increases
with the possibility of spreading the manual to other European countries by translating it
into languages other than those foreseen in the project.
The handbook will include lesson plans that will be developed by the partners, and
once the chapters have been completed, the manual will be assembled and all partners will
need to get feedback from outside teachers (10 teachers from each country).
However, the manual is designed to be distributed in printed form as well, which
will provide access to a wider scale, including teachers who are accustomed to the pen
and paper format. The desired impact is to equip teachers with the information /
knowledge and skills required, which will allow them to hold their classes with
algorithmic and programming elements. The handbook is seen as an important step for all
teachers to the current and future development of transversal competences in a typical
classroom scenario.
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The piloting of the handbook will focus not only on its content but
also on the practical use of the information and instructions it contains.
Once the piloting has completed, all feedback will be taken into account and all the
reasonable requirements will be implemented.

By Eliza Marinela SOTIRESCU
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1. Introduction to algorithmic and programming
1.1.

Introduction to algorithmic

An algorithm is a plan, a logical step-by-step process for solving a problem. Algorithms
are normally written as a flowchart or in pseudocode.
The key to any problem-solving task is to guide your thought process. The most useful
thing to do is keep asking ‘What if we did it this way?’ Exploring different ways of
solving a problem can help to find the best way to solve it.
When designing an algorithm, consider if there is more than one way of solving the
problem.
An algorithm is a description of how a specific problem should be solved.
If you have ever baked brownies, you know that first you have to gather ingredients, then
measure them, mix them together then prepare the pan, heat the oven and cook them.

Figure 1 – Algorithmic description is like a recipe
Source: momsrecipesandmore.blogspot.gr

If you forget the sugar, they do not taste good and you have to start over.
Determining the right steps, following them correctly and completely and learning from
mistakes are all part of the process of algorithm design.
THIS PROJECT HAS BEEN FUNDED WITH SUPPORT FROM THE EUROPEAN COMMISSION. THIS PUBLICATION REFLECTS THE VIEWS
ONLY OF THE AUTHOR, AND THE COMMISSION CANNOT BE HELD RESPONSIBLE FOR ANY USE WHICH MAY BE MADE OF THE
INFORMATION CONTAINED THEREIN.

CodeIT – Enhancing Teachers’ professional
through algorithmic and programming

development

1.2. Algorithms and their importance
To use a computer for the purpose of executing processes, it is necessary to:
 design the algorithm to describe how the process will be performed;
 use a programming language to express the algorithm into a program;
 run the program on the computer
To this end, it is important to understand that algorithms are independent of the
programming language used and each algorithm can be expressed in different
programming languages and executed on different computers. This is the reason why the
design of algorithms is a fundamental aspect of computer science. The design of an
algorithm is a demanding intellectual activity, significantly more difficult than expressing
the algorithm as a program.
Among the skills needed to design algorithms are creativity and insight (Goldschlager
and Lister, 1988) while there is no general rule, meaning there is no algorithm for
algorithm design!
1.3.

Algorithmic design

Algorithm Design:
 comprises a set of instructions for completing a task,
 moves the problem from the modelling phase to the operation stage,
 the set of instructions should be sequential, complete, accurate and have a
clear end point,
 if intended for a computer the algorithm must comprise a series of tasks
written in a way that the computer is able to perform.
1.4.

Understanding the problem

Before an algorithm can be designed, it is important to check that the problem is
completely understood. There are a number of basic things to know in order to really
understand the problem:


What are the inputs into the problem?



What will be the outputs of the problem?



In what order do instructions need to be carried out?
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What decisions need to be made in the problem?



Are any areas of the problem repeated?
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Once these basic things are understood, it is time to design the algorithm.
1.5.

Pseudocode

Most programs are developed using programming languages. These languages have
specific syntax that must be used so that the program will run properly. Pseudocode is not
a programming language, it is a simple way of describing a set of instructions that does
not have to use specific syntax.
Common pseudocode notation
There is no strict set of standard notations for pseudocode, but some of the most widely
recognised are:
INPUT – indicates a user will be inputting something
OUTPUT – indicates that an output will appear on the screen
WHILE – a loop (iteration that has a condition at the beginning)
FOR – a counting loop (iteration)
REPEAT – UNTIL – a loop (iteration) that has a condition at the end
IF – THEN – ELSE – a decision (selection) in which a choice is made
any instructions that occur inside a selection or iteration are usually indented
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Flowcharts

A flowchart is a diagram that represents a set of instructions. Flowcharts normally use
standard symbols to represent the different types of instructions. These symbols are used
to construct the flowchart and show the step-by-step solution to the problem.

1.7.

Sequencing

Sequencing in algorithms

An algorithm is a plan, a set of step-by-step instructions to solve a problem. There are
three basic building blocks (constructs) to use when designing algorithms:


sequencing
 selection
 iteration
These building blocks help to describe solutions in a form ready for programming.
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1.7.1 Algorithmic Design: Sequence
When designing algorithms, it is important to make sure that all the steps are presented in
the correct order. This is known as sequencing, and can be displayed in pseudocode or
flowcharts.
The coffee-making algorithm of the previous section involves simple steps to be executed
sequentially:
 steps are executed one at a time and not in parallel,
 each step is executed only once,
 execution order is the order in which steps are written,
 execution of the last step terminates the algorithm.
Such an algorithm is not flexible as it cannot be adapted to respond to different
circumstances. For example think about the unavoidable situation that at some point the
coffee jar is empty or the situation when the robot needs to handle several requests for
coffee or custom requests for milk or sugar.
The conclusion is that an algorithm which is merely a combination of steps in a sequence
will not get us far and more flexible structures are needed in order to design algorithms
capable of realistically depicting real life situations.
1.8 Algorithmic Design: Selection
A more advanced structure which provides flexibility is the selection. Using the selection,
we can refine step 2.1 of the previous coffee-maker algorithm example as follows
(Goldschlager and Lister, 1988):
(2.1.1) take coffee jar off the shelf
(2.1.2) if jar is empty
then get new jar from cupboard
(2.1.3) remove lid from jar

We see the introduction of a condition in step 2.1.2. The condition is “jar is empty”. If
the condition is met, then a conditional instruction applies which is “get new jar from
cupboard”. This is the general form in which the selection structure is expressed:
If condition
then step
The condition can be used to specify any kind of circumstance which when true needs the execution of
a certain step.
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Off course, in real life there are alternatives in case a particular
circumstance emerges. To cope with such situations, the selection structure can be
extended so as to provide alternative steps to be executed.
Assume a simple algorithm for driving with a car to work which needs to cater for the
occasion that the car needs fuel:
(1) start car
(1.1) if fuel indicator on
then drive to the nearest gas station
else drive to work

In this case we can select between two alternative steps in which case the condition (fuel
indicator on or off) dictates which step is to be executed based on the situation we are
faced with.
Here is another example of how refinements and the use of selection can produce a much
more realistic algorithm capable of handling most circumstances without unexpected
outcomes:
(1) wash car
(1.1) if feeling lazy
then drive to the car wash to get it washed
(1.2) wash it by hand
Step 1.1 can be further refined:
(1.1.1) buy a token
(1.1.2) wait in line
(1.1.3) have the car washed
Step 1.1.3 can be further refined:
(1.1.3.1) drive into the car wash
(1.1.3.2) check that all doors and windows are closed
(1.1.3.3) get out of the car
(1.1.3.4) put token to the machine
(1.1.3.5) wait until washing cycle and drying is finished
(1.1.3.6) get into the car
(1.1.3.7) drive away

More flexibility can be introduced to algorithms by taking advantage of nested selection.
Consider the following algorithm for a pedestrian crossing a street at the zebra crossing.
if light is green
then proceed

THIS PROJECT HAS BEEN FUNDED WITH SUPPORT FROM THE EUROPEAN COMMISSION. THIS PUBLICATION REFLECTS THE VIEWS
ONLY OF THE AUTHOR, AND THE COMMISSION CANNOT BE HELD RESPONSIBLE FOR ANY USE WHICH MAY BE MADE OF THE
INFORMATION CONTAINED THEREIN.

CodeIT – Enhancing Teachers’ professional
through algorithmic and programming

development

else stop
This example contains one selection and can be further improved as:
if no light or light is blinking green
then proceed with caution
else if light is red
then stop
else proceed
This later example contains two selections. The second selection is nested inside the first and is executed
only if the light is red.

1.9 Algorithmic Design: Iteration
Iteration is the repetition of a process in a computer program. Iterations of functions are
common in computer programming, since they allow multiple blocks of data to be
processed in sequence. This is typically done using a "while loop" or "for loop". These
loops will repeat a process until a certain number or case is reached.
Simply put, iteration means repeating the same step several times.

Figure 2 – Final version of the coffee-making algorithm
Source: okclipart.com

Iterative algorithms should obey three important principles:
1. An iterative process repeats (iterates) a certain sub-process.
2. Each iteration should change at least one value.
3. There should be some condition under which the iteration terminates. And the
iteration should reach that state.
THIS PROJECT HAS BEEN FUNDED WITH SUPPORT FROM THE EUROPEAN COMMISSION. THIS PUBLICATION REFLECTS THE VIEWS
ONLY OF THE AUTHOR, AND THE COMMISSION CANNOT BE HELD RESPONSIBLE FOR ANY USE WHICH MAY BE MADE OF THE
INFORMATION CONTAINED THEREIN.

CodeIT – Enhancing Teachers’ professional
through algorithmic and programming

development

A very simple algorithm for eating breakfast cereal might consist of these
steps (BBC Bitesize KS3 Subjects: Iteration):
(1) put cereal in bowl
(2) add milk to cereal
(3) spoon cereal and milk into mouth
(3.1) repeat step 3 until all cereal and milk is eaten
(4) rinse bowl and spoon

What we see in step 3.1 is the introduction of a condition which is a situation that is
checked every time an iteration occurs. The condition is introduced with the words repeat
and until. Without the condition, the algorithm would not know when to stop. The
condition, in this case, will be to check if all the milk and cereals is eaten. If that condition
is False (there is still milk and cereals in the bowl), then another iteration occurs. If the
condition is True (there is no more milk and cereals in the bowl), then no more iterations
occur.
The general form is:
repeat
part of the algorithm
until condition

This means that the part of the algorithm between repeat and until is executed repeatedly
until the condition specified after until holds true. The condition which comes after until
is called a terminating condition.
The occurrence of iteration is called a loop.
Iteration allows algorithms to be simplified by stating that certain steps will repeat
until told otherwise. This makes designing algorithms quicker and simpler because they
don’t need to include lots of unnecessary steps (BBC Bitesize KS3 Subjects: Iteration).
A more advanced use of iteration is the use of nested loops. A nested loop is a loop within
a loop, an inner loop within the body of an outer one. How this works is that the first
pass of the outer loop triggers the inner loop, which executes to completion. Then, the
second pass of the outer loop triggers the inner loop again. This repeats until the outer
loop finishes.
When one loop is nested within another, several iterations of the inner loop are performed
for every single iteration of the outer loop.
Example: Suppose we have data in the form below, involving several ID strings. For
each ID string, a variable number of readings have been recorded; the number of readings
for each ID is shown in the howMany column:
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ID

howMany

Readings

200

3

110 30 10

201

5

2 46 109 57 216

202

2

10 500

Our task is to read the data and display a summary chart showing the average of each reading per ID as
follows:
ID
AVERAGE
200
50
201
86
202
255
This is how the algorithm could look like:
read first ID and howMany
repeat
display ID
repeat
read and sum up this ID’s howMany readings
calculate and display average for ID
until end of howMany readings
read next ID
until end of ID

Looking at the algorithm we easily observe that the outer loop controls the number of lines
and the inner loop controls the content of each line. So, 3 IDs leads to 3 rows and each
row will display just one average calculated by adding all readings to get their sum and
dividing by the number of readings to get the average.
1.9.1 Representing iteration
There are two ways of representing algorithms:
 pseudocode
 a flowchart
Representing iteration in pseudocode
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Writing in pseudocode is rather like writing in a programming
language. Each step of the algorithm is written on a line of its own, in sequence.
Consider this simple six-step algorithm for cleaning your teeth:
 set number_of_teeth_cleaned to 0
 put toothpaste on toothbrush
 use toothbrush to clean a tooth
 increase number_of_teeth_cleaned by 1
 if number_of_teeth_cleaned < 32 then go back to step 3
 rinse toothbrush
With each iteration, a decision needs to be made as to whether to continue iterating
or not. Decisions are represented as selection.
In pseudocode, the algorithm would look like this:
number_of_teeth_cleaned = 0
put toothpaste on toothbrush
REPEAT
procedure clean_tooth
number_of_teeth_cleaned = number_of_teeth_cleaned + 1
UNTIL number_of_teeth_cleaned = 32
rinse toothbrush
1.9.2 Representing iteration in a flowchart
A flowchart uses a diagram to explain the steps of an algorithm.
In a flowchart, the algorithm would look like this:
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Figure 4 – Iteration
Source: https://www.bbc.com/bitesize/guides/z8jfyrd/revision/1

1.9.3 What is logical reasoning?
Logical reasoning is the process of applying rules to problem solving. Algorithms are
designed as a set of steps to follow to solve a problem. At the same time, a set of rules is
determined. For example, selection is based on rules:
 if a condition is met, do this
 if not, do that
These rules govern the path that is followed through the algorithm.
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Figure 4 – Logical reasoning
Source: https://www.bbc.com/bitesize/guides/z8jfyrd/revision/1

1.9.4 Why use logical reasoning?
Algorithms are step-by-step instructions to solve a problem, created along with rules that
decide which path to take when a decision is faced.
When trying to solve a problem, it may be that more than one solution is found. A different
algorithm can be built from each solution. Logical reasoning determines if algorithms will
work by predicting what happens when the algorithm’s steps - and the rules they consist
of - are followed.
Predictions from each algorithm can be used to compare solutions and decide on the best
one.
Logical reasoning in practice
Example: Are you old enough to drive?
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Look at this simple pseudocode algorithm for working out if you are old
enough to drive a car:
OUTPUT 'How old are you?'
INPUT user inputs their age
STORE the user's input in the age variable
IF age > 17 THEN
OUTPUT 'You are old enough to drive a car!'
ELSE IF age < 17 THEN
OUTPUT 'You are too young to drive a car.'
This algorithm has a fault. Logical reasoning can be used to determine what the fault is.
There are two conditions in this algorithm. The first checks if age is greater than 17. The
second checks if age is less than 17.
We can use logical reasoning to predict the outcomes of this algorithm. Logically, it is
clear that a person’s age could be greater than 17, less than 17, or could actually be 17.
From this, it is possible to use these values in the algorithm to make predictions:
 A rule exists to check if age is greater than 17. If age is greater than 17, the
algorithm will output ‘You are old enough to drive a car!’
 A rule exists to check if age is less than 17. If age is less than 17, the algorithm
will output ‘You are too young to drive a car.’
 No rule exists to check if age is equal to 17. If age is equal to 17, there will be
no output.
Logic tells us that either a rule needs to be added, or the existing rules need to be changed.
The algorithm can be fixed by either:
 adding a new rule – ELSE IF age = 17 OUTPUT ‘You are old enough to drive a
car!’
 or amending the first rule – IF age >= 17 OUTPUT ‘You are old enough to drive a
car!’
Either solution would work.
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2. Didactic design using programming and algorithmic elements in non-computer
disciplines
2.1 Teaching Geography through Algorithm and Programming – Geography
Lesson Plans
2.1.1 Journey to Antarctic
2.1.2 Lesson project - Geographic Coordinates
2.1.3 Lesson project - Bioclimatic Zones
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JOURNEY TO ANTARCTIC

On 10th August 1897, the "Belgica" ship raised its
anchor from the Antwerp harbour to the Antarctic, the
land of eternal ice, in the first expedition that had as its
purpose not the discovery of new lands, but the carrying
out of complex scientific research and observations, the
first expedition that spent the entire polar winter in the
middle of the Australian ice shelf.
The expedition had an international character, the
Norwegian

explorer

Roald

Amundsen,

Antoine

Dobrowolski (meteorologist) and Henryk Arctowski (geologist) - both from Poland -,
doctor Frederick Cook from America and the Romanian naturalist Emil
Racoviță, took part as well, besides the Belgians.
The first research is carried out on the shoreline of West Africa, in the
tropical arid area, where temperature and precipitation measurements are
made, and oceanography and geology studies are conducted.
The journey continues in the Atlantic Ocean and the next stop is in the equatorial area,
in the Amazon Estuary, in Macapa where the ocean currents are studied and samples of
plants and rocks are collected.
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in
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Magellan Strait, in the Southern part of South
America. In the fjords in this area, the expedition
remains for 4 weeks.
On the occasion of the stopovers made in Chile and
on the shores of the Magellan Strait, Emil Racovita
carries out complex research on the flora and the
fauna. In January 1898, studies on the Drake strait
that divides the Antarctic America were made. The depth of the ocean is measured in this
strait, rejecting the hypothesis of the submarine threshold between America and
Antarctica.
Near the Antarctic Land of Palmer, the
expeditionists discover a strait that has been named
"Belgica" (after the ship) and several islands (one
named by Emil Racovita - Cobalcescu Island).
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Emil Racovita has undertaken a thorough study of whale,
penguins and other Antarctic birds, through which he has
earned a well-deserved reputation.
The voyage ended and the ship left to the Magellan Strait
in order to return to Belgium. The Norwegian Roald Amundsen, the future conqueror of
the South Pole, would have stated later that Emil Racoviţă was for all "a priceless
companion and an explorer full of urge "
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LESSON PROJECT

Mircea Scarlat National Pedagogical College Alexandria
Subject: Physical geography
Class: 9th
Theme: Geographic Coordinates
Lesson type: Mixed
Time: 50 min.
Venue: The Geography Cabinet
Purpose: Knowledge of terms: geographic coordinates, latitude, longitude.
Learning Activities
A1 – to locate the main geographic coordinates on the physical map of the world;
A2 – to define latitude, longitude;
A3 - to calculate the distance between two localities using the physical map of the
world;
Didactic strategy: directed, cognitive, heuristic
Organization of the activity: frontal, individual, teamwork.
Methods and procedures: heuristic conversation, map work.
Educational Resources: Manual, Physical Map of the World, Pens, Paper.
Bibliography:
"Geography - manual for the 9th grade" – I. Donisă, A. Donisă, V. Anastasiu, Didactic
and Pedagogical Publishing House, 2007
"Didactics of Geography" N. Ilinca Didactic and Pedagogical Publishing House, 2003
Teaching activity:
1. Introduction
Greeting pupils, subject presentation and learning activities, reviewing knowledge about
Earth.
2. The central part
A. The method to be applied is working with the map.
a. The teacher demands the students to analyze the map from the geographical atlas.
b. The teacher explains how to use the geographic coordinates.
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c. The pupils analyze the map and calculate the distance between Antwerp and Cobalcescu
Island.
d. After solving the task, the students ask the teacher to visualize the solving of the task.
e. The teacher analyzes the algorithm and the calculation method of time and distance
according to the geographical coordinates.
f. Each student explains how to solve the requirements and the results obtained.
h. The students develop a new algorithm for longitudinal measurement.
j. The teacher asks the students to present the algorithms in front of the class.
k. The students propose improvements to the algorithms presented.
3. Summary and evaluation.
a The teacher, together with students, analyzes the results of the activity and evaluates the
students' work.
b. The teacher assigns the themes.

SUBJECT 1
Emil Racovita had left on his way to the South Pole with the ship ’’Belgica’’ on 10 th
August 1897, from the Antwerp harbour (Belgium), situated on the parallel of 510 North
latitude. He had crossed the North Atlantic, but had stopped in the Equatorial Area 0 0
latitude to study the flora and the fauna.
He continued his journey through Drake Strait, but he was attracted to an unknown
territory, that was named Cobălcescu Island, which is situated on the parallel of 640 South
latitude.
Calculate the distance traveled between Antwerp and Cobălcescu Island.
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Representation in pseudocode

START

READ OUT 510 NORTH LATITUDE

ARRIVAL POINT 640 SOUTH LATITUDE

INTERMEDIATE POINT OF ARRIVAL

Y0=0

THE SUBTRACTION =X0-Y0

DISPLAY THE SUBTRACTION

END

Solution:
Antwerp harbour - starting point - 510 North latitude
The equator is the intermediate point of arrival - 00 latitude
Cobalcescu Island - point of arrival - 640 South latitude
Total distance = starting point - intermediate point + point of arrival
= 510 North latitude -00 +640 South latitude = 1150 latitude
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SUBJECT 2
Keep in mind Antwerp ( Belgia) 4°23′E longitude E and Ushuaia (Argentin)
68° 18′ longitude W. Calculate how many time zones are between Antwerp and Ushuaia.
START

READ DATA

CALCULATE THE TIME ZONE
DIFFERENCE

DISPLAY THE TIME ZONE

DIFFERENCE

END

SOLUTION: 1 time zone has 150 longitude, and the longitude is measured East
or West from the 00 longitude meridian.
From meridian 0 to Antwerp there is 1 time zone, and til’ Ushuaia there are 5
time zones.
The distance between the two cities: 1 + 5 = 6 time zones
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LESSON PROJECT

Mircea Scarlat National Pedagogical College Alexandria
Subject: Physical geography
Class: 9th
Theme: Bioclimatic Zones
Lesson type: Mixed
Time: 50 min.
Venue: The Geography Cabinet
Purpose: Knowledge of terms: to know the influence of the ocean on bioclimatic areas
Learning Activities
A1 – locate major biogeographical areas using the Physical Map of the World;
A2 – to present the main climatic characteristics of the areas crossed by the journey
using the information in the manual;
A3 - to characterize the bioclimatic areas crossed;
Didactic strategy: directed, cognitive, heuristic.
Methods: heuristic conversation, description, explanation, working with the map.
Teaching materials: Physical map of the world
The geographic atlas
Bibliographic materials: Ilinca, N, Mândruţ, O, (2006) "Applied Didactics of Geography",
CD Press, Bucharest;
A. The method to be applied is working with the map.
a. The teacher demands the students to analyze the map from the geographical atlas.
b. The teacher explains the influence of the ocean on the climate through the ocean
currents.
c. The pupils analyze the map and identify currents, cold and warm, from the analyzed
area whose name should be noted in the notebook.
d. After solving the task, the students ask the teacher to visualize the solving of the task.
e. The teacher explains the temperature and precipitation differences that are determined
by the ocean's neighborhood.
f. The teacher analyzes the algorithm and the degree of understanding of how ocean
currents influence the climate.
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g. Each student explains the influence of the ocean on the temperature at
different points of the route.
h. The students develop a new algorithm for precipitation difference.
i. The teacher asks the students to present the algorithms in front of the class.
j.The professor explains to students the importance of climate on types of vegetation.
k. The pupils analyze the map and identify vegetation areas along the route and then
they write them down in the notebook.
l. The students propose algorithms for analyzing areas of vegetation crossed.
m.The teacher asks the students to present the algorithms in front of the class.
3. Summary and evaluation
a The teacher, together with students, analyzes the results of the activity and evaluates
the students' work.
b. The teacher assigns the themes
SUBJECT 1
Explain how the geographical position influences the climate from the South Pole
in relation to the shoreline area considering the altitude over 5000 m, the thickness of the
ice cap over 3000 m and the long distance from the ocean.
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START

NO

IF THE ALTITUDE AT THE
SOUTH POLE IS ABOUT

YES

5000 METERS AND IT IS
FAR AWAY FROM THE
OCEAN
TEMPERATURE -430C
PRECIPITATION 200 MM/YEAR

TEMPERATURE -89,30C
PRECIPITATION 50
MM/YEAR

END

SOLUTION:

The distance from the ocean decreases its influence and causes reduction in rainfall
down to 50 mm / year, and the high altitude decreases the
temperature which caused the lowest temperature to be
recorded on the globe - 89,30C ( Vostok).
In the shoreline the temperature is -430C and the
precipitation - 200mm / year
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SUBJECT 2
Explain the difference of precipitation between Antwerp and the Drake Strait,
although they are located at the same latitude, 500 North and South.
START

READ THE PRECIPITATION

NO

PRECIPITATION
>1000
MM/YEAR

COLD TEMPERATURE
CLIMATE

YES

OCEANIC
TEMPERATURE
CLIMATE

END
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SOLUTION:

In Antwerp, the amount of precipitation is higher, because it is under the influence
of the North Atlantic warm current, which favors precipitation (1000 mm / year),
and the Drake Strait is under the influence of the Antarctic cold current, but also
near the white continent , which causes precipitation to decrease (250 mm / year).

SUBJECT 3
Specify the type of biopedoclimatic area if the rainfall is below 400 mm / year and
the temperature - above 300 ° C on the Western shoreline of Africa, and on the Eastern
shoreline of Brazil the precipitation is above 2000 mm / year and the temperature - below
25 ° C.
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START

READ THE PRECIPITATION

NO
O

NO

OCEANIC
TEMPERATURE AREA

PRECIPITATION<
400MM/AN
TEMPERATURE
>300C

YES

DISCOVER THE
TROPICAL AREA
PRECIPITATION>
=2000MM/AN
TEMPERATURE
<=250C

YES
SMALL AMOUNT OF
DESERT VEGETATION
EQUATORIAL

AREA

EQUATORIAL
RAINFOREST

SMALL AMOUNT
OF FAUNA

MANY
ANIMALS

END
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SOLUTION :
The large amount of precipitation and the
high temperatures in the East of Brazil causes the
existence of the equatorial forest, which contains
many plant and animal species, is dense and the
trees are very tall.

The low rainfall and the high temperatures in the West of Africa favor the desert
area, where the vegetation is almost absent, and there are only a few animals which are all
adapted to dryness.
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2. Didactic design using programming and algorithmic elements in non-computer
disciplines

2.2
Teaching Mathematics through Algorithm and Programming - Mathematics
Lesson Plans
2.2.1 Fairy tale about the wise princess Algebra and the brave Knight of the
coat of a Fourth Grade Student.
2.2.2 Let's try to use algorithms to act on fractions
2.2.3 Grass in the garden
2.2.4 We calculate the area of the square and rectangle
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2.2.1 Fairy tale about the wise princess Algebra
and the brave Knight of the coat of a Fourth Grade Student.

A very long time ago a wise and beautiful princess Algebra
lived in the wonderful land called Mathematics.
Unfortunately, malicious dwarves imprisoned her in an old
castle.
It was announced that the release of the princess would be her
hand.
This task was undertaken by the brave Knight of the coat of a
Fourth Grade Student.
To enter the castle, the brave Knight of the coat of a Fourth Grade Student had to find the
code for the gate.
To do this, select all fractions equal to the number in the middle.

2
2
1
3

4
1

1
6
6

1
8

3
5
4
8
7
7
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To pass through the first room the brave Knight of the coat of a Fourth Grade Student
must indicate the flag of the realm MATHEMATICS knowing that one-third of the flag
is white, and two-thirds are red.

1

2

4

5

3

6

The brave Knight of the coat of a Fourth Grade Student is in a great hall. On the floor
there is a star with eight arms pointing towards the eight doors. Only one door can go
safely, the others lead to the dungeon.
The right door is where the fraction is greater than 1. You should indicate this fraction.
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3
4
4
4

1
2

7
9

4
3

1
3

6
7
2
7

The brave Knight of the coat of a Fourth Grade Student is in a huge chamber, in
which there are four doors marked with the letters: P, K, M, G.
Three of them are located in the dungeon. Only one leads to the princess. Which of them?
You can reach them by moving from a fraction to a fraction in such a way that we expand
each of the next two times. The first fraction is one-half.
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K
16
32

4
5

4
8
8
16

2
4

6
12

1
2
1
8

G

2
6

M

Only the last room, and the steep stairs are divided by the brave Knight of the coat of a
Fourth Grade Student from ALGEBRA.
How to climb the stairs? Add fractions written on the steps of the stairs.
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?

3
18
4
18

1
18

1
18

VICTORY!!!

The brave Knight of the coat of a Fourth Grade Student came to ALGEBRA.
He only has to defeat the evil gnomes and get the princess's hand.
Malicious gnomes will be defeated if the brave Knight
of the coat of a Fourth Grade Student reveals their
secret.
Dwarfs are fond of sweets.
One eats 1/4 cocoa cake and 1/4 cherry cake for
breakfast, 1 cocoa cake and 2 cherry cakes for lunch
and 1/4 raspberry pie for dinner.
The secret of gnomes is how many cakes every day eats each of them?
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2.2.2 Let's try to use algorithms to act on fractions
Maths lesson with elements of programming - a lesson scenario in 4th class (primary
school), 45 minutes
1. Learning outcomes
a) Knowledge


the student will use the ability to act on fractions



the student will learn the rules of creating algorithms

b) Skills


the student will practice designing simple algorithms



the student will be able to use the algorithm to operate on fractions

c) Attitudes/Soft skills


the student will practice the ability to think logically while creating algorithms



the student will work in a group



the student will present the results of his/her work

II. Methods and forms of work


work in groups of two



brainstorm

III. Didactic materials/resources


maths textbook



office supplies - paper, pencil

IV. The course of the lesson:
1) Introduction
a) Welcome
b) Presenting lesson topic
2) Core part
a) The teacher gives out prepared sets of tasks
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b) Presentation of the purpose of the lesson (using simple algorithms
to solve riddles from a fairy tale about the wise princess Algebra and a brave knight
of the coat of a fourth grade student)
c) Division of students into the groups, handing out office supplies
d) Work in groups - working algorithms about fractions
e) Presentation of the results on the board
3) Summary and evaluation
a) Homework - "Check whether you can" from the department fractions ordinary.
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V. Appendice
Appendix 1
The algorithm to check if the fraction is equal to a whole number
START

Enter the value of the counter - c

Enter the denominator value - d

s=c/d

enter the value of an integer - i

Yes
If s = i

the fraction is equal
to a whole number

No

the fraction is not
equal to a whole
number

END
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Appendix 2
Checking if one-third of the flag is white and two-thirds are red
START

Look on the first flag

NO

YES
Is the flag divided into
three equal parts?

NO
Is one-third of the flag
white?

NO
Look on the
next flag

YES

YES
Are the two other
parts of the flag red?

Enter the number of
the flag

END
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Appendix 3
Checking if the fraction is greater than 1

START

Enter the value of the counter - c

Enter the denominator value - d

YES

NO

Is c greater than d?

The fraction is greater
than 1

The fraction is not
greater than 1

END
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Appendix 4
Twice the fractional expansion

START

Enter the value of the counter - c

Enter the denominator value - d

c=2*c

d=2*d

Write 𝑐
𝑑

END
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Appendix 5
Adding fractions with the same denominator

START

Enter the value of the first counter – c1

Enter the value of the second counter – c2

Enter the denominator value - d

c = c1 + c2

Write 𝑐
𝑑

END
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2.2.3 Grass in the garden
The gardener had the task of planting grass on a plot whose surface was not a simple
figure, square or rectangle. It was a polygon but at all right angles.
The problem was that when you buy garden grass seeds, you need to choose a package
and each package is produced for a specific sowing area. Every year, the gardener bought
seed for sowing, but it was always too much or too little, the plots where he worked had
very different dimensions and shapes.
This time, the gardener got the plan and dimensions of the plot earlier. Taking advantage
of the fact that the surface of the plot could be divided into squares and rectangles, the
gardener calculated and summed up the fields of individual sections of the plot and thanks
to that he could buy the right amount of seeds.
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2.2.4 We calculate the area of the square and rectangle

Maths lesson with elements of programming - a lesson scenario in 5th class (primary
school), 45 minutes
I. Learning outcomes
a) Knowledge


the student will remember the difference between a square and a rectangle



the student will he will learn formulas for calculating the area of a square and a
rectangle



the student will remember the units of the surface area

b) Skills


the student will practice the ability to draw parallel and perpendicular lines



the student will develop the ability to observe



the student will be able to use the algorithm to calculate the polygon field with
sides perpendicular to each other

c) Attitudes/Soft skills


the student will practice the skill of logical thinking



the student will work in a group



the student will share his/her knowledge and skills



the student will present the results of his/her work

II. Methods and forms of work


work in groups of two

III. Didactic materials/resources:


maths textbook



the card with the algorithm of conduct
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prepared polygon diagrams



office supplies



pencils, erasers, lines, sets squares

development

IV. The course of the lesson:
1. Introduction
a. Welcome
b. Presenting lesson topic
2. Core part
a. Repetition of information about a square and a rectangle and their
properties
b. Presentation of the purpose of the lesson (development of the algorithm for
calculating the area of the polygon)
c. Division of students into the groups
o handing out office supplies
d. Work in groups - defining steps to calculate the area of a polygon
e. Presentation of the results on the board
3. Summary and evaluation
a. Homework - calculate the surface area in case of differently separated
squares and rectangles
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V. Appendices

Appendix 1
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Appendix 2

1

2
3

4

5
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Appendix 3
The algorithm model
START

k=0

Separate a square or rectangle in the polygon
Measure its length (a) and width (b)

k = k + a*b

YES

Is the remaining
figure a square or a
rectangle?

NO

The surface area of the figure is: k

END
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2.3 Teaching Physics by Algorithm and Programming - Physics Lessons
Plans
2.3.1 Archimedes’ principle
2.3.2 Lesson Project
2.3.3 Gravity Simulator
2.3.4 LESSON PROJECT
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2.3.1 Archimedes’ principle

Archimedes was one of the greatest scientists of the classical age. He was a physicist,
mathematician, astronomer, inventor and engineer. Many of his inventions, theories and
concepts are still in use today. Perhaps his best-known discovery was the principle of
buoyancy, his "eureka" moment.
EUREKA!!!

EUREKA!!!!

EUREKA!!!!!

The story was first written down in the first century B.C. by Vitruvius, a Roman architect.
Archimedes was charged with proving that a new crown made for Hieron, the king of
Syracuse, was not pure gold as the goldsmith had claimed. Archimedes thought long and
hard but could not find a method for proving that the crown was not solid gold.
While stepping into the bath one day, he realized how to test the crown and ran out into
the street shouting “eureka”, which means “I found it”.
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2.3.2 LESSON PROJECT
Istituto di Istruzione Superiore “E. MATTEI” – Fiorenzuola d’Arda (PC)
Subject: Physics
Class: 1st year (age 14)
Theme: Archimedes’ Principle
Lesson type: Mixed
Time: 4 periods of 50/55 minutes
Venue: Physics Lab
Purpose: Knowledge of words: algorithm, program, forces: the weight and the buoyant
force, the net force, block diagrams and their meaning
Skills
 Interpreting and organizing information
 Comparing
 Exercising logical thinking
 Using the different blocks of an algorithm correctly
Learning Activities
 Activate prior knowledge: the net force, the weight of an object, use of a
dynamometer, density
 Develop learners’ skills about analyzing and hypothesizing
 Scan and locate information
Didactic strategy: direct, cognitive, heuristic
Organization of the activity- Methods and Procedures:
Think, pair, share
Problem Solving & Posing
Interactive frontal lesson
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Working in groups using a computer and an experimental apparatus Individual work
Educational Resources:
Physics textbook
Working card with text of the experiment (A4 paper or spreadsheet) and a working card
with a problem (Annex I) - Experimental apparatus
Personal computer or tablet
Paper, pens
Bibliography:
S. Fabbri M. Masini, Quantum, Casa Editrice SEI
Teaching activity:
1. Introduction
Greeting of the students, presentation of the subject and the aims of the lesson, reviewing
knowledge about the Gravity Force and the use of the dynamometer. The net force acting
upon an object submerged in a fluid is given by the addition of two forces: the weight of
the object and the buoyant force. The measure of net force allows to predict if an object
floats or sinks.
2. The central part
A. (1st and 2nd period)
 The teacher divides students into equal groups.
 The teacher gives out A4 paper with the statement of Archimedes’
principle and with the text of the experiment; the teacher tells Ls to read
carefully
 The teacher analyzes physical quantities described in Archimedes’
principle
 Each group performs the experiment: the aim is to measure the weight of an
object in air and in water in order to obtain Archimedes’ force.
 Each group calculates Archimedes’ force based on the statement of the
principle.
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 At first learners work in their own group in order to compare
experimental results (d.) to predicted values obtained by the law (e.), then they
share their conclusions with the whole group
B. (3rd period)
 The teacher divides students into the same groups.
 At first learners work individually on the problem to draw the algorithm
which describes experimental steps, then they work with a partner and,
finally, share with the whole group
 The teacher asks the representatives of the groups to present their
algorithms in front of the class
 Each group draws the Flow-chart on the IWB
 With the supervision of the teacher students compare the charts, the class
share and discuss in plenary
 Teacher asks for the most effective among the charts given
C. (4th period)
 The teacher divides students in pairs
 The teacher gives out A4 paper with the text of the problem (Annex I)
and tells Ls to read carefully and to solve it
 At first learners work individually on the problem, then they work with a
partner and, finally, share with the whole group
 The teacher asks the representatives of the groups to present their
solutions (calculations and flowchart) in front of the class: the class share
and discuss in plenary (Annex II)
3. Summary and Evaluation
 The teacher asks chosen students to summarize the subject and assesses
them
 The teacher assigns homework (Annex III)
 Formative assessment:
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i. informal assessment either by effective questioning of what has already
been learned or by observing and recording learners during lessons
ii. peer assessment when learners assess each other and give feedback iii. self-assessment
when learners assess their own progress
D. APPENDIX
Photos of Experiment in class
E. Annexes
Annex I: Homework – application of Archimedes’ principle to a given problem
Annex II: The Flowchart
Annex III: Experiment – Analysis of one of the examples given
APPENDIX
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ANNEX I
Apply Archimedes’ principle to complete the following table related to three different
objects immersed in fluids. Always take g = 9.81 m/s2
S (N)
Object A
Object B

4.8

Object C

60

d (kg/m3 )

V (m3 )

1.5 103

12
3.2 10-2

3.2 104

ANNEX II

THIS PROJECT HAS BEEN FUNDED WITH SUPPORT FROM THE EUROPEAN COMMISSION. THIS PUBLICATION REFLECTS THE VIEWS
ONLY OF THE AUTHOR, AND THE COMMISSION CANNOT BE HELD RESPONSIBLE FOR ANY USE WHICH MAY BE MADE OF THE
INFORMATION CONTAINED THEREIN.

CodeIT – Enhancing Teachers’ professional
through algorithmic and programming

development

2.3.3 GRAVITY SIMULATOR
In 1609 Johannes Kepler published the “Astronomia Nova”, soon followed by the
“Epitome astronomiae Copernicae” (Epitome of Copernican Astronomy) ten years later.
In these seminal works Kepler explains the orbital motions observed by other illustrious
scientists like Tycho Brae and Galileo Galilei.
His hypothesis of an heliocentric solar system combined with the “three laws of planetary
motion”
In 1609 Johannes Kepler published the “Astronomia Nova”, soon
followed by the “Epitome astronomiae Copernicae” (Epitome of
Copernican Astronomy) ten years later. In these seminal works
Kepler explains the orbital motions observed by other illustrious
scientists like Tycho Brae and Galileo Galilei, putting the sun at
the center of the solar system and using 3 simple rules:
1. All planets move about the Sun in elliptical orbits, having the
Sun as one of the foci.
2. A radius vector joining any planet to the Sun sweeps out equal
areas in equal lengths of time.
3. The squares of the sidereal periods (of revolution) of the planets are directly
proportional to the cubes of their mean distances from the Sun.
In 1687 Isaac Newton publishes the Philosophiæ Naturalis Principia
Mathematica ("Mathematical Principles of Natural Philosophy"), where
demonstrates that all the Kepler rules can be obtained by a single one: the
law of universal gravitation
𝐹=𝐺

𝑀𝑚
𝑟2

This equation describes the attraction between two objects of masses 𝑚 and
𝑀, at a distance 𝑟. This attraction explains the revolution of the Earth
around the Sun, and at the same time how apples fall from trees, showing that the same
rules applies sicut in coelo et in terra, as on earth as in the heavens.
A computer simulations is the best way to appreciate how this simple rule can give rise to
complex behaviors: we just have to model the simple interaction described before, let the
computer run all the numbers, and just look at the final results.
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Algorithm and programming can help student study physics by helpimg
visualizing quantities via plots, trajectories, charts and animations, they can approximate
real-world examples, and they can engage students interactively, all of which can enhance
student the understanding of Physics concepts.
ANNEX III
Archimedes’ principle is a very useful and versatile tool. It can be useful in measuring the
volume of irregular objects, such as gold crowns, as well as explaining the behaviors of
any object placed in any fluid. Archimedes' principle describes how ships float,
submarines dive or hot air balloons fly. So, try to plan an experiment in which you could
analyze one of the examples mentioned above and draw the flow-chart.
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2.3.4 LESSON PROJECT
Istituto di Istruzione Superiore E. MATTEI – Fiorenzuola d’Arda (Pc) Italy
Subject: Physics lesson
Class: 11th
Theme: Gravity simulator
Lesson type: Mixed
Time: 2 55-minute periods
Venue: Physics Lab
Purpose: Knowledge of the gravitational law, Kepler’s law, escape velocity, principle of
Inertia applied to the center of mass of the system
Learning Activities
- Modelling an interacting system as a function of time (Activities 1 to 6)

Didactic strategy: guided, cognitive, heuristic
Organization of the activity: frontal, individual, teamwork.
Methods and procedures: pen and paper problem solving, programming on individual
basis
Educational Resources: working sheet with programming key word (“if” condition,
“while” and “for” cycles, syntax of mathematical operations), pens, paper.
Bibliography:
I. Newton; Philosophiæ Naturalis Principia Mathematica; London 1687.
H. Goldstein; Classical Mechanics; New York, Addison-Wesley, 1980.
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Teaching activities:
The usual strategy to solve problems involving gravitation is to connect the starting and
final state of the system by using the total energy of the system, thanks to the conservative
nature of the gravitational field. Very little word is spent on the long lapse of time inbetween the starting and final state.
In this class the students will use the computer to calculate the trajectories of two bodies
attracting each other through gravitational pull.
Activity 1:
First of all we need to define which parameters we need to describe the system. We need
the initial position and velocities of the two bodies (two 2-dimensional vector quantities),
the masses of the two bodies, time, and (last but not least) the value of the universal
gravitational constant.
The first lines of our code will look like that:

m1=1;

% mass_1, Kg

m2=2;

% mass_2, Kg

G=15;

% universal gravitational constant

The masses of the two objects and the gravitational constant are constant in time. Note
how we introduced comment after the % symbol to improve the readability of the code.
In this program we will use the same value for both the gravitational and inertial mass, a
concept which is not so obvious in the classical physics framework. As a bonus project it
is easy to adapt the code to decouple the two values and play around to see what happens.
Activity 2:
The other parameters evolve in time, so the first thing to do is keep track of the passing of
time using an array

i=1;
t(i)=0;

% elapsed time, s
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% time step, s
% end simulation time, s

Then defining a corresponding array for each variable that changes in time. In the first
element of each array we write the starting value of the variable.
x1(i)= -1;

% x coordinate obj 1, m

y1(i)= 0;

% y obj1

x2(i)= 1;

% x obj2

y1(i)= 0;

% y obj2

vx1(i)= 0;

% speed along x axis obj 1, m/s

vy1(i)= 1;

% speed along y axis obj 1, m/s

vx2(i)= 0;

% speed along x axis obj 2, m/s

vy2(i)= 3;

% speed along y axis obj 2, m/s

xCoM(i)=(x1(i)*m1+x2(i)*m2)/(m1+m2); % Centre of Mass coordinates
yCoM(i)=(y1(i)*m1+y2(i)*m2)/(m1+m2);
Activity 3:
The two bodies exert an equal and opposite gravitational pull towards each other,
depending on the masses and the distance between the two bodies
|𝐹| = 𝐺

𝑚1 𝑚2
𝑟2

and accelerate accordingly
𝑎⃗1 =

𝐹⃗
,
𝑚1

𝑎⃗2 =

𝐹⃗
𝑚2
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The vector sign above the acceleration 𝑎⃗ is important: the direction of the
force is changing as the particles move, so it is expressed by its components along the x
and y axes.
To properly calculate the two components of the acceleration vector along the two axis
we consider the triangle formed by the positions of the two bodies and the one formed by
the acceleration vector and its two components, as shown below.

Since the triangle formed by the force 𝐹1 and its components 𝐹1𝑥 and 𝐹1𝑦 is similar to the
one formed by the distance between the particle 𝑟12 and the segments 𝑥2 − 𝑥1 and 𝑦2 −
𝑦1 .
𝐹1𝑥 =

|𝐹1 |
(𝑥 − 𝑥1 )
|𝑟12 | 2

and similarly for 𝐹1𝑦 .
This way if the body 1 is on the left of the body 2 the component 𝐹1𝑥 results positive
(towards the right), while if the body 1 is on the right of the body 2 the component 𝐹1𝑥
results negative (towards the left).
𝑥2 > 𝑥1 ⇒ (𝑥2 − 𝑥1 ) > 0
𝑥2 < 𝑥1 ⇒ (𝑥2 − 𝑥1 ) < 0
Activity 4:
We can now write the code to calculate the acceleration:
r12(i)=((x2(i)-x1(i))^2+(y2(i)-y1(i))^2)^0.5; % distance between
% the particles, m
F(i)=G*(m1*m2)/(r12(i)^2);

% modulus of the gravitational pull
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a1x=F(i)/m1*(x2(i)-x1(i))/r12; % acceleration components, obj 1
a1y=F(i)/m1*(y2(i)-y1(i))/r12;
a2x=F(i)/m2*(x1(i)-x2(i))/r12; % acceleration components, obj 2
a2y=F(i)/m1*(y1(i)-y2(i))/r12;

xCoM(i)=(x1(i)*m1+x2(i)*m2)/(m1+m2);
yCoM(i)=(y1(i)*m1+y2(i)*m2)/(m1+m2); % centre of mass coordinates

We have now assigned a variable to each and every significant quantity of our system.
Activity 5:
To track the evolution of the system as time passes we must start by approximate the
behavior of the particles. The motions of the particles is quite complicated: as the positions
of the particles change continuously, so does the instantaneous acceleration felt by the
bodies. To calculate the displacement of the particles over a finite amount of time, we
must approximate the motion as an uniformly accelerated motion. This approximation
stand for a very short time (a small enough time_step), during which the particles do not
move much.
We then start the simulation, and calculate the evolution of each variable as the time passes
while t(i) < end_time
i=i+1;

%stops the simulation after enough time elapses

%move the writing index of 1 position

t(i)=t(i-1)+t_step;

%update t

x1(i)=x1(i-1)+vx1(i-1)*t_step+0.5*ax1(i-1)*t_step^2;

%update obj 1

y1(i)=y1(i-1)+vy1(i-1)*t_step+0.5*ay1(i-1)*t_step^2;
x2(i)=x2(i-1)+vx2(i-1)*t_step+0.5*ax2(i-1)*t_step^2;

%update obj 2

y2(i)=y2(i-1)+vy2(i-1)*t_step+0.5*ay2(i-1)*t_step^2;
THIS PROJECT HAS BEEN FUNDED WITH SUPPORT FROM THE EUROPEAN COMMISSION. THIS PUBLICATION REFLECTS THE VIEWS
ONLY OF THE AUTHOR, AND THE COMMISSION CANNOT BE HELD RESPONSIBLE FOR ANY USE WHICH MAY BE MADE OF THE
INFORMATION CONTAINED THEREIN.

CodeIT – Enhancing Teachers’ professional
through algorithmic and programming

development

xCoM(i)=(x1(i)*m1+x2(i)*m2)/(m1+m2);
yCoM(i)=(y1(i)*m1+y2(i)*m2)/(m1+m2); %update centre of mass

dist_12(i)=((x1(i)-x2(i))^2+(y1(i)-y2(i))^2)^0.5;
%update distance between particles

vx1(i)= vx1(i-1)+ax1(i-1)*t_step; %update velocities
vy1(i)= vy1(i-1)+ay1(i-1)*t_step;
vx2(i)= vx2(i-1)+ax2(i-1)*t_step;
vy2(i)= vy2(i-1)+ay2(i-1)*t_step;

a1x=F(i)/m1*(x2(i)-x1(i))/r12; % update accelerations
a1y=F(i)/m1*(y2(i)-y1(i))/r12;
a2x=F(i)/m2*(x1(i)-x2(i))/r12;
a2y=F(i)/m1*(y1(i)-y2(i))/r12;
end
Activity 6:
Once calculated the evolution of the system we can plot the resulting trajectories
plot(x1,y1,'r',x2,y2,'b', xCoM, xCoM, 'g') %plot result trajectories
and we will obtain something like this:
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Since there are no external forces that act on the system the center of mass will always
move with a uniform linear motion.
With a little bit of trial and error it is possible to find stable configuration where the two
bodies orbit around each other, in those configuration is possible to verify the Kepler’s
law.
The flow chart of the activities is the following:
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ANNEX 1
The program flowchart
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ANNEX 2
The full code summary
% Constant parameters

m1=1;

% mass_1, Kg

m2=2;

% mass_2, Kg

G=15;

% universal gravitational constant

% Starting parameters

i=1;
t(i)=0;

% elapsed time, s

t_step=0.05;

% time step, s

end_time=70;

% end simulation time, s

x1(i)= -1;

% x coordinate obj 1, m

y1(i)= 0;

% y obj1

x2(i)= 1;

% x obj2

y1(i)= 0;

% y obj2

vx1(i)= 0;

% speed along x axis obj 1, m/s

vy1(i)= 1;

% speed along y axis obj 1, m/s

vx2(i)= 0;

% speed along x axis obj 2, m/s
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% speed along y axis obj 2, m/s

xCoM(i)=(x1(i)*m1+x2(i)*m2)/(m1+m2); % Centre of Mass coordinates
yCoM(i)=(y1(i)*m1+y2(i)*m2)/(m1+m2);

r12(i)=((x2(i)-x1(i))^2+(y2(i)-y1(i))^2)^0.5; % distance between
% the particles, m
F(i)=G*(m1*m2)/(r12(i)^2);

% modulus of the gravitational pull

a1x=F(i)/m1*(x2(i)-x1(i))/r12; % acceleration components, obj 1
a1y=F(i)/m1*(y2(i)-y1(i))/r12;
a2x=F(i)/m2*(x1(i)-x2(i))/r12; % acceleration components, obj 2
a2y=F(i)/m1*(y1(i)-y2(i))/r12;

xCoM(i)=(x1(i)*m1+x2(i)*m2)/(m1+m2);
yCoM(i)=(y1(i)*m1+y2(i)*m2)/(m1+m2); % centre of mass coordinates

% Simulation run

while t(i) < end_time
i=i+1;

%stops the simulation after enough time elapses

%move the writing index of 1 position

t(i)=t(i-1)+t_step;

%update t

x1(i)=x1(i-1)+vx1(i-1)*t_step+0.5*ax1(i-1)*t_step^2;

%update obj 1

y1(i)=y1(i-1)+vy1(i-1)*t_step+0.5*ay1(i-1)*t_step^2;
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x2(i)=x2(i-1)+vx2(i-1)*t_step+0.5*ax2(i-1)*t_step^2;

%update

obj 2
y2(i)=y2(i-1)+vy2(i-1)*t_step+0.5*ay2(i-1)*t_step^2;
xCoM(i)=(x1(i)*m1+x2(i)*m2)/(m1+m2);
yCoM(i)=(y1(i)*m1+y2(i)*m2)/(m1+m2); %update centre of mass

dist_12(i)=((x1(i)-x2(i))^2+(y1(i)-y2(i))^2)^0.5;
%update distance between particles

vx1(i)= vx1(i-1)+ax1(i-1)*t_step; %update velocities
vy1(i)= vy1(i-1)+ay1(i-1)*t_step;
vx2(i)= vx2(i-1)+ax2(i-1)*t_step;
vy2(i)= vy2(i-1)+ay2(i-1)*t_step;

a1x=F(i)/m1*(x2(i)-x1(i))/r12; % update accelerations
a1y=F(i)/m1*(y2(i)-y1(i))/r12;
a2x=F(i)/m2*(x1(i)-x2(i))/r12;
a2y=F(i)/m1*(y1(i)-y2(i))/r12;
end
plot(x1,y1,'r',x2,y2,'b', xCoM, xCoM, 'g')

%plot result trajectories
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2.4 Teaching Chemistry through Algorithm and Programming - Chemistry Lesson
Plans
2.4.1 Periodic Table of the Elements
2.4.2 Lesson plan - Calculation of Molecular Weight
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2.4.1 Periodic Table of the Elements

The periodic table (also known as the periodic table of elements) is organized so scientists
can quickly discern the properties of individual elements such as their mass, electron
number, electron configuration and their unique chemical properties. Metals reside on the
left side of the table, while non-metals reside on the right. Organizing the elements to help
further our understanding was first provided by Dmitri Mendeleev.
Molar Mass
Molar mass is the atomic expressed un grams per mol or g/mol.
This physical value is indicated by M.
How to find masses of elements in the periodic table?

Molar mass example:
NaCl = 22,99 + 35,45 = 58,45 g/mol
CO2 = 12,01 + 16 *2 = 12,01 + 32 = 44,01
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2.4.2 Lesson plan
Calculation of Molecular Weight
Duration of the lesson: 1 hour
Grade: VIII
I.

II.

Knowledge and skills
1. Knowledge required
a.
structure of periodic table of chemical elements
b.
symbols of chemical elements
c.
determination of relative atomic mass by periodic table
2. Skills
a.
addition and multiplication
b.
rounding of numbers
c.
work with a calculator
Methods and forms of work
1. teacher’s narration
2. work in pairs
3. task solving

III.

Resources and materials
1. handouts with tasks
2. periodic table of chemical elements
3. notebook
4. pen
5. calculator

IV.

Procedure
1. Introduction
a.
teacher explains the goal of the lesson – be able to calculate
molar mass for chemical compounds if their chemical formulas are
given
b.
the teacher explains to the pupils the tasks to be done in the
lesson
 determine the type of atom in chemical formulas
 determine the number of atoms in chemical formulas
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 calculate molar mass for chemical compounds
a.
teacher updates topics already learned
 determination of symbols and names of chemical elements by
periodic table
 determining the number of atoms by periodic table
 determination of relative atomic mass by periodic table
2. Course of work
a.
determination of the number of atoms in chemical formulas
 the teacher explains the principle of determining the number of
atoms in chemical formulas
 the teacher explains the example of the task
 writing the given chemical formula (H2O)
 clarification of types and numbers of atoms (2 hydrogen and 1
oxygen atoms)
 performance of tasks (See Task No.1 in Annex )
o performing tasks in pairs
o teacher’s test and error detection
o in case of errors, correcting them and writing the correct
example
3. Calculation of Molecular Weight
a.
the teacher explains the type and units of measurement of the
molar weight
b.
the teacher explains the example of the task (calculate
molecular weight of water molecule!)
 writing the chemical formula given (H2O )
 clarification of atomic types and numbers (2 H atoms and 1 O
atom )
 finding the relative atomic masses (with H = 1 and with O = 16
)
 addition and multiplication of relative atomic masses taking
into account the number of atoms in the formula (M H2O =
(1*2) + 16 = 18 g/mol )
 writing down the answer (the molecular weight of the water
molecule is 18 g/mol )
THIS PROJECT HAS BEEN FUNDED WITH SUPPORT FROM THE EUROPEAN COMMISSION. THIS PUBLICATION REFLECTS THE VIEWS
ONLY OF THE AUTHOR, AND THE COMMISSION CANNOT BE HELD RESPONSIBLE FOR ANY USE WHICH MAY BE MADE OF THE
INFORMATION CONTAINED THEREIN.

CodeIT – Enhancing Teachers’ professional
through algorithmic and programming

development

c.

performance of tasks (See Task No.2 in annex)
 performance of tasks
 teacher’s test and error detection
 in case of errors, correcting them and writing the correct
example
4. Results and assessment
a. self-assessment of pupils for understanding the topic
b. clarification of unclear cases
c. receiving home work
V.

Annex
1. Tasks to be solved
2. Algorithm for calculating molecular weight
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Annex 1

Determination of atomic number
Determine the type and number of atoms in chemical formulas given!

1)
2)
3)
4)
5)
6)
7)

Cl2
CO2
N2O5
H2SO4
Al(OH)3
K2CO3
Fe3(PO4)2

Calculation of Molecular Weight
Calculate molecular weight for compounds given!

1)
2)
3)
4)
5)
6)
7)
8)

O2
HCl
SO3
P2O5
Ba(OH)2
Na2SO4
Ca3(PO4)2
Mg (NO3)2
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Algorithm for calculating molecular weight
Start

The name of the
chemical
compound

Yes

No index in
the compound
(e.g., CuS)

No

The molecular
weight of the
elements is
multiplied by the
index Cu+2*Cl

Count molecular
weight of the
elements
Cu+S

63,55+2*35,45
=134,45

63,55+32,06 =
95,61

End
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